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[ 00021 The invention provides for polynerization processes to produce
polymers utilizing boiling pool reactor systens and diluents including
hydr of | uor ocar bons. BACKGROUND [00031 Isoolefin polynmers are prepared in
carbocationic poelynerization pr . ial inportance is butyl,
rubber which is a copol yner of f@gégﬁ%tg%l’%gﬁg&a smal | anmount of i soprene.
Butyl rubber is made by |ow tenperature cationic polynerization that
general ly requj t i h ity of >99.5 wt % and the
i soprene have Qﬁﬁﬁlﬁ%&wwmﬁﬁﬁ%@ﬁl@mﬁgm| ecul ar wei ght butyl
rubber. [0004] The carbocationic polynerization of isobutylene and its

copol yneri zati on with conmpnoners |ike isoprene i s nechanistjcally conplex.
See, e.g., O gifPH Chenildis spplichtionqlaimy thedepefijof Pravisionsh Appligadion Nos.
Prentice-Hall, %—g%zl \L\%d j f : 2, d, s
Mat yj aszewski ,GOé o ?ﬁ%npg ol%yrrefizzgg%’i %(2264’\%& \c%ﬂg%é%,l?&(?rq,’ ZP%.?&éNeW Yor K,
1996. The cat a60/4719,08dy filedndune 17/ 2D0%HIthy disolvpwrse df swhichnare doopporeted by an
initiator and a.Lewis acid. Exanples of Lewis acids include AIC 3 and BF3.
Exanpl es of i Mot @ 8rs include Brensted acids such as HO, RCOOH (wherein R
is an al kyl group), and H2O. WO 2004/ 067577 PCTI US2003/ 041221 2

FIELD OF INVENTION

t he

[0002] The invention provides for polymerization processes to produce
polymers utilizing boiling pool reactor systems and diluents including

hydrofluorocarbons.
BACKGROUND

[0003] Isoolefin polymers are prepared in carbocationic polymerization
processes. Of special importance is butyl rubber which is a copolymer of
isobutylene with a small amount of isoprene. Butyi 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 buty! 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
Bronsted acids sach as HCI, RCOOH (wherein R is an alkyl group), and HyO.



During the polynerization process, in what is generally referred to as the
initiation step, isobutylene reacts with the Lewis acid/initiator pair to
produce a carbenium ion. Follow ng, additional nonomer units add to the
formed car RgghsiokR% I N What is generally called the pr d3last ep-
These steps typically take place in a diluent or solvent. Tenperature,

di luent polarity, and counterions affect ot he chem stry of propagation. O
these, the diluent is typically consideréd inportant. [0005] I|ndustry has
general ly accepted w despread use of a slurry polynerization process (to
produce butyl s e, ) | ol oyl
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chl oride at | catept, &sopatylene rensts vidnthe dleiws dodddimitiatdrarair-t0 piduas a tchbenimuent f or

t he reaction nmi xt . _Methyl..chloride is_, oyed for vari ety.of. reasons,
el Udi g ¢ hationy Refiowiie, addiicA Saamer S B ie e (g setbentiat iR i yar but
not the pol yn@ﬁat@ié&iﬂﬁ;l%/ cAlRidNe propagationstep| 'Fﬁbs@@t@psﬂ?ﬁcé‘l@ fké paszing and

boiling points_ to permt, respectivel ow t enperature pol ynerization and

.
ef fecti ve sepadieniopr selvesh tWEmB@'PWFPerd\ﬁ&ﬁ& Plaritsc aed cpgRentane saffephdhes| urry
| oati ; H ! . . ! Cii |
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volune in the reaction m xture can be achieved, as opposed to the
concentration nly ahout 8% to 12%.in solutio ol ynerizatiopn. An
acceptabl e rel @b?ﬂel y | 5\#‘*?%0%@91 tgfineﬁliyt ﬁgcepbag' W’fﬁ%i'ﬁ?ﬁ ﬂgfs S¥0bt ai ned
enabl i ng the hgayméizafieh Yreeis abi@odice taeyl HuEbERY pelyRBhyleid, etd.) #elhe by
surface heat exchange. SIur r,é pol ymeri zati on processes in nethyl chloride

are used in th&lspomgey] eloriér  Ryrirelbyothecnolyperizatiomprocgss exfeasikely yhetne and
| Sobuty’ene-1 SABheNRIRHER! 1w BfiBEraRids) EERly KuE thatC 00RO Y ﬁﬁ@ilﬁ?zﬁiﬁ%ﬁs of

i sobutyl ene and para-nethyl'styrene aré”al so” conducted using ne
chl oride. Si m tharreaction traixture.aridbihgl bhibgde isubdnployed fal s ovapietydefcedsansj ng

met hyl -chl ori de., [[0006] .Howeyer, there are nunber of .prohl.e associ at ed
Wn the  pol yiiiE i if ol e Monsrasts gl pitmgs shiprle SAHET el athcy "o
the polyner p@epblghReplodudth Metigachlofidd Ascd|seilafrezgtnd ®alting pbiagy and to

col l ect on the reactor . o . .
to permit, respectively, low temperature polymerization and effective separation

from the polymer and unreacted monomers. The slurry polymerization process in
methyl chloride offers a number of additional advantages in that a polymer -
concentration of approximately 26% to 37% by volume in the reaction mixture
can be achieved, as opposed to the concentration of only about 8% to 12% in
solution polymerization. = An acceptable relatively low viscosity of the
polymerization mass is obtained enabling the heat of polymerization to be
removed more effectively by surface heat exchange. Slurry polymerization
processes 1 methyl ch‘loriﬂe"are‘used'm“the‘prdduction"of high molecular weight
polyisobutylene and isobutylene-isoprene butyl rubber polymers. Likewise
polymerizations of isobutylene and para-methylstyrene are also conducted using
methyl chloride. Similarly, star-branched butyl rubber is also produced using
methyl chloride.

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

wall, heat transfer surfaces, impeller(s), and the agitator(s)/pump(s). The rate of



wal |, heat transfer surfaces, inpeller(s), and the agitator(s)/punp(s). The
rate of WO 2004/ 067577 PCT/ US2003/ 041221 3 aggloneration increases rapidly
as reaction tenperature rises. Agglonerated particles tend to adhere to and
grow and plwbeofdwkron all surfaces they contact, such 3%{,@3&%4129i schar ge
lines, as well as any heat transfer equipnment being use to renove

exot herm ¢ heat of polynerization, which,is critical since |ow terrperat ure
reaction conditions nust be mai ntained. 10007] The conmercial reactors
typically used to make these rubbers are vveII m xed vessels of greater than
10 to 30 literSg. ] g | g Pr a punp

I npel l er. The aggﬁo%ﬁ%a(rakiz{gtﬁ?r\g%egn H]kegpﬁelrrp %hipggh%ré?lg e R%%l Q%R»)il n order
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these reactors, slurry is, circulated through tubes of a heat exchanger by a

punp, while B@FP?W@FWEH@“BWQSWSEW&DW@ provi des cooling, the slurry
tenperature being determ ned by the boiling ethylene tenperature, the
required heat flux and the overall resistance to heat transfer. On the
slurry side, t[f@Meat edbhaogmercialnedctretyppaliynssisiovedke thessumbbeat arepol yner

i nhibiting heat .fransfer i ch ul t tQ_cause t. tenperature
to rise. -?'hl s %#%ﬂ‘e i"?ﬁs?lg\s?ﬁrgatﬁ{@ﬁ ?%Eﬂﬁqqffm""&m&ﬂﬁ%ﬁ gpcan be
used in nost ng@crovided YN Panipoindpellen| Ue ﬁélmér&iahdﬁ dn@ thé hﬁnipowch vol unme

of the slurry, diluent, and unreacted nonomers e subj ect of
accumil ati on’ HESCTBEKALAy &y QR orkeen ik Frrbaelén@ T(’%“G’@H S&%terensefﬁﬁatent No.

2,534,698, U JavEakabiliche re3m5él§1e4ﬂ:§z Ayl &amBﬁ:td? @ﬁcﬂ\peorﬁnﬁtﬁ‘lﬂ; RRtirreiovever,

these patents have unsatisfactorily addressed the nyriad pr obl ens

associ ated witank psatton€\CESAR") isl ouadyiyl Yrbe Patenbof 514174?%) eneqmrn*gd &ydesired
commercial  pr 9&?&1&3 HeA 0B er HerSred BLif Pend as% R4t % Obi§] REGS:, gt er alia,

a polynerization
these reactors, slurry is circulated through tubes of a heat exchanger by a pump,

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

Process.

[0008] U.S. Patent No. 2,534,698 discloses, inter alia, a polymerization
process comprising the steps in combination of dispersing a mixture of
isobutylene and a polyolefin having 4 to 14 carbon atoms per molecule, into a
body of a fluorine substituted aliphatic hydrocarbon containing material without
substantial solution therein, in the proportion of from one-half part to 10 parts of



process conprising the steps in conbination of dispersing a m xture of

| sobutyl ene and a polyolefin having 4 to 14 carbon atons per nolecule, into
a body of a fluorine substituted aliphatic hydrocarbon containing nateri al
W t hout  suRsbafilokabs sol ution therein, in the proportiO@qﬁmgﬁ&mmﬁ -hal f
part to 10 parts of WD 2004/ 067577 PCT/ US2003/ 041221 4 fluorine substituted
al i phatic hydrocarbon having fromone to, five carbon atons per nolecule
which is liquid at the polynerization tehperature and polynerizing the

di spersed m xture of isobutylene and polyol efin having four to fourteen

carbon atons [ Lecul & at.te ratur bet ween -20C.and_; 164C by the
application tfﬁlelfl% ubgu %eagxgpat&%%a%{)gﬁ ;}13%#%%%?,8? ﬁ%‘e g@}g‘}ff gtgglﬁes t hat
the suitable pbt mrwﬂagﬂﬁﬂﬁis}ﬂmﬁcﬂagrtﬁspﬂlﬁnémamb%ﬁt&e&ﬁddﬁ:ﬁ}ﬁﬁbﬁhﬂﬂg%he
nmononer, cononongr and .catalys in ubst apt | al, i nsoluble in the

f 1 uor ocar bon M?Rjﬁeaé‘?‘?‘t“{Fs‘ngqLi’!“W%“&g?P&P&ﬁ@eﬁ%g%‘fl’?éf%fwem]‘ u. s
Patent No. 2, 3fifndidep ntb1S 0l eOft 88mpdrithiRE batwesn -20°C 8Rd LIB4QU By tROAppIIBIiogat | on

process for the preparation of ‘a copolyner, the steps conprising
conti nuously dhsretoen i FripdebCrafigotajalysti z dowsmen 628 deashes dhat othm sutaBlest i ng of

a nmajor prop | | ene f ) ' ' .. diluting
the mxture \?\}’llt%#]oggrrbgks W@Q\L/%%tn@ @Bgﬁﬁvﬁﬁéﬁ{e\é\rﬁ%ﬁ}? cgfnrt?ﬁh/?@%ljé%gﬁé?ﬁeﬁori de;
copol yneri zi ngnd leatalyisk being sobstintialby insblmble insthp fhoeochsboh hrakdnm theirumea s
addition to :ﬁ&ereac ion.m xture of a liquid stream of previously prepared
pol yneri zatio ulf apd WsalYREdeTt i ng of boron trifluoride in solution in
ethylidene difluoride, nmaintaining the tenperature between -400C and -1030C

t hroughout the entire copolynerization reaction .... '415 teaches the use
of boron trifl|[0¢de an¥.5t BaterioMol 2348438 dipddoseawinderagiia aatmtipequsand

L, 1-difl “Oroey%ﬁ{ﬁgeéﬁéﬁ o@{s@ff&eﬂle P@HH&HEBM%@%&, ‘El%”l%ié;f}féog@?is ovides a

systemin whi cat al yst, hono and cono are ubfe and yet
still affords cantmupbslygelplieeringf tope| polymerizatisoiaalbtiols & \steam capsisting bhe benefits

of reduced react.or fouling... er, boron_ trifluori.de is not.a preferred
commerci al cat"¥BYsPropgiHe %fflf;‘&\é\@i% ¥ SEDOL RFRPYTEPY) 1soprenc; diluting fhe

mixture with from 1/2 volume to 10 volumes of ethylidene difluoride;

-copolymerizing the mixture of isobutylene isoprene by the continuous addition to
the reaction mixture of a liquid stream of previously prepared polymerization

catalyst consisting of boron trifluoride in solution in ethylidene difluoride,

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

of reasons.

[0010] [.S. Patent No. 2,644,809 teaches, inter alia, a polymerization
process comprising the steps in combination of mixing together a major
proportion of a monoolefin having 4 to 8, inclusive, carbon atoms per molecule,
with a minor proportion of a multiolefin having from 4 to 14, inclusive, carbon
atoms per molecule, and polymerizing the resulting mixture with a dissolved
Friedel-Crafis catalyst, in the presence of from 1 to 10 volumes (computed upon



of reasons. [0010] U. S. Patent No. 2,644,809 teaches, inter alia, a
pol yneri zation process conprising the steps in conbination of m xing
together a major proportion of a nonoolefin having 4 to 8, inclusive,

car bon at onwopessemrecul e, with a mnor proportion of Mgzh&yog{ﬁp havi ng
from4 to 14, inclusive, carbon atons per nolecule, and polymerizing the
resulting mxture with a dissolved Friegel-Crafts catalyst, in the presence
of from1l to 10 volunmes (conputed upon WO 2004/ 067577 PCT/ US2003/ 041221 5
the m xed olefins) of a liquid selected fromthe group consisting of

di chl or odi f | ugronBiRANBlefifl)C HF0h ONBhERAR&ecttd | £ith OHRMRG] UmSBERANS:
di chl or ononof | uor net hane, i chl orotetrafl uorethane, and m xtures thereof,

the monool ef idickloredifiupromsthane.n bedishjoramsthenssed i tricklaromanofluerenethanel car r yi ng
out the pol y %]“é L6 @F g)qélj an r zi ng
point of the %Ha%@%bﬂ&g%n |sc”%§%hgér{’l{1 &i i;g 3% or%f Fﬁ'l'ordcar%bons at
mai nt ai ni ng i dealookkinrany mﬁhaleﬁntbemgﬁssohredimﬂ said rhqnidz |an«1; cmeﬁng out fweul i ng,
but teaches the incorporation of I efl n opf e th addl tion
of chl orofl uorPB&yé‘? @on( S=ak mggg@w; r?&ﬂﬁ g ﬁ‘@ ’i’)g R’.fé
chemi cal s. ?Wﬁhsdl&gyﬂﬁhh Cgsofcmmfocmbbhgatﬂlaanﬁﬁmgr@éﬁ sl‘uh?

C ractive

manuf acture and di stri bution of s makin hese materials unat

for commer ci alchaxpeterstics gnd [n@ommgdmrofnalmgj butrfpapkes the\incorpogitiop| afy,  Sr .
D.J., H gh Ml }j—lhug of tyl ene
and Conj ugat edﬁ {BM i %h%?%b %gém tle)FlnElgﬂg melg& B{)Xg@% Cfl(qg%
di scl oses, i ntlmowaltnabe btmecdaplmmg chensicals.r yGpetmmentil zegulationsf hawpet,ymer s of
i sobut yl ene |so n EmUt ﬁe %f’? nd \Qﬂo(lsr'g‘s nt adi gne in

b er1 s
hept ane. [001 Iﬁﬁiﬁ@ﬁ %Yac ‘52‘ ‘Eaﬂ 2Lq X‘Ia‘{‘fflgsh 4l
cont i nuous prmmamfeqbr&daﬁnéfemué@%mﬁe of butyl r ubber by the
pol yneri zation of a nmononmer m xture conprising essentially at |east 90% by

wei ght of isobutene and 0.5 to 10% by wei ght (based on the weight of
mxture) of atjphfgst onQRAInNGA IR $1L., Buckley, Sr., D.J., High Molecular-

Weight, High Unsaturation Copolymers of Isobutylene and Conjugated Dienes,
49(4) Rubber Chemical Technology, 960 (1976), discloses, infer alia, the cationic
slurry polymerization of copolymers of isobutylene with isoprene (butyl rubber)

and with cyclopentadiene in heptane.

[0012] U.S. Patent No. 4,714,747 discloses, inter alia, a continuous
process for the manufacture of butyl rubber by the polymerization of a monomer
mixture comprising essentially at least 90% by weight of isobutene and 0.5 to
10% by weight (based on the weight of mixture) of at least one conjugated diene
comonomer by continuously supplying a feed stream of the monomer mixture and
halogenated hydrocarbon polymerization medium together with catalyst to an
extruder type reactor and polymerizing therein, characterized by the steps of (a)
cooling the feed stream of monomers and halogenated hydrocarbon
polymerization medium to a polymerization temperature of -70°C. to +15°C. by
vaporization of a portion thereof under reduced pressure; (b) supplying the cooled
feed stream to a reactor which is a self-cleaning screw extruder and polymerizing
therein under boiling plug- flow conditions at a constant pressure of 0.1 to 4 Bar
using a "high" temperature aluminium halide catalyst and (c) removing, at the

reactor outlet, polymer product at a concentration of at least 50% for recovery and



conononer by continuously supplying a feed stream of the nononer m xture and
hal ogenat ed hydr ocarbon pol yneri zati on nedi umtogether with catalyst to an
extruder type reactor and polynerizing therein, characterized by t he steps
of (a) coolongoddess?i eed stream of nononers and hal ogenai;@l()% yog bon
pol ymeri zation mediumto a polynerization tenperature of -7 5C by
vapori zation of a portion thereof under geduced pressure; (b) suppl yi ng the
cooled feed streamto a reactor which is a self-cleaning screw extruder and
pol ynerizing therein under boiling plug- flow conditions at a constant
pressure of 0. 1v4p‘8nﬁed3ﬁﬁxtufésbf‘ﬁn1%actéﬁ %noh%%ﬁa#dﬂ}ﬁeﬁiaﬁﬂﬁ R 2ty de
catalyst and (c) ‘renpving, at the reactor outle pol ymer product at a
concentration r@qycbtwh@amnﬁmm@rwﬁm@syeqawdm 2004/ 067577

PCT/ US2003/ 041221 6 a vaporized m xture of unreacted nononers and

pol ymeri zation nmedium for recycle, whereby no separate refrigerant is
requi red. [00J@M3NO 93/ m%masbldissbses iniérealicg|a eontibuenirocess der tieocess for

t he productlon f hi uI rWei |sobutene | soprene copql yners,
cont ai ni ng g’gl“%g ‘@?’ €Y F@HW‘EWP@‘?@ wg@meﬁr EUEYL B e ng
characteri zed fo‘{n b BQo 16 R P RSN BinYd Qbﬁéﬁé“éﬁdﬁo&ﬁhﬂoe‘h@ dHavicieiz&d by fheal
characteristics in the various process sections: i) polynerization section

char act eri zed cByterneranya presencat oft e folloysiagsitical sharesiteristics imdhe ¥anaysnt ai ned

during the poI 1 G p i ip.a liquid
phase, said |i q%[{:é%é E%nggfbgfﬁélﬁen@ggcfe&*bﬁ %?\dg%glrzgé gﬁ?ﬁ]%re t;e/@%th#ﬂgri de, at
a tenperature oopaﬂymar isnfotrhed, raadgentaattaamindurﬁ@ tha polyndesiZatidoncdulnee, py esence of

pol yneri zati on_cat al yst.s alne nat i.on .of a l.east two, canmponents;
P Tir st of RSB ohgeleleB it 8o AEFee S HARA Respeidi Sompgred i num

di al kyl ”DnOhaHnSiﬁ»ﬁlersﬁ‘é]ﬂ rhaﬁylamaﬂw aB i Riehehidlie @8N in e RAKAbDEERH 65
conpounds, al kyl - yl hal i des, said catal yst conponents belng fed

separatel y to 2fAgl %SI WT@PPEG&GI}CSﬁfPQ paerigstion aatalysis PbtﬁmF‘éhi')é‘Pla inationpdi ng kept
constant by bqgj r 4.0 bar,
y boj ieaagwmoﬂP ‘%uﬁg pgfkamaotf Whibh &3 seléh&ge%ﬁy n@“ Zaiﬂn

i) discharge section o slurry fromt ion secti on
trialkyls and aluminum dialkylmonohalides, and the second among halogens,

interhalogenic compounds, alkyl- and arylhalides, said catalyst components being
fed separately to the polymerization, the polymerization temperature being kept
constant by boiling the liquid phase at a pressure between 0.1 and 4.0 bar, ii)
discharge section of the polymer slurry from the polymerization section
characterized by the fact that said polymer suspension (slurry) is conveyed and
compressed upwards, squeezing the liquid phase downwards, so re-fluxing it to
the polymerization section, iii) devolatilization section characterized by the fact
the concentrated polymer slurry, obtained in the preceding point ii) is transformed
into a solid rubbery polymer, free of volatiles, whereas the liquid phase contained

in the slurry is vaporized and recovered by condensation.

[0014] 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 o produce high molecular weight polymers.



characterized by the fact that said pol ynmer suspension (slurry) is conveyed
and conpressed upwards, squeezing the liquid phase downwards, so re-fl uxing
it to the polynerization section, iii) devolatilization section

char act eri zwd 2004067 f act the concentrated pol ymer sl urgyp &963@4{5?9 in the
preceding point ii) is transformed into a solid rubbery pcr)?yrrer, ree of

vol atiles, whereas the |iquid phase contained in the slurry is vaporized
and recovered by condensation. [0014] Therefore, finding alternative
diluents or blends of diluents to create new polynerization systens that
woul d reduce particle aggloneration and/or reduce the amount of chlorinated
hydr ocar bons such as nethyl chloride is desirable. Such new pol ynerization
systens woul d[§M8lice paHydroflaoragybens(HEClspare chethicabaihioare feurrentlygused t hout

having to conprom.se pr r ters,. conditian or .conponent s and/ or

wi t hout sacr??f?%@%%ﬁfﬁ%@f?ﬁ% r?ﬁﬁzfus%ﬂ}?y g’ﬁ? ?\é’eryalg‘l'vl ‘fe;l} zfrcﬁpr oduce

% gh m)l ecul abmiai?tlglt:imlpmﬁﬁa. Ig@iraﬁﬁﬁdzﬁﬁihﬁgﬂetﬁﬁiﬁ)dtﬁﬂﬁﬂﬁlﬁéd@ﬂhbg [ 0015]
rof | uor ocar hon re chem,c that are currently used._  as

envi r onment al FSJFd F%Waﬁycﬁ@ o Gﬁwanm{@a%éféaa@e Wm&%}IYh%aysq%WJ@wnq%aw (even

zero) ozone dem-ehipRs R AR 8'hydrbBEbons!aficRBARGIRRIGkRAs POt ent i al s

thought to be” related to the lack of chlorine. The HFC s also typically

have low flammability particularly as conpared to hydrocarbons and

chl ori nat ed hx@m@af bong, o%ﬁlreé%%e%rai’s%rlﬁclﬁ&f W&pﬁ@iwﬁ' &8 digflde VO
pol'ymer i zatton )

02/ 34794 t hat stl oses™a “free radi cal process usi n
hydr of | uor ocarfiee palicaDpblymetizatiogrpoawesk usimgf gdesthwsocarbohsi dOtHAE badkgrondd 727 A, WO

5 57, 870, andlgesseomtuti DRADOST 753 4 oo altincty Yee Vhiof RuERTRAS: [ 0017

The i nventi on Ny, 96241838, NS, Fudny NR! 5,320, 8700 al] UGS Patest N& 3pr7odyge  pol ymers
utilizing boiling pool reactor systens and diluents conprising

hydr of | uorocarbons. In particular, the invention provides for polynerization

process conpr sSSP G THONWERTRONSt system a diluent conprising one or

nor e

[0017] The invention provides for polymerization processes to produce
polymers utilizing boiling pool reactor systems and diluents comprising
hydrofluorocarbons. In particular, the invention provides for polymerization
process comprising contacting a catalyst system, a diluent comprising one or more
hydrofluorocarbon(s)(HFC's), and one or more monomer(s) to form a
polymerization medium, wherein the polymerization medium is evaporated during

the polymerization.

[0018] In the previous embodiment, the contacting may occur in a boiling

pool reactor system.

[0019] In the previous embodiment, the boiling pool reactor system may

comprise a plug flow extruder reactor or a stirred tank reactor.

[0020] In the previous embodiment, the plug flow extruder reactor may

comprise a plurality injection zones for the one or more monomer(s).



hydr of | uor ocar bon(s) (HFC s), and one or nore nononer(s) to forma
pol yneri zati on medi um wherein the polynerization nmediumis evaporated
during the polynerization. [0018] In the previous enbodi nent, the

contacti ng weysaetr7in a boiling pool reactor system ﬂ%ﬁ]}os}o?n&{‘e
previ ous enbodi nent, the boiling pool reactor systemmay conprise a plug

fl ow extruder reactor or a stirred tank yeactor. [0020] In the previous
enbodi ment, the plug flow extruder reactor nay conprise a plurality
injection zones for the one or nore nononer(s). WO 2004/ 067577

PCT/ US2003/ 04 8 [0 n.:ihe ' i t ug_fl ow
ext ruder reac'g@r?z]1 nd tﬁémsctén?‘?é‘% %‘gﬁfﬁ?gﬁtﬁﬁﬁ‘%@%@&ﬁ%&% r%lngl ity of
i nj ecti on zonake ftoredtdrk reddta st congyist & plurdl}P 3Linjdction pynes Fortthe caatipdi nent s
described in this section, the catalyst system may conprise one or nore
Lew s acid(s) ,Syﬁ?mot her metal conplex(es) as described herein, and one or
nore initiator(s), each being fed separately or together through a

plurality of injection zones into the reactor. [0023] In_any of the previous
enbodi nent s, \Wkﬁ]pr eseft any pbths eepodimsnts deseribrdein thisaseetdon, dhg catalyghr i se a
twin screw ex I %ﬁo I i i g&ﬂé n
present, the tss#g?e ){an nggggg#ogé%%ﬁag{d? ’e&g&&&?g‘ﬁ%lrge l%ﬁ(g . [0025] In
any of the pr elesonibed detein)i amenbng onheore pindiwion(s), ¢aok ing feld sépardtely roeact or nmay
conprise a stirrer that skins.polyner. particles and directs the polyner
particles to éogeglé?éilg?u@tﬁﬂhé’iﬂ.lg'[q; %‘]hogﬁo’é‘ﬁWtB%'etrﬁﬁaﬁrr evi ous enbodi nent s,
when present, the stirred tank reactor may conprise a funnel. [0027] In the
previ ous enbodi nent, the funnel may _be positioned_ near or below the surface
of the liquidI[B¥de of iImampel thegweviensiemnpogiseantfywhen present, the plug flow

extruder reactor may comprise a twin screw extruder.

[0024] In any of the previous embodiments, when present, the stirred tank

reactor may comprise a discharge screw.

[0025] In any of the previous embodiments, when present, the stirred tank
reactor may comprise a stirrer that skims polymer particles and directs the

polymer particles to a reactor outlet.

[0026] In any of the previous embodiments, when present, the stirred tank

reactor may comprise a funnel.

[0027] In the previous embodiment, the funnel may be positioned near or
below the surface of the liquid phase of the polymerization medium.

[0028] In any of the previous embodiments, when present, the stirred tank
reactor may comprise one or more axial flow impeller(s), one or more radial flow

impeller(s), or combinations thereof.

[0029] In certain embodiments, the stirred tank reactor, when present, is

absent a mechanical stirrer,



[0020] In any of the previous enbodi nents, when present, the stirred tank
reactor may conprise one or nore axial flow inpeller(s), one or nore radial
flow inpeller(s), or conbinations thereof. [0029] In certain enbodi nents,
the stirredwbamgpemast or, when present, is absent a NMechaGalsnifk{rer- VO
2004/ 067577 PCT/ US2003/ 041221 9 [0030] In any of the previous enbodi nents,
the evaporated polynerization nedium nmay be collected, conpressed,
condensed, and returned to the polynerization nedium [0031] In any of the
previ ous enbodi nents, the polynerization process nmay further conprise the
steps of (a) qa@e}n9 t hen A IR prébihOlmuBashAE, HetBvapcitieR pylyRfdribdtnC 00! ed
pol ynmeri zation mediumto a‘reactor; (c) renoving polynmer “af the reactor
outl et. [0032]meds mayehei enllegtedo compresesd, taondensed,y aed | reairnesh tpr heess
conprising c @ﬁf&iz&% O:ﬁ@di% nore nononers, one or nore Lew s acids and one
or nore initifarors an tne presence of a diluent conprising one or nore
hydr of | uorocarbons (HFC s) in a reactor under polynerization conditions.

[ 0033] In anot enbodiment, .this invention relates to a,process to
brodute poty PG mondheRY 5f BREHION AOCBRERE: 1 PONTROATGLBRERS t he
nonomer (s) andng; Kfies cétfipiisel e lshs M?@%Hbﬁn@fﬂl@p@’/ﬂiéﬁidﬂéﬁrlﬁ&ﬂﬁ:ﬁo@d' | uent,
wherein the Lew's acid is not a conmpound repfesented by formula MX3, where M
is a group 13 supplzing the fopled prdymepigation ordinm forp waetor fpbwmering, polymesri nvent i on
provi des a po'#{ﬁ%rrégc%rioﬁﬂet medi um suitable to polynerize one or nore

y

nmononer (s) to Torma polyner, the polynerization medium conprising one or
nore Lewis acid(s), one or nore initiator(s), and a diluent conprising one

or nore hydrof ocarbgn(s) (RFC s). 0035] .In anot her enbodi nent, the
“vent fon” pr ouDHE 5 o fsahrSe aR0 TSIt e Lol PeRABOR SrseT RSB one. or
nmor e NMoNoNer ( ShnfabtifgOb®8 ar Metey iBhemérBCone or more Lewis acids and one or more

initiators in the presence of a diluent comprising one or more hydrofiuorocarbons

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

[0033] In another embodiment, this invention relates to a process to
produce polymers of monomer(s) comprising contacting, in a reactor, the
monomer(s) and a Lewis acid in the presence of a hydrofluorocarbon diluent,
wherein the Lewis acid is not a compound represented by formula MXa, where M

is a group 13 metal, X is a halogen.

[0034] 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).

[0035] 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 MX;, where M is a group
13 metal and X is a halogen.



pol yneri zati on medi um conpri sing one or nore Lewi s acid(s) and a dil uent
conprising one or nore hydrofluorocarbon(s) (HFC); wherein the one or nore
Lewi s acid(s) is not a conmpound represented by fornmula MX3, where Mis a
group 13 is a hal ogen. WD 2004/ 067577 PCTI U 10
[0036] In g?g?g??e Ténbodinents, t he pol ynerization pro?éggéégéé%a%%dia as
described in any of the enbodi nents above produce polynmers that include

(pol y)i sobutyl ene honopol yners, isobutyﬂgne-isoprene (butyl rubber)

copol ynmers, isobutylene and al kyl styrene copol yners, and star-branched butyl

rubber terpoly . [0037] Boil,in ool reactor system may be used. in

conbi nat i on H{% of i‘hére‘%r&figﬁgﬂ&ﬂ?ﬂtédggﬁﬂﬁme ﬁfoél.Prf’Wé??é]m‘rWegiﬂy of the

af or ement i oneds efeh@ibedBntagy dfftBe REIbYERIhEHEO0E grddaa@%wsetummdnﬂef rom 15C

to -100C, alternativel from-30C to -70C, an alternatively, from-40C to

-60C. [0039] I(H"léi}‘l%PbBFY){‘inﬁe XPBIRAMEMETSo n elfolRiYeRR-9epreRe  t Patyhol WRbEDzat i on
medi um may be t moé&hqﬁ& ) r
absol ute, al tﬁyﬂg%%éfgé?@%eg%%ﬁq rﬂ%r%sol € tog’lﬁgg%%%g‘f}%?éuﬁgnd

al ternati vel y, rubteoterpdyders. absol ute to 1 Bar absolute. [0040] In any of the
af orenenti oned enbodi nents, the polynerization nediummnmay be evaporated at
pressures froml kPa to 400 kPa, alternatively, from 10 kPa to 100 kPa, and
al ternativel y,[0637m 30 BBdidgpobDRRattBosysioRAMbNESusddda4dinbidagen t dnyief a gr aph
of the relati onsgtjwp bet ween iﬁ{mectri c constant and tenperature. [0042]
Figure 2 is a %nﬂ?neéieﬂgé &ss uptake as a function of volune
fraction of hydrofluorocarbon in nmethyl chloride. [0043] Figure 3 is a plot

of peak nol ecul ar wei ght (M) versus nononer
[0038] In any of the aforementioned embodiments, the polymerization

temperature may be from 15°C to -100°C, alternatively, from -30°C to -70°C, and
alternatively, from -40°C to -60°C.

[0039] ~ In any of the aforementioned embodiments, the polymerization
medium may be evaporated at pressures from .01 Bar absolute to 4 Bar absolute,
alternatively, from .1 Bar absolute to 1 Bar absolute, and alternatively, from .3 Bar
absolute to 1 Bar absolute.

[0040] In any of the aforementioned embodiments, the polymerization
medium may be evaporated at pressures from 1 kPa to 400 kPa, alternatively,
from 10 kPa to 100 kPa, and alternatively, from 30 kPa to 100 kPa.

DRAWINGS

{0041] Figure 1 is a graph of the relationship between dielectric constant

and temperature.

[0042] Figure 2 is a drawing of diluent mass uptake as a function of

volume fraction of hydrofluorocarbon in methyl chloride.

[0043]) Figure 3 is a plot of peak molecular weight (M;) versus monomer

conversion of certain inventive polymers as described herein.



conversion of certain inventive polyners as described herein. WO 2004/ 067577
PCT/ US2003/ 041221 |1 [0044] Figure 4 is schematic of a boiling pool reactor
systemutilizing a plug flow extruder reactor. [0045] Figure 5 is schenmatic
of a boilingoReRlsiseAct Or systemutilizing a continuouspeSidab@faizd K
reactor. [0046] Figure 6 represents a vertical cross-section view of a
stirred tank reactor of Figure 5. [0047]) Figure 7 represents a hori zontal
cross-section view of a stirred tank reactor of Figure 5. [0048] Figure 8
represents an alternative enbodi mnent of a boiling pool reactor system
utilizing a continuous stirred-tank reactor. DETAI LED DESCRI PTI ON [ 0049]
Various specific enbodi nents, versions and exanples of the invention wll
now be descri H8844]i ncl uigue prietchematc efrb ddilimgnios] seadtod afstemh tutibiziag at hat are
adopt ed herein fOﬁ ur oodses of understanding the clained invention. For

det ermi ni ng i Y8 %‘gﬁ’étﬁli or Scope of the "invention" will refer to any one
or nore of the appended clains, including their equivalents, and el enents
or limtations that are_ equivalent to those that are recited. [0050] For
pur poses of t HP4SInvent Figuraads sehematia pfa bofisgaros! resstor sysigm atitizing 8t system
refers to and éoﬂﬁﬁ&bﬁ?%ﬁé&yﬁﬂ?ﬁ%&oﬂd d(s) or other netal conplex(es) as
descri bed herein used to catal yze the polynerization of the olefinic
nmononers of the invention, as well as at |least one initiator, and optionally
ot her m nor c st component (s). WO 2004/067577 PCTIL.US2003/.04122 12
100517 1 n*one G ren N8 RN b ACTDr FERaioB T Rar P ATEG Ak red um
sui tabl e to pakyididfFEuee® or nore nononer(s) to forma polyner, the

[0047] Figure 7 represents a horizontal cross-section view of a stirred tank
reactor of Figure 5.
[0048] Figure 8 represents an alternative embodiment of a boiling pool

reactor system utilizing a continnous stirred-tank reactor.

DETAILED DESCRIPTION

[0049] Various specific embodiments, versions and examples of the
invention will now be described, including preferred embodiments and definitions
that are adopted herein for purposes of understanding the claimed invention. For
determining infringement, the scope of the “invention” will refer to any one or
more of the appended claims, including their equivalents, and elements or

limitations that are equivalent to those that are recited.

[0050] For purposes of this invention and the claims thereto the term
catalyst system refers to and includes any Lewis acid(s) or other metal
complex(es) as described herein used to catalyze the polymerization of the
olefinic monomers of the invention, as well as at least one initiator, and optionally

other minor catalyst componeni(s).



pol ymeri zati on medi um conprising one or nore Lewis acid(s), one or nore
initiator(s), and a diluent conprising one or nore hydrofl uorocarbon(s)

(HFC s). In enbodinments related to boiling pool reactor systens, the

pol ymer i zatwonioeoswetsyym al so corrprl Ses one or nore rmnorrqxdﬁ)sw{_,gb%gj I n

anot her enbodi nent, the invention provides a polynerization nediumsuitable
to polynerize one or nore nononer(s) to fHorma polyner, the polynerization
medi um conpri sing one or nore Lew s aci d(s) and a diluent conprising one or
nor e hydrof | uorocarbon(s) (HFC); wherein the one or nore Lewis acid(s) is
not a corrpounotoogqresenqsdodeyeﬁ@a&ﬂﬂeﬁt, Nhé@mvéﬂﬁ@ﬁep%%saa%@%nﬁn%nmt al and
X is a halogen. |n enmpodinents related to boiling pool reactor systems, the
pol yneri zat i orinedietp Fritable to pdypetizeceneonange mnnoeneréh@r@npﬂ POIYIPQ’JOQJ@] The
bhvase, sul t ableRrhdiBoby ol ERBAGRE Sk ool B0 B! JARE) onf SR [0 the
sel ection of merization condrt corrpo en Wi T hi t he
ability of thaariagk(s),land aldllubﬂrtecomsmgmaemmore hydrbﬂmmcdrlxm(@r(éﬂ‘ﬁrspl on of a

desired pon t roc araneters and conpo roperties
described her |?Flb°f4%‘g‘£55f’1@t ﬁsﬁfg EEF”:%%?@ ems,{{ﬁee B’Hfﬁé‘? “Pation
process and m@hlagagompngaggn@@maﬁrm&@mqu) conponents available to

produce the desired polyner attributes. In preferred enbodi nents, such

pol ymers include polyisobutyl ene honnpolyners i sobut yl ene-i soprene (butyl

rubber) copoly , 1S b t ﬁlﬂ%ﬁ% and

st ar - branched @Eﬂ rubglgtéh&thgl?g% yrrers g*gg%iﬁ B u‘gﬁ% ig’rg)g s a difuting or
di ssol vi ng agenediuxmshudﬂtt td polysipze] dnmldtgredmfnonm{sltm forro|auptdyrotretiiecal s t hat
can act as sol vzxm f)r th‘éx Lewi s _.Acid, other r’rE connl exdf; dlf[ nitiators,
nmononers or otHf ung r?o’inﬂgsm%roé‘ﬁtqrc@or(?f ?‘Wé 39 A, SRR i | uent

does not al t erconiigisig e dr Mdk Hydrdlfuofdd@bomE)TIFER twhefdin t}{eeor&oéryxﬁenrel zation
medium i.e., the co&zgonents of the catal yst syste nononers, etc.

However, it i sl6VE8agiS)ieaot Hermpaynd repesspdpd by fary hers Yoisaeemips 77
PCT/ US2003/ 04122 etal 3nd X is a halogen. In embodiments related to boiling pool reactor

* systems, the polymerization medium also comprises one or more monomer(s).

[0053] The phrase "suitable to polymerize monomers to form a polymer"
relates to the selection of polymerization conditions and components, well within
the ability of those skilled in the art necessary to obtain the production of a desired
polymer in light of process parameters and component properties described
herein. There are numerous permutations of the polymerization process and
variations in the polymerization components available to produce the desired
polymer attributes.  In preferred embodiments, such polymers include
polyisobutylene homopolymers, isobutylene-isoprene (butyl rubber) copolymers,
isobutylene and para-methylstyrene copolymers, and star-branched butyl rubber
terpolymers,

[0054] . Diluent means a diluting or dissolving agent. Diluent is
specifically defined to include chemicals that can act as solvents for the Lewis
Acid, other metal complexes, initiators, monomers or other additives. In the
practice of the invention, the diluent does not alter the general nature of the
components of the polymerization medium, i.e., the components of the cataltyst

system, monomers, etc. However, it is recognized that interactions between the



di luent and reactants may occur. In preferred enbodi nents, the diluent does
not react wth the catal yst system conponents, nononers, etc. to any
appreciable extent. Additionally, the termdiluent includes m xtures of at
| east two owonpuame7sth | uents. [0055] A reactor is any conicainibdmiize? Which a
chem cal reaction occurs. (0056] A boiling pool reactor systemis any

pol yneri zation systemthat utilizes a rgactor wherein the pol ynerization
medi umis evaporated during polynerization. [0057] Slurry refers to a

vol ume of diluent conprising nononers that have precipitated fromthe

di luent, nONONBfuent dn@battadts tlay 8&8r. M brefh@l embB@imeitsUiHeMifeRGRBE K&t i on i's
the volune percent of the partially or conpletely precipitated polyners
based on the treaddwithotheneatalyst tshisters| qomppnents gBSjomess, 184k do oy cippreciahls new

ENG NEERI NG NETE™oaiy o (5l Wi e B AES o SlPolele ¥ oo, Vo

honopol ymer s, dilmpmtsyners, interpolymers, terpolyners, etc. Likew se, a
copolynmer may refer to a polyner conprising at |east two nononers,
optionally with other nononers. [0060] Wen a polyner is referred to as
conprising a nppssyer, tbuereaasf\falaﬁyc¢n$aiﬂérﬁ.§ﬁmmmabﬁmealwa€ﬁ5nb&u}sbe
pol yneri zed formof the nononer or in the derivative formthe nononer.
Li kewi se, when catal yst conponents are described as conprising neutral

stable forns e conpp I | ; g%\g isled in the
art, that theolli)ggndljc fo% g?%ﬁgoé%rénﬁgtﬁe tsltﬁnél]%]%gﬁélg{rﬁm lgﬁr}gsetglgt@twith t he
nononers to pruwilizee apodaytoe rveherdif) Ohid | pollsoerizefiom mesdivan sist evaporgted| éfring nonomer
having two substitutions on the sane carbon. WO 20041067577

PCTI US2003/ 04BN 062] Miltiol efin refers to any nonomer having two
doubl e bonds. 100631 El astoner or elastoneric conposition, as used herein,

refers to any . .
[0057] Slurry refers to a volume of diluent comprising monomers that

have precipitated from the diluent, monomers, Lewis acid, and initiator. The
slurry concentration is the volume percent of the partially or completely
precipitated polymers based on the total volume of the slurry.

[0058] As used herein, the new numbering scheme for the Periodic Table
Groups are used as in CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).

[0059] Polymer may be used to refer to homopolymers, copolymers,
interpolymers, terpolymers, etc. Likewise, a copolymer may refer to a polymer

comprising at least two monomers, optionally with other monomers.

[0060] When a polymer is reférred to as comprising a monomer, the
monomer is present in the polymer in the polymerized form of the monomer or in
the derivative form the monomer. Likewise, when catalyst components are
described as comprising neutral stable forms of the components, it is well
understood by one skilled in the art, that the ionic form of the component is the

form that reacts with the monomers to produce polymers.

[0061] Isoolefin refers to any olefin monomer having two substitutions on

the same carbon.



pol ymer or conposition of polyners consistent with the ASTM D1566
definition. The terns may be used interchangeably with the term
"rubber(s)", as used herein. [0064] Al kyl refers to a paraffinic

hydr ocar bonwgressmsydiy ch nmay be derived from an al kane %ﬁﬁﬁ%foﬂﬂzzp”e or
nore hydrogens fromthe formula, such as, for exanple, a nethyl group
(CH3), or an ethyl group (CH3CHz), etc. [00651 Aryl refers to a hydrocarbon
group that forns a ring structure characterlstlc of aromatic conpounds such
as, for exanple, benzene, naphthal ene, phenanthrene, anthracene, etc., and
typically possess alternate double bonding ("unsaturation") within i ts
structure. An aryl group is thus a group derived from an aromatic conpound
by droppi ng on@0&2] nor e Multiolefjr rafers toanytrhenoher heving tvedoubleshonflor exanpl e,
phenyl, or C6H5. [0066] Substituted refers to at |east one hydrogen group by
at | east one substituent selected from for exanple, halogen (chlorine,
bronine, fluorj00e3] or  iBbbtowser or AABBMEriO LomSositivu| a‘zsomsydh&eint otk & aty al kyl

sul fonate), thiogl, alkylthiol n dr ox al ht or, branched
chai n havi ng Polgheser chmpesition @?@m%wms?%&tw&ﬁ?%f Kipfinitigh.opy | |
tert-butyl, i Wt@ﬂﬁiﬁ'ma)} HROREY ﬁltercl?ahﬁeabl ih)é,terﬁf 'rré’th:RE " z%rus@d adeihed Cha' n

al koxy haV|ng | to 20 carbon atons, "and i ncludes, for exanple met hoxy,
et hoxy, propoxy, |sopropoxy, butoxy, i sobut oxy, secondary but oxy, tertiary

but oxy, pentyl [ sopg,ﬂw e W C X onyI oxy,
and decyl oxy; 'ﬁg%{‘gal kyl i srrégngs%at ral g%?ﬁltocyg?lgr% I dwﬁhg‘l }rélmél ¢
having 1 to meemﬁnnamDMbymro@mUthmbmchﬂyo@hs hﬁe&sthecﬁoﬁmlila,l ogen,

d | udes, _f S, ShLRrPIEL Il o t hyl
oot hyl 2. SR PR RGHLe, SRR 3o b B (CHEIER & opr opy!

3-bronDpropyI, 3- quoropropyI 4-chl orobutyl, 4-fluorobutyl,

di chl or onet hyl dlbronnnethyl dlfluoronethyl d||odonethyl
2, 2-di chl or oet 199651 2, 2- d%ru}mf@rﬁetpmhydrszcazqume efaimn? POIE JEROBE/ 041221

15 difl uoroet hyl .3 mm% sﬁcl{iésf F(H.q:;( nzen% ﬂ?ﬂ@mgr obut yl ,

4, 4- dlfluorobutalc trcldé: ororre di f uoro tri chl or onet hyl ,
trifluoronet hylbhenanthrene anthracene, etc., and typlcally possess ajtemate double bonding

("unsaturation") within its structure. An aryl group is thus a group derived from
an aromatic compound by dropping one or more hydrogens from the formula such

as, for example, phenyl, or C¢Hs.

[0066] Substituted refers to at least one hydrogen group by at least one
substituent selected from, for example, halogen (chlorine, bromine, fluorine, or
iodine), amino, nitro, sulfoxy (sulfonate or alkyl sulfonate), thiol, alkylthiol, and
hydroxy; alkyl, straight or branched chain having 1 to 20 carbon atoms which
includes methyl, ethyl, propyl, tert-butyl, isopropyl, isobutyl, etc.; alkoxy, straight
or branched chain alkoxy having 1 to 20 carbon atoms, and includes, for example,
methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, secondary butoxy,
tertiary butoxy, pentyloxy, isopentyloxy, hexyloxy, heptryloxy, octyloxy,
nonyloxy, and decyloxy; haloalkyl, which means straight or branched chain alkyl
having 1 to 20 carbon atoms which is substituted by at least one halogen, and
includes, for example, chloromethyl, bromomethyl, fluoromethyl, iodomethyl, 2-
chloroethyl, 2-bromoethyl, 2-fluorcethyl, 3-chloropropyl, 3-bromopropyl, 3-
fluoropropyl, 4-chlorobutyl, 4-fluorobutyl, dichloromethyl, dibromomethyl,
diflucromethyl, diiodomethyl, 22-dichloroethyl, 22-dibromomethyl, 2,2-



2,2,2-trifluoroethyl, 2,3,3-trifluoropropyl, 1,1,2,2-tetrafluoroethyl, and
2,2,3,3- tetrafluoropropyl. Thus, for exanple, a "substituted styrenic unit"
includes p - nethyl styrene, p-ethylstyrene, etc. [0067] In one enbodi nent,
this inventy s to the use of hydrofl uorocarbon( of
hydrofluoragg?ggﬁkg?gmdth hydr ocarbon(s) and/or chloriAg%g%hwggggggrbon(s)
to produce a polyner slurry which is le prone to fouling (i.e., also
observed nore glass like, less sticky particles in the reaction vessel with
reduced adherence to the walls of the vessel or to the stirring inpeller as

| d i Gl : ' I ' : j ly, thi
Fovent: on rol afaaipebfl S Qidbintd, P8 RIARIAN) A BRRBbLTAR" Y o
bl ends wi th Hhiflnercutidotrichlonathethylc 4 aliflucaotalyliyithlocmmdilnyl, tiflocenethyl,

pol yneri ze an I I.ze, J soolefins w | enes _and/or alkyl.styrenes to
produce i sool ’g%qﬁ”b‘%ﬁ lyﬁe%z'%%wwymrgﬁ%ﬁaﬁugﬁoﬁﬁﬂiMn%@?f”il'educed
react or foul i ngwafiubttpidpl., THuk Sfor exampleOd "stistiubs § eurl#i® €inélhides p-

hydr of | uor ocar bon di luent (s). or diluent blends with hydrocarbons and/ or

chl ori nated hyBetBAsHsHe MFBHERTMS $56| yeri ze  and copol ymeri ze i sool efi ns

wi th dienes to produce isoolefin copolynmers with significantly reduced
reactor fouling and hence longer run life for the reactors, as conpared to
conventional s$86Bns. [ (068ke | embodionérdy thisbdmientdont | relates My dthef sporafcar bons
are used in a  tubular re or. {0 obtain.reduced | yne ceunmul ati.on on the
heat transfer lfygbogﬁmoﬁﬁ%f’a% roédﬁ’}gléd%p&aﬁfgrr(’%&gr&ﬁ%ﬁ&iﬂ %%ﬁyﬁﬁgm*’?ﬂgﬁl l er and
thus obtain | camd®i chilofinatéd hrirodathtnl) td prodineta@ilymeranatywhich isl1es prone

hydr of | uorocarbons, are used jn a_ tubul ar_reactor at higher tenperatures to
produce pol yndPdoing fiehalsp eé&e@fedrwe ghass ke, desp sticky praticlesdnths reastion 15

hours, prefer abkl GG diced Aterenle 1HOHE HallPbEhe Rré%{e%r 1 iiekigfing iRng0 hours,

nore preferably greater than 48 hours than possible wth other "hal ogenated
hydr ocar bons. aspvelbes ralrsy pasticie| toguoidde egglomeration). More particularly, this

invention relates to the use of hydrofluorocarbon diluent(s) or HFC diluent blends

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

compared to conventional systems.

[0068] In another embodiment, the hydrofluorocarbons are used in a
tubular reactor to obtain reduced polymer accumulation on the heat transfer tubes

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

[0069] In another embodiment, the hydrofluorocarbons are used in a
tubular reactor at higher temperatures to produce polymers at much greater run
lengths (such as greater than 15 hours, preferably greater than 20 hours, preferably
greater than 30 hours, more preferably greater than 48 hours than possible with
other halogenated hydrocarbons.



[0070] In another enbodi nent the hydrofl uorocarbons are used in an
autorefrigerated boiling-pool reactor where heat is renoved by evaporation
of the diluent and nonomers m xture to reduce reactor wall fouling, and

agi t at or/ i nwelbfrostsdy! i Nng anong ot her things. [0071] | n aotdd6dsoRisf erred
enbodi nent the hydrofl uorocarbons are used in a polynerization process to

obt ai n hi gher nol ecul ar wei ghts at the sgne tenperature than when ot her

hal ogenat ed hydrocarbons are used. [0072] In one enbodi nent, this invention
relates to the discovery of new polynerization systens using diluents
cont ai ni ng hydr of | uorocarbons. These diluents effectively dissolve the

sel ected catal yst system and nononers but are relatively poor solvents for
the pol yner pri@dTjt. Polly eewthesteimbodigneat s hydrofigoroddilens st | useditis #r e | ess

prone to foulln e to mer at i RO articles each
ot her and thel"‘l11 %%‘ggﬁa’eeﬂﬁ’aﬁmgrg’afmm Yg?ng‘FPtH%FCﬁ%F%bPPﬂaWE{WHPP&- . this
i nvention furtdiRent el &foAdindrd € nift@reOf tol Ne&Redirbatedt Swald fRMnY Tesddzat i on
systens for the preparat|on of high nol ecul ar wei ght polyners —and

copol yners at agifaior/smpsher foyling amprgratherthingh to those pol ynerization
tenperatures using solely chlorinated hydrocarbon diluents such as nethyl
chloride. [0073] In another enbodinent, this invention relates to the

di scovery of [@8¥i]pol ymin ianatheroprefeprsd embodimientgthé hyduofinatoeatbarsi aré atddc

hydr ocar bons capabl di ssol v at yst system . The

pol yner i zat i ons¥ ?PE’ P@Sesﬁeﬁe?]?q@f’;?lgﬁ? ole 'ﬁ?ﬂ FEiEhts ?tuﬁlesame

pol ymeri zatlomemp&aﬁi@mu@%anom&ﬁldgehata@Eyd&ddafHonszubalbeds less prone to
fouling, while permtting dissolution of nonomer, conononer and the

commercially preferred al kyl al um num hal i de catalysts In addition, this

| nvention f“”l’&)ﬁh rel at gg theB:BSd;Hr%ﬁt, ghcopo yn%iaté@% %hef 5co§1 di‘*n%@ar ation

of high nolec wei ght pol yners an ners at | ymeri zation
t enper at ur es Héymmaomdystmwdsmgedﬂmaﬁlmta&ysg élurdroﬂgomgarbmsel yhesel or i nat ed

pé_cli_; ?Jgg(r) 88/”0 4lcghxfente%ecszttljvce y Sssoq\'raet E’l\él selecte tgﬁlst syste%:ogrfd émers but are

relatively poor solvents for the polymer product. Polymerization systems using
these diluents are less prone to fouling due to the agglomeration of polymer
particles to each other and their depositing on polymerization hardware. In
addition, this invention further relates to the use of these diluents in
polymerization systems for the preparation of high molecular weight polymers
and copolymers at equivalent to or higher than to those polymerization
temperatures using solely chlorinated hydrocarbon diluents such as methyl

thoride.

[0073] In another embodiment, this invention relates to the discovery of
new polymerization systems using fluorinated aliphatic hydrocarbons capable of
dissolving the catalyst systemn. These polymerization systems are also beneficial
for isoolefin slurry polymerization and production of a polymer slurry that is less
prone to fouling, while permitting dissolution of monomer, comonomer and the
commercially preferred alkylaluminum halide catalysts. In addition, this
invention further relates to the use of these diluents for the preparation of high
molecular weight polymers and copolymers at higher polymerization temperatures
as compared to polymerization systems using solely chlorinated hydrocarbon

diluents such as methyl chloride.



17 [0074] In yet another enbodinment, this invention relates to the
preparation of isoolefinic honopolynmers and copol yners, especially the

pol ymeri zation reactions required to produce the isobutylene-isoprene form
of butyl rubbabesaps77 i sobutyl ene-p-al kyl styrene copol ymycsyydyhisRsi221
particularly, the invention relates to a nethod of polynerizing and

copol ynerizing isoolefins in a slurry gl ymeri zation process using

hydr of | uor ocar bon di |l uents or bl ends of "~ hydrofl uorocarbons, and chlori nated
hydrocarbon diluents, |ike nmethyl chloride. [0075) In another enbodinent,
the pol ynerization systens of the present invention provide for

copol yneri zing an i sononool efin having from4 to 7 carbon atons and

par a- al kyl styrl@ﬂ\'@]nononémsetamthmmbﬂdm thistilventiqn relatesrte the megrodionent  of

t he i nvention, .t m uces co S cont ai bet ween. about 80
and 96,6 we . REcPORIFHH SRURERHES Rl @rt TBisT  RRrRAL A% ep s Eicdo: 0.5
and 20 wt. 9% qactibss tbqﬁﬂe@fd(pfo&ﬁc)érthﬂisobut?hn V\Eﬁhafdﬁﬁ oy bty fubber- andn

accordance w t,h anot her enbodi nent, however re glassy or plastic
materials ar dS¢W| Sﬁj‘ @gﬂé‘&?ﬂﬁymmmt?‘@%%%‘? ulartys thedpgentigpmlatesld bet ween

about 10 and () f b n t 0.5 and
90 wt. % of thaggmg%ﬁrﬁ% g?/kgé ;bll‘r?zelirl] %ﬁc%ﬁoﬁcg@%ngﬁgﬁgygng plfl)1376] In a

preferred errbmﬁm’mm spionesentusing rhyfimflserocarben pdideests oo blendsduefe

pol ynmers of cyf tyd?o %%?&OI%X{&IJ,%&(%@HHP %g%%&ﬁden%"ﬁﬂ?“osth%hlqrﬁdét acting, in

a reactor, the nrtra presence
of an HFC dlluent at a tenperature of 0C or |lower, preferably -10C or

| ower, prefer 20C | ower, pr.efera aor | ower r ef erabl y -40C
or |ower, ﬁﬁﬂbl y - g’@@‘?ﬂml Fhmeﬁ'F ég"eg%lwlzaﬁﬁ’é:swe’?%ﬂg ¢ e er abl y
-70C or | Omrmvd?lheﬁ ﬁfoﬂrﬂiefor BRA isoRIRbSIERR hivindR6mar toh%%on
preferably:-100C or " | owver, pre rably fromOQOC to the freezing p0| nt of the

pol ymer i zat i orfterasiiand, pargradleyisiyendqnefomesnt IhRcAeHEnser Withy By Peeferad
2004/ 067577 P%bgﬁe%%/ & h?ez%nveﬁﬁon, the system produces copolymers containing

between about 80 and 99.5 wt. % of the isoolefin such as isobutylene and between
about 0.5 and 20 wt. % of the para-alkylstyrene such as para-methylstyrene. In

- accordance with another embodiment, however, where glassy or plastic materials
are being produced as well, the copolymers are comprised between about 10 and

.99.5 wt. % of the isoolefin, or isobutylene, and aboﬁt 0.5 and 90 wt. % of the
para-alkylstyrene, such as para-methylstyrene.

[0076] In a preferred embodiment this invention relates to a process to
produce polymers of cationically polymerizable monomer(s) comprising
contacting, in a reactor, the monomer(s), a Lewis acid, and an initiator, in the
presence of an HFC diluent at a temperature of 0°C or lower, preferably -10°C or
lower, preferably -20°C or lower, preferably -30°C or lower, preferably -40°C or
lower, preferably -50°C or lower, preferably -60°C or lower, preferably -70°C or
lower, preferably -80°C or lower, preferably -90°C or lower, preferably -100°C or
lower, preferably from 0°C to the freezing point of the polymerization medium,

such as the diluent and monomer mixture.



Mononers and Pol ymers 100771 Mononers which may be pol ynerized by this
system i nclude any hydrocarbon nononer that is polynerizable using this
invention. Preferred nmnononers include one or nore of ol efins,

al pha- ol ef iwe.20fjogmbsti tuted ol efins, isoolefins, conjugatede@iedss:
non- conj ugat ed di enes, styrenics and/or substituted styrenics and vinyl
ethers. The styrene may be substituted (gn the ring) with an alkyl, aryl,
hal i de or al koxi de group. Preferably, the nononer contains 2 to 20 carbon
atons, nore preferably 2 to 9, even nore preferably 3 to 9 carbon atons.
Exarrpl es of prgh E&Qaﬂﬁqg@gmi ncl ude styrene, para-al kyl styrene, para-
nmet hyl st yr ene, 7{% = yrene, divinyl benzene, diisopropenyl benzene,
i sobutyl ene, 2-mnet hyI -I -but ene, 3-nethyl-I-butene, 2-nethyl-2-pentene,

i soprene, but dlneth 1, 3-.but adi ene,. . 13: pDi hene,. cene,

6 6ra et hyl -0 Uine. B wtich ol SRR oY BRI vy
ether, ethyl \Myﬂrdcambﬁahon@m thas O pblymenizabld usihp ethisaindedtion. | Pleferrdfbnomer
may al so be conbi nat i nore _nmonQmners. Styrenlc bIock copol yners

0 of two or
may al so be usl'éﬂ“’én%m‘}i‘@ﬁs"ne B BOEY P%Bleﬁpﬁﬁp@oﬁﬁﬁ%ﬁ%‘b e @letdgnol yer s
of styrenics, Méﬁn@sc ilrygaﬁeﬁ%enepa}foﬁ-c'gﬁﬁlgﬁe@g%ﬁ&nﬁm&hdg%gﬂ}a%%{lﬁﬁeﬁrene and

4 to C30 diolefins, I soprene,” butadi ené, “and th
Particularly mtje‘ﬁlacsrm vinyloatiears. c Shbityegnicomay b s\lbsmtd@dﬁn theaing) pithrea and

par a- net hyl st obut Ie h | ymers of
| sobut yl ene. é‘&* Ee 5&3? ?S%%aﬁlﬁhglﬁgﬁ%nqn}%l B%angqog%t hat are
(C:]at :c onically p@kbblﬁmtdlﬂﬁbic&e g&fdelﬂsz I2Itb®devem xﬁated Ipﬁfﬁll@b]@(ﬁ wretariai atoms.of y

efins I C vent or Jo Iﬂe ne W1 ey tersci ence, New Yor
1975. I\/bnoner]j:s"ﬂPWiqsud)ré} ‘Fr%#wo?\léﬁ“stph’&t‘a &nll?,aé‘?fi@ylﬁ rP¥pl e, such
as those nonogBhgistyRat, adlﬁaacxﬁaﬁﬁl &tyRénes t @RinyibehABe &ﬂbﬁr@ﬁen?lbeﬂieﬁ@agat' ng
center because the nononmer contains an el ecfron donating gr oup. For

det ai | ed di scuiseiusfenss 2-methyldriyuensad-mefhyl-d-hutengstmedwl-2aenteng, ésoprene,

It brsci ence, Newiver 3 2imey Gl hifins OB el BRgpER e &

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 C4 to Csp diolefins, such as
isoprene, butadiene, and the like. Particularly preferred monomer combinations
include 1) isobutylene and para-methyl styrene 2) isobutylene and isoprene, as

well as homopolymers of isobutylene.

[0078] Additionally, preferred monomers include those that are
cationically polymerizable as described in Cationic Polymerization of Olefins, A
Critical Inventory, Joseph Kennedy, Wiley Interscience, New York 1975.
Monomers include any monomer that is cationically polymerizable, such as those
monomers that are capable of stabilizing a cation or propagating center because
the monomer contains an electron donating group. For a detailed discussion of
cationic catalysis please see Cationic Polymerization of Olefins, A Critical
Inventory, Joseph Kennedy, Wiley Interscience, New York 1975.



19 [0079] The nononers nmay be present in the polynerization nmediumin an
anount ranging from75 wt%to 0.01 wt% in one enbodi nent, alternatively 60
wo%to 0.1 wt% alternatively from40 t%to 0.2 % alternatively 30 to

0 S W% avbesaeisyely 20w %to 0.8 w% alternatively peieishée@/iady W% to 1
w%in another enbodinment. [0080] Preferred polyners include honmopol ymers

of any of the nononers |listed in this §$ct|on Exanpl es of honopol yners
i ncl ude pol yi sobutyl ene, polypara-nethyl'styrene, polyisoprene, polystyrene,
pol yal pha- net hyl styrene, polyvinyl ethers (such as pol ynet hyl vi nyl et her,

O sobut yi end OB ! e HorbhiEisihey e AR, Rinfen ARol ARARAPRAT® T 00
I'n ;)ne ent)(ﬁgl r;\m_mttunngingrﬁndnyﬂémP/atceO plen%mcbd&yemmm%n;?ael?mmoﬂprmner
?o)r(rplcj);\ght such %Pq g&b‘{a’i‘t)&'ﬁﬂt Hﬁi’%omaim(%l (L:? “&p/‘"@ﬁ ek?'g%\%BSEene

nonomer  coNPGieE)talterhbveld 2B 194 1010.8 SwtdeDalerhARE and ooy D5 tx@%%lwl% by

wei ght of the total conmononmer m xture in one enbodinment, 85 to 99.5 wt% in
anot her enbodiangther empqdispent. anot her enbodi ment the i sool efinis in the range
of 92 to 99.5 w/o0. The conjugated di ene conponent in one enbodinent is

present in the conmononmer mxture from30 to 0.5 w% in one enbodi nent, and
from15 to 0. 00800 i n Pawfm@polyntredhdminﬂlombpolymersauf@nhefﬂemhmdmﬂmnt, from

8to 0.5 W% f the cormmpnoner X1 conuate.d di.ene, .The to C6
o0l of - rmy 00l U5F ST Japiplot ReSBlnaR Jheiiud ipidbin e,
3-methyl - | - bUtpﬁDﬁ)arame?hwken% bpél?iﬁ@preﬁldpolﬂst@ﬁhawpdlydlaﬂﬁt-xﬂétﬁylstﬁtﬁe

mul tiolefin nay be a C4 to Cl4 conjuygated di ene such as |soprene

but adi ene, 2, P iﬁghe181ﬂ§hwapamwwme%rn@whﬂw&@ﬁ@r 6, 6-

dinethyl-fulvene hexadi ene, cycl opent adi ene and pi peryl ene. One enbodi nent
of the butyl rubber polyner of the invention is obtained by reacting 85 to

99.5 w % of 888t yl endrefenred n@lymorsGl® inelodd eapolyaress obl) isgbutdenstandg 95 to
99.5 Wt % | sob taﬂﬁaﬁe% tanE) ﬂo%y/féﬁeangl?@%é’ i soprene in yet another

enbodi nent .

[0082] In one embodiment butyl polymers are prepared by reacting a
comonomer mixture, the mixture having at least (1) a C4 to Cs isoolefin monomer
component such as isobutene with (2) a multiolefin, or conjugated diene monomer
component. The isoolefin is in a range from 70 to 99.5 wt% by weight of the total
comonomer mixture in one embodiment, 85 to 99.5 wi% in another embodiment.
In yet another embodiment the isoolefin is in the range of 92 to 99.5 wt%. The
conjugated diene component in one embodiment is present in the comonomer
mixture from 30 to 0.5 wi% in one embodiment, and from 15 to 0.5 wt% in
another embodiment. In yet another embodiment, from 8 to 0.5 wt% of the
comonomer mixture is conjugated diene. The C4 to Cg isoolefin may be one or
more of isobutene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene, and
4-methyl-1-pentene. The multiolefin may be a C4 to Cy4 conjugated diene such as
isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, B-pinene, myrcene, 6,6-
dimethyl-fulvene, hexadiene, cyclopentadiene and piperylene. One embodiment
of the butyl rubber polymer of the invention is obtained by reacting 85 to 99.5
wt% of isobutylene with 15 to 0.5 wt% isoprene, or by reacting 95 to 99.5 wt%
isobutylene with 5.0 wt% to 0.5 wt% isoprene in yet another embodiment. The



WD 2004/ 067577 PCT/ US20031041221 20 followi ng table illustrates how the
above-referenced wt % would be expressed as ml% W %IC4 nmol "/o ICA w %
o- ICS" Mol BC5 70 73.9 .5 .4 85 87.354.2 92 93.386.7 95 95.9 15
12.7 99.5 W82604867s26.1 a. | CA - isobutylene b. IG5 - iRGPiShRok@R9B83] This
I nvention further relates to terpolyners and tetrapolynmers conprising any
conbi nati on of the nononers |isted abov Preferred terpolyners and
tetrapol yners include polyners conprising isobutylene, isoprene and

di vi nyl benzene, polymers conprising isobutyl ene, para-al kyl styrene
(preferably SN SO ¥ %[TB{' '
cyclopentadieﬁ%ﬁéﬁﬁggﬁﬁﬁg%%ﬁe, éﬁgﬁ%§$g§fﬁy §?€9§ﬁgﬁ%%kg eré%%%g%granethyl
styrene), polynedls of isobutylene cyclopentadi ene and isoprene, polyners
conprising cycl opentadi ene, isobutylene, and nethyl cycl opentadi ene,

pol ymers conpri sing isobutyl ene, paranethylstyrene and cycl opent adi ene.

Lew s acid [QU84] Jn a.prieferred ofI mengt 5§ LF rd (also referred to
as the co-i nltlég‘té’rr}(gr? cfat Qfﬁ’ﬁf'ﬁﬂgy béViafty Pewi smﬁ?@}“rﬁ‘égj on netals from
Goup 4, 5 [I37 IZ and Ip of I.ne Perjodic Jable pt the erements, including
boron, al um num agl [iu i nd 3u?n titani un? Zi rcpni um-4ti n, yanadi um
arsenic, anti ; SOt One pRittegd 1T tpg art Wit fecogni ze that
some el enents are Bétter fsuitet-30 20p4/ 067577 PAT/ US268683/ 041021 21
92 93.3 8 6.7
95 95.9 15 12,7
99.5 99.6 30 26.1
a. IC4 - isobutylene
b. IC5 - isoprene
{0083) This invention further relates to terpolymers and tetrapolymers

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

paramethylstyrene and cyclopentadiene.
Lewis acid

[0084] In a preferred embodiment the Lewis acid (also referred to as the
co-initiator or catalyst) may be any Lewis acid based on metals from Group 4, 5,
13, 14 and 15 of the Periodic Table of the Elements, including boron, aluminum,
gallium, indium, titanium, zirconium, tin, vanadium, arsenic, antimony, and

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



in the practice of the invention. In one enbodinent, the netals are

al um num boron and titanium wth alum num being desirable. Illustrative
exanpl es include AICl13, (alkyl)AlCl2, (C2H5)ZAId and (C2H5) 3A12C13, BF3,
Snd 4i Ti Chgo 2bdagrs7particul arly preferred enbodi nent, BigasoddRlizkhe chosen
Lewis acid. [0085] The G oup 4, 5 and 14 Lewi s aci ds have the general
formula MX4; wherein Mis Goup 4, 5 o 14 netal; and X is a hal ogen

i ndependently selected fromthe group consisting of fluorine, chlorine,
brom ne, and iodine, preferably chlorine. X may al so be a psuedohal ogen.
Forthe pur POSE SO braficSof Y §iehfibh, 2flond BindiLaES bl wrd aflARa! 0gen i s
defined to be an azide, an Isocyanate, a thiocyahate, an 1sothiocyanate or
a cyani de. Norborémand titgrismawijth elmimoh beiieg deditablei GHwsiretivaetampldsdesiude t ani um
tetrabrom de, adi r re,  ti t.e hi,er i de~and. zi r coni um
tetrachl ori de.m’eq@&%@?’a@h%ﬁ ?Q&%H%%ggh’bgs g’l‘%@’ ilbcﬁt’ai R %ore than
one type of hglagtitelurly¥eetetrédhbodgmentBP) if fiot the thodén Léwik agidum brom de
trichloride, titaniumdibrom de dichloride, vanadiumbromde trichloride,
and tin chloride trifluoride. [0086] Goup 4, 5 and 14 Lewi s acids useful in
this inventionopgs alsoTrBGus R ANV Gwil A hdve M PRl fontlindky M1 s

Goup 4, 5 or 14 netal; wherein i's a nonoval ent hydrocarbon radi cal

sel ect ed from whaseigM ipGoapst, §t omlf wetalband X is@ilzlegen yndependently selgcked| ky| |

al kyl aryl and cl.poal kvl radical ss~and n.ks.an, i nt. r,.fr.om 0,.4;: Xis a
hal ogen i ndepeﬁu‘%@n T §r O\é‘g|°g@$§et§1%f°§’0ﬂn‘?’ t"g‘%’ %‘?’%ﬂ%’ Ercc))%lsn?egteafl %do%ﬁe, F&?ftﬁrgpls’ne,

chl ori ne, br ondhiineaXdnayoslscbe a psueliehabdpey. Bbd the ipufposes ofadis adventidieand

psuedohal ogen.  For .t he purposes. of this_ inhvention and, the clains thereto
pseudohal ogen th ci"é‘F'F ﬁ’é‘g_etf’opsﬁ%‘?"gﬁb&% bsefietﬂ?‘?sité’o‘&%é"?’é‘?’ 8 08 ndt e, an
i sot hi ocyanat ehRicyshafey ali H6thiokPmateebiMa” @arida! KWon-liuffifg exhples indhdeal

containing both aliphatic and aromatic structures, the radical being at an
al kyl positi ortitaniy@ tetegchloridp .k ytitepiym" tetesbromide,o vanadivn c d¢trachbleride.nitilg bot h
al i phatic and ' 4 I a) [ . BSSi tion.
Non-limting etggrrp eggg‘}l&%#ebgﬁelﬂﬁ Eewl{sl&g% S@Gi nc?lgg"eﬂg’é%g%%ﬁsﬁ{%#um
tichloride, didenzgitaintaoieuthrudiont|tgpe df halopennz Wontingiting Lexamples hhcludede,

di-benzyl zi rcont U gl Boie” SiontbRad ithnib @ dib¥mide dichloride, vanadium bromide

trichloride, and tin chloride trifluoride.

[0086] Group 4, 5 and 14 Lewis acids useful in this invention may also
have the general formula MR X4 ,,. wherein M is Group 4, 5, or 14 metal; wherein
R is 2 monovalent hydrocarbon radical selected from the group consisting of C; to
Cyz alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl radicals; and » is an integer
from 0 to 4; X is a halogen independently selected from the group consisting of
fluorine, chlorine, bromine, and iodine, preferably chlorine. X may also be a
psuedohalogen. For the purposes of this invention and the claims thereto
pseudohalogen is defined to be an azide, an isocyanate, a thiocyanate, an
isothiocyanate or a cyanide. The term "arylalkyl" refers to a radical containing
both aliphatic and aromatic structures, the radical being at an alkyl position. The
term "alkylaryl" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an aryl position. Non-limiting examples of these
Lewis acids include benzyltitanium trichloride, dibenzyltitanium dichloride,

benzylzirconium trichloride, dibenzylzirconium dibromide, methyltitanium



WO 2004/ 067577 PCT/ US2003/ 041221 22 trichloride, dinethyltitanium
difluoride, dinethyltin dichloride and phenylvanadiumtrichloride. [0087]
Goup 4, 5 and 14 Lewis acids useful in this invention may al so have the
general f Okyglh@eddsB¥d "R mX4{mt"); wherein Mis Goup 4, ,exaRiedtad et al
wherein RO 1s a nonoval ent hydrocarboxy radical selected 1Trrom e group
consisting of Cl to C3o al koxy, aryl oxy2 aryl al koxy, al kyl aryl oxy radicals;
R is a nonoval ent hydrocarbon radical %elected fromthe group consi sting
of G to Cl2 alkyl, aryl, arylallcyl, alkylaryl and cycl oal kyl radicals as

defined above;.n . is an ..integer .from0Q ta.4 and s an Lnteger fromO to 4
such t hat the%‘@rﬂ‘@ﬁ n d&W&&WPq%%mmﬂot dP%ﬂ“Bd?’haﬁuﬂgt}’ﬂ%‘Ps glq}i'iaqr%ﬁenang

i ndependent | y ph&lyReh&ffurh H9¢RIdAR. 9roup consisting of fluorine, chlorine,
brom ne, and i1odine, preferably chlorine. X may al so be a psuedohal ogen.
For the purposes of this invention and the clains thereto pseudohal ogen is
defined to be zi de, gy n ' {8, | q{?i anate or
a cyani de. Fopﬁit%@ purposeg %?’C%ﬁ ?lﬁﬁv\‘/’igna{c%agﬁg&gggi S slﬁggglolﬁn hg@/art woul d
recogni ze t hahavehthetgeneml dbrkmiay MRO)R' YK Qu) suhereit Midd Gradp 4qgfii oralents to

al koxi des and_phenaxi de espectively. The term.arylalk " refers to a
radi cal cont E%F??’n‘gheﬁ?ﬁ‘ E{(;}Si 8’1“?"@1%8%@‘15?“3’3’8?‘? Eadé‘iaﬁ g@?ﬂ?dgégmt%grf’%i cal

bei ng at an akéficing BPE) ké OF; allldds, b§ldXy. ﬂ?riﬁﬂioﬁﬁyélﬁylé@i&&%adi_@alﬁ R'agly cal
containing both aliphatic and aromatic structures, the radical being at an

aryl oxy posi t menovalg hyflrerarber radicah selected fem tthe group cppsistimgiaf Ciitadhiude

met hoxyti t ani righ hde, ' ' i £h ' ol

di (i so%r opoxyyttpﬁ’ <'§11|E?’iq Uéﬁ?%l aél?yﬂﬁf‘&ﬁé%%o}%%ll k‘%ﬁ%%smz& (?e(rﬁlglgt?gbn?vgé’,z 1S an

phteRylhnet P(r)]xy'nittg@ogrpmm tord zﬂdmrisijaiﬁ'ntegm‘lcﬂ'gm Onet hmh/ﬂlatthm@smlepnmhilnds | ge,

nme net nox I n di I e en S r Xyyvanadl um I cnhl.ori ae.
[0088] Group 9% 8ot ihanyd; X 85 Gelcem pidebendefily pelése Hom e @opR O8I s have
the general f of Aubrind)/cilerifé) tabiniédardibtine, pofkAIN cibiife. X ai4h abso e aOr 14

metal ; wherein RC=00 is a_nonoval ent hydraqocarbacyl radical selected fromthe
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-
butoxytitanium trichloride, di(isopropoxy)titanium dichloride, phenoxytitanium
tribromide, phenylmethoxyzirconium trifluoride, methyl methoxytitanium
dichloride, methyl methoxytin dichloride and benzyl isopropoxyvanadium
dichloride.

[0038] Group 4, 5 and 14 Lewis acids useful in this invention may also
have the general formula M(RC=00);R'nX4.(m+n); wherein M is Group 4, 5, or 14
metal; wherein RC=00 is a monovalent hydrocarbacyl radical selected from the
group consisting of C; to Cjp alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals; R' is a monovalent hydrocarbon radical selected from
the group consisting of C; to Cy2 alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl



group consisting of C2 to C3o0 al kacyl oxy, arylacyl oxy, aryl al kyl acyl oxy,

al kyl aryl acyl oxy radicals; R is a nonoval ent hydrocarbon radical selected
from the group consisting of C to Cl2 al kyl, aryl, arylal kyl, alkyl aryl
and cycl oal 4/ 067577 PCT/ US2003/ 041221 23 radi fined
above; n isﬁ%ﬂowﬁég’gr fromO to 4 and mis an integer #’?gh{%@%@gﬂgﬁ such
that the sumof n and mis not nore than 4; X is a hal ogen independently
sel ected fromthe group consisting of fl%orine, chlorine, bronine, and

i odine, preferably chlorine. X may al so be a psuedohal ogen. For the

pur poses of thi I nvention and fhe clains thereto pseudohal ogen is defined
to be an azi a&adis asideBpsd shav, = 1 aniteRsy ARE L1o 4R 0% #) e 0dp a
cyani de. The ek thapind! bkt Aeyd myiaotnﬁ&%rt&nhg Jgisré‘ﬂélﬁ HAGHeAdGRDI bot h
aliphatic and aromatic structures, the radical being at an dllacyloxy
posi tion. The seleeted from Kyl gropp aropsisting' off vasing, chlodng,abfomine, @odtieding,ng bot h

al i phatic and i tr t he Lcal bei t an aryl | oxy
posi tion. Nonﬁ%rg@&n%berf?ghp%lc%g %be t{ehaeggeu%goevmo eg'ci#(}g tﬁeng}]?asees of ¥

acet oxyt it ani umehtiors ahd thed elainie thefeyd peeudotmlogen ik rdefinedvtalde an azide, an
benzoyl oxytitaniumtriflyoride, isopropgoyloxytin trichoy,ide, t hyl

acet oxytitani WW@W? ofi g’é“giﬁ’&ﬁ%gﬁ?ﬂ”ﬂ’é%ﬁ%x%%aﬂﬁ%chl § d€Tm[ 0089]
Goup 5 Lews 'ﬁlaﬁm@ﬁﬁy* rbferd B § aBNANEdRAniARYboth SBpRAE ald GronBigBer al
formul a MOX3; erein"Mis a Goup 5 netal; wherein X'is a hal ogen

i ndependent | y stratteres.e dhe r madicahebejnpupt camsalkyiacylgxpf positien.i neThechleomni ne,

brom ne, and . @di ferabl y chlarin . - LA i ex l e .S

vanadi um oxyt ?@%ﬁﬂgarcyg)g [IJUJU}/O ?hrga@og%l%ﬂggbvﬂ%%%’b%% %@%mealuﬁ this

i nventi on havetridiaregj@heradical beigratian aliasylospgiogition. MNos-lanifhg exumbksoft al and X
I's a hal ogen i depindently sel ected fromthe g;_otﬁgdé:on I st of, fluorine,
chlorine, broffsie, LeWH iasifisndncluds; acetoxyfigniug Srighar ZIEEHPIHED o
psuedohal Ogen-uil'frﬁﬁmi&el;'%eﬂéb?%gﬂﬁnﬁfn trffiuridd, WVGREPITL:3AA tHiBfosdedini®hyf her et o
pseudohal ogen is defined fo be an azide, an 'isoCyanate, a thiocyanate, an

i sot hi ocyanat aceexyditanjuem divhloride and berizyl hegzaylaaypnadium chloride.

[0089] Group 5 Lewis acids useful in this invention may also have the
general formula MOX;; wherein M is a Group 5 metal; wherein X is a halogen
independently selected from the group consisting of fluorine, chlorine, bromine,
and iodine, preferably chlorine. A non-limiting example is vanadium
oxytrichloride.

[0090] The Group 13 Lewis acids useful in this invention have the general
formula MX;; wherein M is a Group 13 metal and X is a halogen independently
selected from the group conmsisting of fluorine, chiorine, bromine, and iodine,
preferably chlorine. X may also be a psuedohalogen. For the purposes of this
invention and the claims thereto pseudohalogen is defined to be an azide, an
isocyanate, a thiocyanate, an isothiocyanate or a cyanide. Non-limiting examples
include aluminum trichloride, boron triflucride, gallium trichloride, and indium
trifluoride.

[6091] Group 13 Lewis acids useful in this invention may also have the
general formula: MR;X3., wherein M is a Group 13 metal; R is a monovalent
hydrocarbon radical selected from the group consisting of C; to Cy; alkyl, aryl,



i nclude alum numtrichoride, boron trifluoride, galliumtrichoride, and
indium trifluoride. [0091] G oup 13 Lewis acids useful in this invention
may al so have the general formula: MR'X3." wherein Mis a Goup 13 netal; R
IS a nonov ocar bon radical selected fromthe ting of
Cl to Cl12 yf%“@r‘?lr WO 2004/ 067577 PCT/ US2003/ 0412219&2&9’ &F‘;lllzil

al kyl aryl and cycl oal kyl radicals; and | Is an nunber fromO to 3; X |s a
hal ogen i ndependently selected fromthe @roup consi sting of fluorine,
chlorine, bronine, and iodine, preferably chlori ne X may al so be a

psuedohal ogen. f.this | nvenI I on he cI t hereto
pseudohal ogen a.pgﬁ%%lf #E@G&FS&)‘P fﬁﬂ(ﬂ;&g and it i ap F’e%ma Ottﬂl otyaflate, an

i sot hi ocyanat @aRgerdifdypeiideily Selldtedt ﬁé@th@@du@'d@ﬂélsnﬂgeéﬁﬂﬁoﬁﬂ% ahlbAsk, cal
contai ning both aliphatic and aromatic, structures, the radical bei’ ng at an

al kyl posi ti ofbrontine andripding,| nrgferabl ohloriee X may also beaaipsuadobalegeni oy bot h

al i phatic and , sition.
Nont 1/ 1 ng. Eapeses of bl iR and B G st ToABORIpER is Aedicas

di chl ori de, mierapl @idﬂmdﬂmyhmtcl, enhi;ieyanmnzryisaﬂunuymm dr ehiyenidele The

I sobutyl gal | i ym di,ch yl al um num chl de,. .di.ne | al um num
chloride, ethy?d uff¥ e égfﬁl F‘%ﬁf@fn ﬁﬁwga%ﬁm R{WH Egsﬂﬁyw fde,

timet hyl al um ruGetames the ﬁdh:iﬂ Eémgmmrmkﬂ%aabn GI‘BMtbniﬁ'aLl@ " psferd o Wseful in
this invention ngpi al so, have the general forrmula MRO"R mX34mtn); wherein

Mis a Goup Tafiescantainiggchath ﬁhﬂ@uc iand gromatis snetites e redical thsing at 2B cal
sel ected f roma}?h% oftti pNGz?ﬂ%t?ﬂaq é?c_gm%fes G the& Le%?af}&i(fﬁél\ﬁ egﬂagi
y I cal s car on radi cal

aryl al koxy, Iary oXy ra ; I's a nonoval ent
sel ect ed fr omdidhorigleoupmethyblwninng of diGdonids, Clbexaztyla}minarwl dichloxidleal kyl |

al kylaryl and,c r d flned ab [ er from0 to
3 and mis an ?%H%g%ah’f"%bm‘%ﬂ &adjﬁ saﬁpf éﬁ%‘%ﬁ’ f%y%%t nor e
than 3; X is chloide Og&hylhndﬁﬂmd%ﬁdu}thkﬁideﬁ ﬁﬁtlfylemmlinbﬁx gk&xqpicklonigd, st i ng of

fluorine, chlqgrine,_ brom ne d.i odj ne referably chlorine. X may al so be
au | t:r?mI Imnmumandtnegnyl | P y ! y ars

[0092] Group 13 Lewis acids useful in this invention may also have the
general formula M(RO)nR'nX3.(m+n), wherein M is a Group 13 metal; wherein RO
is a monovalent hydrocarboxy radical selected from the group consisting of C, to
C;0 alkoxy, aryloxy, arylalkoxy, alkylaryloxy radicals; R' is a monovalent
hydrocarbon radical selected from the group consisting of C; to Cyy alkyl, aryl,
arylalkyl, alkylaryl and cycloalkyl radicals as defined above; # is a number from 0
to 3 and m is an number from 0 to 3 such that the sum of » and m is not more than
3; X is a halogen independently selected from the group consisting of fluorine,
chlorine, bromine, and iodine, preferably chlorine. X may also be a
psuedohalogen. For the purposes of this invention and the claims thereto
pseudohalogen is defined to be an azide, an isocyanate, a thiocyanate, an
isothiocyanate or a cyanide. For the purposes of this invention, one skilled in the
art would recognize that the terms alkoxy and aryloxy are structural equivalents to
alkoxides and phenoxides respectively. The term "arylalkoxy” refers to a radical
containing both aliphatic and aromatic structures, the radical being at an alkoxy
position. The term "alkylaryl" refers to a radical containing both aliphatic and
aromatic structures, the radical being at an aryloxy position. Non-limiting

examples of these Lewis acids include methoxyaluminum dichloride,



psuedohal ogen. For the purposes of this invention and the clains thereto
pseudohal ogen is defined to be an azide, an isocyanate, a thiocyanate, an
i sot hi ocyanate or a cyanide. For the purposes of this invention, one skilled

in the artw(g\%!‘/g?.,é%cpgni ze that the terns al koxy and af};ﬁé‘%%o%ﬁzﬁ”ucwr al

equi valents to oxi des and phenoxi des respectively. term “aryl al koxy"
refers to a radical containing both aliphatic and aromatic structures, the
radi cal being at an al koxy position. THé term"alkylaryl" refers to a
radi cal containing both aliphatic and aromatic structures, the radical

bei ng at an aryl ox psition., Non-liggtin ex | es. of, these Lew s acids
i ncl ude met homg}i‘ﬁﬂﬁ‘l‘% éﬂ‘fhéﬁ‘rf‘.@e, 2%&‘2'6’82‘?/“5'& 9"@%00&@&?@?; 25
et hoxyal um numh&h&y! letiflfatumintad chlbRAd j@,@&ﬂk&ﬁ@%ﬁa{o‘:&?‘ Ry BhERhani de,
met hoxy met hyl al um num chioride, 2,6-di-tert-butylphenoxy nethylal um num
chloride, i soshlosidsyisprronosgaliiun dishlogde an@hsnmytgmmgmiﬂwndﬁm fl uori de.
[0093] G oup 13 Lewis acids useful in this invention may al so have the

general formula MRC=0O fR nX3{mtn); wherein Mis a Goup 13 netal; wherein
RC=00 i s a norjo8@]ent hyiowgc i3 hawisl acidsdisefal irs tHiemivertiohr ay ke hgvothe Sel ect ed

fromthe group consjstin f. 2 1o C30 al kacyl oxy, arylacyl oxy, )

aryl al kyl acyl &?9“21 éﬂ??&&%ﬁ@e@yﬁ@mﬂé@?& %Yfglaﬁazﬁiﬁ gW]Perﬂi}dr ocar bon
radi cal sel ectpat=b0O a8k rdiRvAERUYIRRABhEN iritcadiselodied Bofalie b selcdted! -
aryl al kyl, al kylaryl and cycloal’kyl radicals as defined above;, nis a

nunber from 0 fram thegrgumeansisting, Gap elkacylexy, srylagylony arslalkyhaeyloxim of n and

mis not nore @Eq}ﬂ?, ; | aRo i Q?a?e% | he group
consi sting of uo llﬁcr%lédcﬁald%?# hié, gﬁgl%ﬂne, gﬁg&%%tﬁ%rgfadﬁ:%fr ge?%crggﬁ%&chl orine.
X may al so be the poup dohsistogesf. C\FHor C b kyhuarplo sndalky], slkylaryl iand eptloailkyland t he

i ocyanat e, - ARUPUbHIGRIRE T SUBPE FIB0 197 god e oy SFRDHAdy | oxy-

refers to a ragtleélat 6RNVud Hf Adnd® M R Rt A iHah ﬁwisaéﬁaaﬁéncindéﬁeha@myres, t he
radi cal being at an al kyacyl oxy position. The term "al kyl aryl acyl oxy"

refers to a ragleetsd feammithe Brovg qopsipting phAuerine, shlering.obrafyine, and iodine,
preferably chlorine. X may also be a psuedohalogen. For the purposes of this

invention and the claims thereto pseudohalogen is defined to be an azide, an
isocyanate, a thiocyanate, an isothiocyanate or a cyanide. The term
"arylalkylacyloxy" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an alkyacyloxy position. The term
"alkylarylacyloxy" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an arylacyloxy position. Non-limiting examples of
these Lewis acids include acetoxyaluminum dichloride, benzoyloxyaluminum
dibromide, benzoyloxygallium difluoride, methyl acetoxyaluminum chloride, and

isopropoyloxyindium trichloride.

[0094] The Group 15 Lewis acids have the general formula MX,, wherein
M is a Group 15 metal and X is a halogen independently selected from the group
consisting of fluorine, chlorine, bromine, and iodine, preferably chlorine and y is
3, 4 or 5. X may also be a psuedohalogen. For the purposes of this invention and
the claims thereto pseudohalogen is defined to be an azide, an isocyanate, a
thiocyanate, an isothiocyanate or a cyanide. Non-limiting examples include
antimony hexachloride, antimony hexafluoride, and arsenic pentafluoride. The

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



structures, the radical being at an arylacyl oxy position. Non-limting
exanpl es of these Lewis acids include acetoxyal um num di chl ori de,
benzoyl oxyal um num di brom de, benzoyl oxygal I ium di fluoride, methyl

acet oxyal ury i de, and isopropoyl oxyindiumtric 94] The
G oup 15 Led?gagﬁéﬁgghave the general fornula MXy, wher Ethh%ﬁmmh,ﬂ_ G oup
nmetal and X is a hal ogen |ndependently glected fromthe group conS|st|ng
of fluorine, chlorine, brom ne, and iodi preferably chlorine and y is 3,
4 or 5. X may al so be a psuedohal ogen. For the purposes of this invention

and the clai heret o udohal ogen i g,define e an az .an
i socyanat e, ITS ﬁ &Y Dlgs:%"ﬂ'f#gi ‘5%3}% c@!fﬁ@f’epeg aﬂgo% a fFGEe kﬂﬁbp&% ting
exanpl es i ncI mutlﬁﬁichmayaiwmﬂﬁdiﬂcw&hlmw hexaf | uori de, and arsenic

pentafluoride. The Goup 15 Lewis acids may al so contain nore than one type
of hal ogen. Non WD 2004/ 067577 PCT/ US2003/ 041221 26 limting exanples

i ncl ude ant i mggesghl ori @@?@em gEJ:vié%iﬁqﬁffﬁf ﬁ%ﬁ&%@%&ﬁ% 8o éy fgut h

trichloride and arsenic fldoride tetrachloride Group Lew s aci ds
useful in thi geherslefarmpla MRaXahsehércineM: isca Grompr Ilfeml;rrmharehRRXw a,;

wherein Mis nonoval e h bon

radi cal sel ec?%o O%Hg%]l% ‘%&’8{} 5‘)’,}4@%%5?15?[%1501&%%?@8 %9?%‘%% %3#’

aryl al kyl, al Iaudya,rayyl myﬁllq&(dﬂq&érkyindr@dlbﬁlajrlsnadﬂﬂld, dhdlf&s&ﬂ mﬂegagﬁim Drom 0 to
4, y is 3, 4 or 5 such that Ss thang)";(/i;F Xi a hal ogen |ndependently

sel ected  fronf #heisgs 495 5@8#5&%’?’”‘? essthan ), prodemlyowlerted and
i odi ne, preferp yhe SBLPChBsting Moﬂ+§ QnREind %ﬁﬂﬁogﬁ& 8{':e?éra pe

purposes of this invention and- the claims thereto pseudohaf 6gen 15 defined
to be an azi d@hloane i Xaugoaaiaa bga aseUdtbhablgyanBo@he ampps:@torﬁ s inention apd a

cyani de. The : | kyl S to a| ni n bot h aI | phatic
and aromatic s cﬂ"grgé et? Wgeuég?lg%ﬁn eclle%éleéﬁgan %%9 o§| “ %he term
"al kyl aryl " remeq&nate an rlaﬂineeg}ana:tertiraa nyaa@ddodtﬂe ahnphegtlalkyl" aeférsatwaat ic

structures, the, radical an aryl sition n- | exarrpl es of
these Lewi s acPde!cRRPIRE %@gﬂﬁ Phatiyand 319 )F“E‘FI‘PEFFJ\@@ "%41%?1%‘”“% at
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.

[0096] Group 15 Lewis acids useful in this invention may also have the
general formula M(RO),R ' Xy-min), wherein M is a2 Group 15 metal, wherein RO
is a monovalent hydrocarboxy radical selected from the group consisting of C, to
C;3o alkoxy, aryloxy, arylalkoxy, alkylaryloxy radicals; R' is a monovalent
hydrocarbon radical selected from the group consisting of C; to C;; alkyl, aryl,
arylalkyl, alkylaryl and cycloalkyl radicals as defined above; » is an integer from
0 to 4 and m is an integer from 0 to 4 and y is 3, 4 or 5 such that the sum of » and
m is less than y; X is a halogen independently selected from the group consisting
of fluorine, chlorine, bromine, and iodine, preferably chlorine. X may also be a
psuedohalogen. For the purposes of this invention and the claims thereto
pseudohalogen is defined to be an azide, an isocyanate, a thiocyanate, an
isothiocyanate or a cyanide. For the purposes of this invention, one skilled in the
art would recognize that the terms alkoxy and aryloxy are structural equivalents to
alkoxides and phencxides respectively. The term "arylalkoxy" refers to a radical



triphenyl anti nony dichloride. [0096] G oup 15 Lewis acids useful in this
I nvention may al so have the general formula MRO "R nXy-(.+n); wherein Mis
a Goup 15 netal, wherein RO is a nonoval ent hydrocarboxy radical sel ected

fromthe grpyposeeststing of C, to C30 al koxy, aryl oxy, :
al kyl aryl oxy radicals; R is a nonovalent hydrocarbon rrgglh?:ég@ké@?éct ed from

the group consisting of C, to Cl2 al kyl ,27aryl, aryl al kyl, al kylaryl and
cycl oal kyl radicals as defined above; n“is an integer from 0 to 4 and inis
an integer fromO to 4 andy is 3, 4 or 5 such that the sumof n and inis

| ess than vy; LS. I s I o . the _qroup consisting
of fluorine, f:éﬁ?%‘lrnlﬁlﬁz@t%rgﬁ Fgf%gg%go%?%%isﬁga%}ﬁg’eéig:}%%{;@%gmgoaﬁ%ﬁgﬁpwmay al so
be a psuedohghbsigem. The rerh talRylaytseferofo 4 lhadical Rurtainingbeth Aliplistic Ghai s
thereto pseudohal ogen is dﬁ&i negi to he an azide, an isocyanate,. a

t hi ocyanate, ZFPWALEOFFHCHIS 14 Jadiral beins, 3t £8. anglaxy: BRSIRR p IgHng hj s

nvent i on, ongakhibl el nikke LaHs Wastlsd [ERASNI GRadiiEbmbBAREnAI koxy and

aryloxy are structural equivalents to al koxides and phenoxi'de

respectivel y. dimethexirghierogatimanyy gichlormethoxyasiaer ddprodimethoxpasing,Ged 577

PCT/ US2003/ 04 Egg; | .ning both aliphatic and aromatic structures, the
radi cal being a 5?11%%}1 xySﬂ{ebosi tion. The term"al kylaryl" refers to a

radi cal containing both aliphatic and aromatic structures, the radi cal

being at an ar y position n:limting .exanples, of these Lew,s acids
i ncl ude tet rac,[mg onmet h 15 %W,m%i@hﬂké‘fsr%ﬁ?%nﬁ?ﬁ Fﬁ%ﬁ?‘,"’mﬁ‘e

di chor onmet hox ah&hiN ormfald O NIRRT slhewhaem Mk |4 eheuptibomy@r;si ne.
100971 Group E Lewi s aci dg&(ﬁseful in ﬁ?ﬁg i nvention may al'so have 't he

general f or nulwheriRBLE)O Rs raxpppevajent didroearhaqylaxy redicrbglectsl fremathe  wherei n
o0 P B, STl R LMD USRS Lo 0P
al kyl aryl acy| aikylarpldcylatystadi€als] B' s armoowaleahhydrgcirbararadinal sedettedafrorsel ect ed
;Lgmcyfz e o kyithe G0N | Shsithe U ol €1, 81, A hytaist aticiiah Bhd Lhciodtiyty' 21 V!
radicals as defined above; » is an integer from 0 to 4 and m is an integer from 0 to
4 and y is 3, 4 or 5 such that the sum of » 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
structures, the radical being at an alkyacyloxy position.  The term
"alkylarylacyloxy" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an arylacyloxy position. Non-limiting examples of
these Lewis acids include acetatotetrachloroantimony, (benzoato)

tetrachloroantimony, and bismuth acetate chloride.

[0098] - Particularly preferred Lewis acids may be any of those useful in
cationic polymerization of isobutylene copolymers including: aluminum
trichloride, aluminum tribromide, ethylaluminum dichloride, ethylaluminum
sesquichloride, diethylaluminum chloride, methylaluminum dichioride,

methylaluminum sesquichloride, dimethylaluminum chloride, boron trifluoride,



radi cal s as defined above; nis an integer fromO to 4 and mis an integer
fromOto 4 and y is 3, 4 or 5 such that the sumof n and mis less than vy;
X is a hal ogen independently selected fromthe group consisting of

fluorine, R foless;Prom ne, and iodine, preferably Chb@ﬂl{?ﬁm S IRY al so be
a psuedohal ogen. For the purposes of this invention and e c? alfs thereto
pseudohal ogen is defined to be an azide, an isocyanate, a thiocyanate, an

i sot hi ocyanate or a cyanide. The term m<§;1ryl al kyl acyl oxy" refers to a

radi cal containing both aliphatic and aromatic structures, the radical

bei ng at an al.kyacyl ox aQsition.. Th rm_"alkyl aryl agyl " refers to a
radi cal cont ai'lf ‘|'§'¥ Bﬁh‘g?a%heé‘f'i ‘é‘%ﬁ?‘éﬁ%‘ﬁﬁ’m dmﬁot"&%t e%tgy i cal
being at an agashaeMbAdybdiRSprefen@d. Non-1imting exanples of these Lew s

acids include acetatotetrachl oroanti nony, (benzoato) tetrachloroantinony,
and bismuth acetate chloride. (00931 Particularly preferred Lew s acids may

be any of tho eful Q.. L QN E&ﬁgﬁﬂ' i ; opol yners
i ncl udi ng: al mgg m tr%'é(:%ﬁfogglfdg@&gfﬁ% n m*@%ﬁ%%ozgﬁﬁ%%c%@im

di chl ori de, ettsigret umaklyncoardingting: hewisi abids slicktdsyB&ETsHgb ramenalsh | spitatde,

met hyl al um num di chl ori.de, . net h)él ghl;%m nu%nsesqui chl oride, dinethylalum num
chloride, bor GRWISACKS §AHfhe cpsS SHHPEAREIM PCT/ US2003/ 041221 28 titani um
tetrachloride, etc. with ethylalum numdichloride and et hyl al um num

sesqui chl ori de heing preferred. [0099] Lewi s acids such as nethyl al um noxane
(MAO) and speddifigter| |y desi gned weakly coordinating Lewis acids such as
B(C6F5)3 are also suitable Lewis acids within the context of the invention.
Initiator [00100] Initiators useful in this invention are those initiators
which are capddng] of bmitiagors awplabie dhis ineention aebtheseliihitiatots which arhe chosen
Lews acid to el d..a.conpl ex ich rapidly reagt ith the.olefin thereby
formng a pr8ﬂéb§t‘%n'§% Fx Hﬂiarﬁmt%ﬁ? @%%W e%g\%lhﬂ%?ﬂe[sw?%@flﬁa% Br onst ed

aci ds such asyield a complex which rapidly reacts with the olefin thereby forming a

propagating polymer chain. Iljustrative examples include Bransted acids such as
H,0, HCl, RCOOH (wherein R is an alkyl group), and alkyl halides, such as
(CH3)CCl, CgHsC(CH3)Cl and (2-Chloro-2,4,4-trimethylpentane).  More
recently, transition metal complexes, such as metallocenes and other such
materials that can act as single site catalyst systems, such as when activated with
weakly coordinating Lewis acids or Lewis acid salts have been used to initiate

isobutylene polymerization.

[00101] In one embodiment, the reactor and the catalyst system are
substantially free of water. Substantially free of water is defined as less than 30
ppm (based upon total weight of the catalyst system), preferably less than 20 ppm,
preferably less than 10 ppm, preferably less than 5 ppm, preferably less than 1
ppm. However, when water is selected as an initiator, it is added to the catalyst
system to be present at greater than 30 ppm, preferably greater than 40 ppm, and
even more preferably greater than 50 ppm (based upon total weight of the catalyst

system).

[00102] In a preferred embodiment the initiator comprises one or more of a
hydrogen halide, a carboxylic acid, a carboxylic acid halide, a sulfonic acid, an
alcohol, a phenol, a tertiary alkyl halide, a tertiary aralkyl halide, a tertiary alkyl



H2O, HCl, RCOCH (wherein R is an al kyl group), and al kyl halides, such as
(CH3)3CA, CBH5C(CH3)2d and (2-Chloro-2,4,4-trimethyl pentane). Mre
recently, transition nmetal conplexes, such as netall ocenes and ot her such
materials t t as single site catal yst systens, P%Lfﬁg n
activated vﬁ%wﬁl\?@gﬁy coordinating Lewi s acids or Lew S aci é‘?@’é’%@ have
been used to initiate isobutylene pol yng;ri zation. [00101] In one

enbodi ment, the reactor and the catal yst”systemare substantially free of
wat er. Substantially free of water is defined as |less than 30 ppm (based

upon total weight of .the catalyst 1 e preferably | ess ,than ppm
preferably | escgg1 T i Sﬁ%ﬁﬁ%&gf g?é%ﬁvn%lglseﬂf%a?ﬁ?%h%ﬁr?fﬂi%le%ﬁa | ess
than 1 ppm HaWes aryl hitide)alkplagd hilidesed eylhikglacid halidd. ni tiator, it is added to
the catalyst systemto be present at greater than 30 ppm preferably
greater than 40 ppm and even nore preferably greater than 50 ppm (based
upon tot al We'[ﬁb‘fo,sff therddatd hpdrogdy BAIRR) init[a%}&qg&lu&tﬂh dIBgﬁI %Pl.forlﬁe

embodi ment the initiator conprises one or nore of a hydrogen ha I de, a

car boxyl i ¢ acihydrogew hropuss/aidchysledgen findided A partisulily piefereedihydrogen halideohol , a
phenol , a tert,ar I lide, a tertiary aralkyl halide, a tertiary alkyl
WO 2004/ 06757#&%?@%?3‘41221 29 ester, atertiary aral kyl ester, a
tertiary alkyl ether, a tertiary aral kyl ether, alkyl halide, aryl halide,
al kyl aryl hal i r aryl al kyl acjd halide., [.0010 Preferred, hydrogen hali de
initiators i no[ﬂﬁfé hydr%ﬁW%’hF%ﬁ?’ﬂ’@?_ach?’g‘ﬁ&fl g*”énﬁ‘l@é“"%tﬂ‘_“hmn i odi de.
A particul arl YeafoR§IRS Aciak, NELMAIe oN@rbdX§lic hSd$ uEHTRAGRNLE NTh Ak indfi8104]
Preferred carboxylic acids included both aliphatic and aromatic _carboxylic

aci ds. Exanpl eseiist agidy pooppnoie ardd, dbutannis wpbid) einnamic jagide henenic jagid ude  acetic
aci d, propanoi | . ' kd; Gi ' i d. ' ' 1-

chl oroacetic zf%lllog?écg?%%ﬁ%?%%g%to ?%hg(??@’, ﬂ@%ﬂ%ﬁ%&o&%?ﬁ @&ogéi&g?&b&d’ pl
trifl uoroacet ichloaacbetizoip-acidh bt pHorobenzobcadd. Particolatlly yoefsired zarboxydici d.

Particul arl r ree rboxylic .. .. L S
y pac1edfs ?ncﬁud% tl(‘:lc oroaégtlc acid, triflnoroacteic acid, and p-fluorobenzoic acid.

[00105) 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
chloride, acetyl bromide, cinnamyl chloride, benzoyl chloride, benzoyl bromide,
trichloroacetyl chloride, trifluoroacetylchloride, trifluoroacetyl chloride and p-
fluorobenzoylchloride. Particularly preferred acid halides include acetyl chloride,
acetyl bromide, trichloroacetyl chloride, trifluoroacetyl chloride and p-

fluorobenzoyl chloride.

[00106] Sulfonic acids useful as initiators in this invention include both
aliphatic and aromatic sulfonic acids. Examples of preferred sulfonic acids
include methanesulfonic acid, trifluvoromethanesuifonic acid,

trichloromethanesulfonic acid and p-toluenesulfonic acid.



acids include trichloroacetic acid, trifluoroacteic acid, and

p-fl uorobenzoic acid. [00105] Carboxylic acid halides useful in this
invention are simlar in structure to carboxylic acids with the

substituti |ide for the OH of the acid. The hgli

fluoride, 3%?3@? g?ﬁbronide, or iodide, with the chIoriggh%ﬁgﬁ%%ugﬁeferred.
Preparation of acid halides fromthe parent carboxylic acids are known in
the prior art and one skilled in the art%shoul d be familiar with these
procedures. Carboxylic acid halides useful in this invention include acetyl

chloride, ace om d ci. nnanyl.. .chl oride, . henzayl chloride, benzoyl
brom de, tri i‘mlg?{)acet plonig a6 ,dest?sieﬁ]buo%%‘éﬁﬁ%mec?w,mf‘w fior oacet yl
chloride and g sflforiy senwiy kiehduBstitiion &fod halide! for the OHeffand paed@Gicill. hal i des
i ncl ude acetyl_chl ori de, %lg'et_ | braom de, trichloroacet oride,
bg, 0153

C ) roacetyl chlorid
trifluoroacet yhe balids mag e, Chigr i heemids (or dodids, F"ﬂ@%ﬁ@b@%ﬁ bepg f oni ¢
aci ds useful LOjqt i - | Sy | 1 4 i-0hati.c and
aromatic sul fgﬁ’lf%:rpdgéiIggﬁ%lxdg%ﬁ%ﬁ%ffﬁ%?gdewg%ﬁghﬁﬂg%P%Iegtcsi ShQ:&%@F ude
met hanesul f oniaxe koo, intthe priiarcurtoandtane siaidied inothe artasbpuld be familiar with these

tri chl or omet hanesul f oni cid and.p-t nesul foni.c .acid. WO 2004/.067577
PCT/ US2003] 04 PSRAMIeE [%6@69‘? 3%@?‘}‘%&"@ Haliles ep ol g S PyproR PRIGE T v ent i on
are simlar i metiaheslfofigl cliloride)l heintesalfingts bibrhide] heciiotbfileibabdshidehydf a

hal i de for the OH. of _éhe parent acid. . The halide rrg%obe fl yoride, chloride,
broni de or i oghigade fitlppromethancsfqnykbchleridepnd prighigpgsulionybellgadet i on of the

sulfonic acid halides fromthe parent sulfonic acids are known in the prior

art and one skilled in the art should be fam|iar with these procedures.
Preferred sul {808} aci dAlehdldenselid efnuthis ninventioni ingbidei methana] wethanol,

met hanesul f on oL, t I | .br.om trichl sul fonyl
chloride, tri *°€§$%h%fﬂ%§%%§§|$§%§sﬁ’é‘;ﬁ%§%%}e °g£npﬁlg°§?’t‘°31 aléﬂeb%éﬁ?ﬁ%?gﬁm ori de.
[00108] Al coh@hendls efissfuli fin t this invsteiohi diclidec | pl@solired nesiniipheaslangt |

|, 2- |, 2 | -2-ol | oh . and. benzyl al cohol .
Phonol s Usel LAERSERRso) Al P B oo BT RBBPpEcr S BErE T RORERER: s

2-hydroxynaphthalene.

[00109] Preferred tertiary alkyl and aralkyl initiators include tertiary

compounds represented by the formula below:

[}
R—+—C—X

Ry

wherein X is a halogen, pseudohalogen, ether, or ester, or a mixture thereof,
preferably a halogen, preferably chloride and R1, R2 and R3 are independently
any linear, cyclic or branched chain alkyls, aryls or arylalkyls, preferably
containing 1 to 15 carbon atoms and more preferably 1 to 8 carbon atoms. n is the
number of initiator sites and is a number greater than or equal to 1, preferably
between 1 to 30, more preferably n is a number from 1 to 6. The arylalkyls may
be substituted or unsubstituted. For the purposes of this invention and any claims



di et hyl phenol ; p-chl orophenol ; p-fluorophenol; 2,3,4,5, 6-pentafl uorophenol;
and 2- hydroxynapht hal ene. [00109] Preferred tertiary al kyl and aral kyl
initiators include tertiary conpounds represented by the formula bel ow. R3
Rl C-XR k4 X i s a hal ogen, pseudohal ogen, eth , or a

m xture thggzg@%@%gﬁéferably a hal ogen, preferably chlo?F gﬁ%w%ﬁhﬁﬁ

R3 are independently any linear, cyclic, or branched chain al kyl s, aryls or
aryl al kyl s, preferably containing 1 t 0345 carbon atoms and nore preferably
1 to 8 carbon atons. n is the nunber of initiator sites and is a nunber

greater than gr _equal rabI betwe 1.t.0 3 rmre referably n
i's a nunber f&f?ﬁﬁﬁ ag"'l’llsh cQfgLing; b Gad
unsubsti t ut edalj hctchspow@fe@éd %ﬁ@léﬂﬁﬂhﬁ@t&:@%l@éyz@hmm 4M0
2004/ 067577 PCT/ US2003/ 041221 31 ther eto aryl aI kyl is defined to nean a

conpound cont SRFRYPeane ;ad-biemadt thy{pntan rarmetaylprapees; dr r ed
exanpl es of "BtJrﬁcﬁiﬁ]eﬁT @G#éﬂie 2- 9%&&2%4%@113%& % légt&?é“ romo-

2-bronp-2,4,4-trine ane; or o-
br ono- 2- net hyatﬁr%@émnm@edml}mpme 4, 4, GIdﬂmm—mﬁﬂUta}hﬂbqntzm 2- brleno-

2,4,4,6, 6-pent tan ch 1- met hyl eth zene

chl or oadamant ﬁﬁl Sl[ﬂé? gtholéﬁtge NG, 2 b:asl{{ x4: r&etl%;g?thg}p et hyl)
benzene; 5-t efbbndatié; ys tei:t,-lﬁltﬁl-ﬁl(-bils( QRdhtyre-1 lmétRy1bghY 1 HRybene DRAZAORY-2,4,4-

2- acet oxy- 2, 4, 4 r| met hyI pent %§§W2 benzo I ,oxy-)él,a4, 4-trinet hyl pent ane;

2- acet oxy- 2- ©32-b g 2-acefoxy-2-

2- acet oxy- 2, 4,1-,{131}@”1 nta Ebdhgh thl 2-acetoxy-2.4,4,6,6-
2- benzoyl - ﬁo%ent anet hyl hept ane; JY arg%angxy-l - rretactttayolx t hyl'benzene;

1- aceot xyadarrwnmtamethilhmmyl @WM@ém@nMﬂ:uﬂ'@pmne 1-acefoxy-1-

acet oxy-1- net n tyl

1- acet oxy-| - ql%/e}tilﬁ}lg%{ﬂ Znagg%%ad %‘%i bcﬁzo 1035' ?tily pén]t’ls 1e ;

2-1 sopr opoxy- Acetoxd~1-methylethyl) benzene; S-tert-butyl -1,3-bis( l-acetoxy-l-meﬂlylethyl)
benzene; 2-methoxy-2,4,4-trimethylpentane ; 2-isopropoxy-2,4.,4-

,a.

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;
I-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. Other suitable initiators can be found in US patent 4,946,899, which is
herein incorporated by reference. For the purposes of this invention and the
claims thereto pseudohalogen is defined to be any compound that is an azide, an

isocyanate, a thiocyanate, an isothiocyanate or a cyanide.

[00110] Another preferred initiator is a polymeric halide, one of R1, R2 or
R3 is an olefin polymer and the remaining R groups are defined as above.
Preferred olefin polymers include polyisobutylene, polypropylene, and
polyvinylchloride. The polymeric initiator may have halogenated tertiary carbon
positioned at the chain end or along or within the backbone of the polymer. When
the olefin polymer has multiple halogen atoms at tertiary carbons, either pendant
to or within the polymer backbone, the product may contain polymers which have
a comb like structure and/or side chain branching depending on the number and
placement of the halogen atoms in the olefin polymer. Likewise, the use of a



trimet hyl pent ane; 2-net hoxy-2-net hyl propane; 2-benzyl oxy-2-net hyl propane; 2-
nmet hoxy- 2, 4, 4, 6, 6- pent anet hyl hept ane; 2-i sopropoxy-2, 4, 4, 6, 6-

pent anet hyl hept ane; 1 -nethoxy- | -methyl ethyl benzene; 1-nmethoxyadanmant ane;
1- met hoxy etyliy bddg ; 1, 4-Dbi s(1-net hoxy-I-nethyl et hyl) '
5-tert-butyl - 1,'2‘-;7%?@( 1- et hoxy- | - et hyl et hyl) benzenepgﬁgﬁg&gm“nl
1,3,5-tris(1l-chloro-1-nethylethyl) benégne. QO her suitable initiators can
be found in US patent 4,946,899, which i herei n incorporated by reference.
For the purposes of this invention and the «clains thereto pseudohal ogen is

defined to be any c und that is.an. azide, a | socyapat e t hi ocyanat e,
an 1 9ot hi ocyafail gt BUEpLAer hEldE tior i dles,p apeo for profhing,f 1< o

pol yneric hal ipfiuconkicinaiRcontiia biick cBpolingergn ol ef in pol ymer and the

remai ning R groups are defined as above. Preferred olefin polyners include
pol yi sobut yl ene, pol ypropyl ene, and polyvinylchloride. The pol yneric

| nitiator may rhfM¢) hal opaRisliedy tRétkidl WifA6RORay RASkly 8P eRbsBtysdthE ifhai n end
or along or vvi[m:‘r_l] t he chk_b%%é _pgf t he pol yner TW_V\her] y the olefin polymer has
mul ti pl e hal ogationie pelymarization tof dsoputylend copplymaérs fiwstudieg: dwdrogen ehloridesi t hi n t he
pol ymer backbon he prod [my cont ai Ly L ch have conmb |ike
structure and%ocﬁﬂ%'%)%é‘t’%ﬁa éﬁ{ﬁ%l Anch ng e%%ogglbn%&ﬁoﬂp%g%hunbelrc%%aq pl acenent
of the hal ogenmnalylethylbenzbie and meihanglol yner. Li kewi se, the use of a WD

2004/ 067577 PCTI US2003/ 041221 32 chain end tertiary polyner halide
initiator provides a method for producing a product which may contain block
copol ymers. [(Qfgih3] Par Chﬁlﬂsﬁ@%@ferﬂrc%ﬁﬁbﬁﬁgns' DidtlanOfiss WR¥nféh &pically those
useful in cationic polynerization of "isobutylene copolyners including:

hydr ogen chl orcomprise $1)ch oingiagor4angd ((2) melpvyispesid agndnitiator or other metal

2-chl or o- 2- et . 1- - h e nol .
[00112] cat al yoHoRpERE Bty dERBLE, In Toileh WRERAERT n TTHARTY |
conprise (1) abinitistdriispreseradyigre froheationt 6.¢ imbleniimed thatmolewof nitlatr et al

compl ex(es) Nef Semt t5boht 200 times thd OIS G tnfifatos poesent Ia 4 further proferred 2"

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

=0

times the moles of initiator present to about 20 times the moles of initiator present.
In a preferred embodiment the initiator is present at anywhere from about 0.1
moles per liter to about 10" moles per liter. It is of course understood that greater

or lesser amounts of initiator are still within the scope of this invention.

[00113] The amount of the catalyst employed will depend on desired
molecular weight and molecular weight distribution of the polymer being
produced. Typically the range will be from about 1x10°® moles per liter to 3 x 10

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

[00114] In certain embodiments, catalyst systems useful in this invention
may further comprise a catalyst composition comprising of a reactive cation and a
weakly-coordinating anion ("WC anion" or "WCA" or "NCA"), The catalyst
composition comprising the WC anion will include a reactive cation and in certain

instances are novel catalyst systems.

[00115] A weakly-coordinating anion is defined as an anion which either

does not coordinate to the cation or which is weakly coordinated to the cation and



coinitiator is present anywhere fromabout 0.1 noles tines the noles of
initiator present to about 200 tinmes the noles of initiator present. In a
further preferred enbodinent, the Lewis acid coinitiator is present at
anywher e f Rag@phedsss70. 8 times the noles of initiator ppes out 20
times the noles of initiator present. In a preferred eng @@5005 41?%
initiator is present at anywhere fromabput 0.1 noles per liter to about
10-6 noles per liter. It is of course understood that greater or |esser
amounts of initiator are still within the scope of this invention. [00113]
The amount of %g \ adepe o} S| Iﬁ@l ar wei ght
and nol ecul arw\i/}/%%h% IF%%HFM%EQ@ Shlbu:o “y%c’rn %etﬂ%glh%glgo%l%e ypi cal |y
t he range wi | Hodsenot nmfamm&uél&a@wmloesulﬁsamehi toethe tcatich thud Greating® Ies per

liter and npst ferab from 104 to, 10"3 iter. 1
certain enbodPﬁ%ﬁf?y"pE%‘{%T y51° ?s’i‘%‘ﬁﬁl ﬁg@?‘ﬂﬂn r ni)f%ef’%e IF{)H? ﬁ‘?éi further
conpri se a caieiftosaiBes t hﬂBné?OiH%Iddé* ng Qﬁyiﬁqsﬁ%ﬂﬁﬂh&%pﬁélzl)o sy a

weakl y- coordi nating anion ("WC ani on" or " e catal yst

conposi ti on c@®PipfmsNgetriperfiiGraphienyiberoh (B(pfp)w,detr@erMphenrylalaHmmm and in
certain instances are novel catalyst systens. [00115] A weakl y-coordinating
anion is defi fsboraresabplegenatad oarberanesand dhe likgo ddie gafioncig enyirationdhat gan he cati on

or which is ﬁ@ﬂf%%&%ﬁ@%%ﬁ%&&&% cati:on and WD 2004/ 067577
4 en

PCT/ US2003/ 0 e anron 1S functioning as the stabilizing anion
in this invention the WCA does not transfer an anionic fragnment or
substituent t catign thus creati eytr roduct ot her
neutral conpo glfﬁPr ef e °e@%%§%§°‘gﬁn%u¥ﬁ’ﬂ¥ﬁéaﬁ?wg%8@ Fﬁﬁ‘[‘gﬂ ni ons

i nclude: al kytd those PedttimblykilPRH@BMH) R eRimplé fBepréfeded embodiment the

tetraperfl uora&)henyl boron Bé)pf p)4czl tetraperfluoro henyl al um num
car bor anes © geipniscia hentian & compeundepntaining bpthithe amign cat i on

that can addalfutfbelth tud Ruff G048 @ufAEhOCA AGR, | B0Ader Thereald On. oy, be

conbined with e cation by an nary skill in
the art. For embhodinent mcanpxrsﬁfoaranamm:@dx&l WeEndniarhfragment is first treated to

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

anion is activated. Likewise the WC anion may be activated without the presence
of the cation or cation source which is subsequently introduced. In a preferred
embodiment a composition containing the anion and a composition containing the

cation are combined and allowed to react to form a by-product, the anion and the

cation.
Weakly-Coordinating Anions
[00117] Any metal or metalloid compound capable of forming an anionic

complex which is incapable of transferring a substituent or fragment to the cation
to neutralize the cation to produce a neutral molecule may be used as the WC
anion. In addition any metal or metalloid capable of forming a coordination
complex which is stable in water may also be used or contained in a composition
comprising the anion. Suitable metals include, but are not limited to aluminum,
gold, platinum and the like. Suitable metalloids include, but are not limited to,
boron, phosphorus, silicon and the like. Compounds containing anions which
comprise coordination complexes containing a single metal or metalloid atom are,

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



WC anion is introduced into the diluent as a conpound containing both the
anion and the cation in the formof the active catalyst system In another
preferred enbodiment a conposition containing the WC anion fragnent is
first treawasofos7prroduce the anion in the presence of phguSsodfA2A"
reactive cation source, i.e. the anion is activated. Likew se the W ani on
may be activated w thout the presence the cation or cation source which
is subsequently introduced. In a preferfed enbodinment a conposition
containing the anion and a conposition containing the cation are conbi ned

and all owed t p thfs@

Weakl y- Coor di ﬁa{ :ﬁraldg FrLlrlptclél%s i ES%??%T £9g%nf§]€1§|cﬁﬁm?e% I [o] &hcorrpohéna!cl}gcapabl e
of form ng an calnammg@mammphmnsmglacdfoor&natmnwpnipla ahtainiag afsirglée baroa
substituent or, fragne the cation to neutralize the cation to produce a
neutral nol ecdio® ﬁg. %&Fﬁged as the WC anion. In addition any netal or

nmetal | oi d capabl e of formng a coordination conplex V\/ni ch is stable in

wat er may al so be used or contained in a conposition ml)rl si ng the ani on.
Sui t abl e met all0118k| udeln grnerah WEC aaions may beeeprasented by ﬂi’ﬁrf? ovgag genell at i num
and the like. ﬁ?ﬂ.lutlaabl e nmetal loids include, but are not limted to, boron,
phosphorus, silicon and the |ike. Conpounds containing anions which
conprise coordi nation conpl ep m:'mnt,@ﬂ]dﬂg a single nmetal or netalloid atom
are, of course, well known and many, particularly such conpounds containing
a single WO 2@&1&1‘6@67577 PCTI US20031041221 34 boron atomin the anion
portion, are avail ahl.e co r ci In light of this, salts containing

ani ons conpri si ng (‘,%?)’fn&{{ﬂ‘gﬁrfl%t% (E%g'npl ex containing a single boron atomare

preferred. [00118] @ ntcgez}leml, RIehiy) Sbrildéd D&t EHRIAESE My dd Yadidigs, f ol | owi ng
general fornmnul a: (1 . ] d- wherein:
dialkylamldo radlcals, alkoxide and aryloxide radicals, hydrocarbyl and

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

m is an integer representing the formal valence charge of M;
n is the total number of ligands q, and

d is an integer greater than or equal to 1.

[00119] It is of course understood that the anions described above and
below may be counter balanced with a positively charged component that is
removed before the anion acts with the cation. The same is true for cations

described for use with the anions. For example, CpsZrMes may be combined

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

group to leave the CppZr*Me WCA- catalyst system.

[00120] Preferred WC anions comprising boron may be represented by the
following general formula:

[BAr1 ArpX3X4]"
wherein:

B is a boron in a valence state of 3;



M is a nmetal or nmetalloid; @ to Qn are, independently, bridged or

unbri dged hydride radicals, dialkylam do radicals, alkoxide and aryl oxide
radi cal s, hydrocarbyl and substituted-hydrocarbyl radicals, hal ocarbyl and
substi t ut egydnh9eaERy! radicals and hydrocarbyl and ha%efﬁ%QM¥6 stituted
organonetal l oid radicals and any one, but not nore than one o to 1 may
be a halide radical; mis an integer reggesenting the formal val ence charge
of M nis the total nunber of ligands™q, and d is an integer greater than
or equal to 1. [00119] It is of course understood that the anions described

above and bel ow n§¥ ?‘gd &gzg}ee{heb&h%n&e&%wﬁgmgﬁgi&iﬁg : t&{lﬁ%&% |, conponent

that is renoved b ani on acts W ation. e sane I's true for

cations desChiethrici raliie sl %ﬁtﬂinlﬂgefr&ﬁ'b@&iﬁ6t5% W0 GaHRn SRR adeRayRY be

conbi ned vvithye} corrporgitign conprising the ani%n (WCA- R+) V\%ere aRﬂBacts

with a Me gr beiljinked to eapheothen ghropghz stale Inglginggrow;yand system 1001201

Preferred WC ani o C r3-Si b r d foll ow ng
"S1c BPCEE A0, AR B ST Yol )

general formul a: a boron’in’a valencCe state of

3; WD 2004/ 06354 RETHyMRRAIH PAIRRL hadBarbVll ashbhiiAlAIdciby b Mol

different aromatic or "substituted-aromatic hydrocarbon radicals containing

from about 6 hydre¢sdl- and daldsarhylksubstitvigd dorganpmetadlold radicalst disubgituted her

adi cal's. hyapaciopl PG, Seber Bl Rl BF nalORRREE R e WO 20
subst i t ut ed- hatovisatey Xiraad DGpidl not by halide at thy samatisiehal ocar byl - substi t ut ed

organonetal l oid radicals, disubstituted pnictogen radicals, substituted
chal cogen radicals and halide radicals, with the

[00121] In general, Ar] and Ary 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
on the substituted-aromatic hydrocarbon radicals, include, but are not necessarily
limited to, hydrocarbyl radicals, organometalioid radicals, alkoxy and aryloxy
radicals, fluorocarbyl and fluorohydrocarbyl radicals and the like such as those
useful as X3 and X4. The substituent may be ortho, meta or para, relative to the

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

[00122] Ilustrative, but not lii'niting, examples of boron components which
may be used as WC anions are: tetravalent boron compounds such as
tetra(phenyl)boron, tetra(p-tolyl)boron, tetra(o-tolyl)boron,
tetra{pentafluorophenyl)boron,  tetra(o,p-dimethylphenyl)boron,  tetra(m,m-
dimethylphenyl)boron, (p-tri-flucromethylphenyl)boron and the like.



proviso that X3 and X4 will not be halide at the sane tinme. [00121] In
general, Arl and Ar2 may, independently, be any aromatic of
substituted-aromati c hydrocarbon radical. Suitable aromatic radicals

i ncl ude, bwg 00865783t limted to, phenyl, naphthyl and @E’i‘ﬁ%ﬁﬁf’lﬁ‘&ﬁ 4Fadi cal s.
Sui tabl e substituents on the substituted-aromatic hydrocarbon radical s,

i nclude, but are not necessarily |imt to, hydrocarbyl radicals,
organonetal l oid radicals, al koxy and aryloxy radicals, fluorocarbyl and

fl uorohydrocarbyl radicals and the |like such as those useful as X3 and X4.
The substitue be 0. [ [ af i : hon atons
bonded to therr%(]olr at o%ﬁ élﬁggéﬁu%gblg%oﬁlg?#%&édgﬁm&g otéltrl]eg %&%ﬁy crlocar byl
radi cal , each nramllohis wiich amemiseful aa WICTdntohe mhayalseomade, buod suchulisd afeuiosd-
aromati c radical are Arl and Art,. qr th ane may. b traj ght or

br anched | al kyFome REBRRY dp s d0mEYHS tsslone. 18 UareeRe) ftchmdRb Rl dit adi cal
or an al kyl - gubfdrédoiticCRst GY Got Enténddd 96 B RBalsBGE Gl thaf\StHeP ds&ral BstoaboOvVe, Arl
and Art could be I|inked to either X3 or X4. Finally, X3 and X4 may al so be
linked to eaclfogpeiids as pyedlugmusefd fompeymds mopkailing oev mstaly oometfloids
[llustrative, L )ﬁgj%p r I may be
used as WC aniv%quﬂsd gé)gahi;l%}taéﬂaa\g%’téﬁt o%@ﬁecggnn%gfﬁgfé&gz{gﬁﬂggé&g\@é&a

t etra( phenyl ) kitscussiontaad fafyplaeol yl ) boron, tetra(o-tolyl)boron,

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

di met hyl phenyl ) boron, (p-tri-fluoronethyl phenyl)boron and the Iike. WO
2004/ 067577 P@@o1gap003/ A4 p2tiduladp dro¥edeBIWE Mibm@ cotmipsibing OborétlithaD be
conponents containing other nmetals and netall oids whi cﬁ are useful as WC
ani ons may be Wtegbfﬂ&féﬂowgtg@%ﬂ@%{la: deemed necessary to a conpl ete
di sclosure. In this regard, Lé( Ep%hi_ be noted that the foregoing list is
not intended to be exhaustiv g d t other useful boron conpounds as well
as useful conp@yepgle containing other netals or nmetalloids would be readily

apparent to those skilled in the art fromthe foregoing general discussion
and formnul ae. F is fluorine, C is carbon and B, and Q are as defined above. Illustrative

but not limiting, examples of these preferred WC anions comprising boron
triphénylmethyl salts where Q is a simple hydrocarbyl such as methyl, butyl,
cyclohexyl, or phenyl or where isla polymeric hydrocarbyl of indefinite chain
length such as polystyrene, polyisoprene, or poly-paramethylstyrene.

[00125] Polymeric Q substituents on the most preferred anion offer the
advantage of providing a highly soluble ion-exchange activator component and
final catalyst. Soluble catalysts and/or precursors are often preferred over
insoluble waxes, oils, or solids because they can be diluted to a desired
concentration and can be transferred easily using simple equipment in commercial

Processes.

[00126] WC anions containing a plurality of boron atoms may be

represented by the following general formulae:
[(CX)a(BX)mX"p]°
or

[[[(CX6)a(BX7)mXg)blc-12Ta+]d-

wherein:



[00124] A particularly preferred WC ani on conprising boron may be
represented by the follow ng general formula: [B(C6F5)3Q - wherein: Fis
fluorine, Cis carbon and B, and Q are as defined above. Illustrative but

not |imtiy@weiaHhes of these preferred WC ani ons corrpé},%gfbg_ym%zqn
triphenyl nethyl salts where Qis a sinple hydrocarbyl such as nethyl, butyl,

cycl ohexyl, or phenyl or where Qis a pg;yneric hydr ocar byl of indefinite
chain Ilength such as pol ystyrene, polyisoprene, or poly-paranethyl styrene.
1001251 Pol yneric Q substituents on the nost preferred anion offer the

advant age of provi#itl :ﬁ}}’g‘gqh%,(ﬁta%'x@}ag%ii%@%&g ,gﬁy&%ir @Eﬁg, Sgaponent and

final catalyst. So e S an precursofr’s-are often’prererred over

i nsol ubl e waxgglical | Bydr6éarR! iratcale C sutEatitddenydsRAE Fhdicdlse dhdiccagbydiesi r ed
concentration and can be transferred easily using Sinple equipnent in

comrercial p saupstifutrgshpdncay] mdicalisordiydrasaitvhgr alorabylsubstiteted bor on

F
atons may be : the foll ow ng general formnulae:
[(CX) a(BX) n»(*’{ﬁ%@‘grﬁ%?m{lﬁj"(d% a( BX7) m{ X8) b] c-] 2Tn+] d- wherei n: WO
2004/ 067577 PCTI USZ08 % attitidh m@al, ¥yefetabl)'a, gi6p 8X9, andi0 Xigetaly preferably
i ndependent |y, . p%ldri de radicals, halide radicals, hydrocarbyl radicals,
subst i t ut ed- hi§Kee P 8% cal s, hal ocarbyl radicals,
substi t ut ed- hal ocaﬁb,ydbaﬁdmegdrg;} opr hydrocarbyl - or hal ocarbyl -substituted
organonetalloid radicals; T is a transition netal, preferably a group 8, 9,
or 10 metal, prefefiAnintegerkbl | cobalt or iron;

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;

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

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

d is an integer > 1.

[00127] Examples of preferred WC anions of this invention comprising a
plurality of boron atoms include:

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

[(CH)ax(BH)bx]°X-

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

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

wherein:

ay is an integer from 0 to 2;



a and b are integers > 0; cis an integer >1; a + b + ¢ = an even-nunbered
integer from2 to about 8, mis an integer ranging from5 to about 22; a
and b are the sane or a different integer O; c is an integer >2; a +b + ¢

= an even- RyRRLGHsnt eger from 4 to about 8 mis an 6 to
about 12; n is an integer such that 2c - n d; and d ?’g&@%ﬁ‘)ﬁ{"{égg > 1.

[ 00127] Exarrpl es of preferred WC ani ons gf th| S invention conprising a
plurality of boron atons include: (1) A borane or carborane ani on satisfying
t he general forrrula [ (CH) ax(BH) bxl cx- wherein: ax is either 0 or 1; ex is

either 1 or 2; g%(sﬁnnte %‘rﬁcﬁnﬁ'&{ﬁ”t eger ranging fromabout 10 to 12; or
(2) A borane or car or ane a neuttral borane or carborane conpound

sati sfyi ng t he geney & anfinteger feom { ¢«C¥H) ay ( BH) ny(H) byl cy- wherein: ay is an
integer fromO to 2; \QD 004/ 067577 PCT/ US2003/ 041221 38 by is an integer
fromO to 3; cy is%h ¥nt®ger fromo 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:

[[[(CEDaz(BE)mz(H)bz]cZ]2Mpz+]dz
wherein:
az is an integer from 0 to 2;
bz is an integer from 0 to 2;
cz is either 2 or 3;
mz is an integer from about 9to 11;
az+bz+cz=4; and

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

[00128] Illustrative, but not limiting, examples of WC anions include:
carboranes such as dodecaborate, decachlorodecaborate,
dodecachlorododecaborate, 1-carbadecaborate, 1-carbadecaborate, 1-

trimethylsilyl-1-carbadecaborate;

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

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

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



ny is an integer fromabout 9 to about 18; or (3) A netall aborane or

net al | acar borane ani on satisfying the followi ng general fornula:
[11(CH)yaz(BH) ne(H) bz] cz-]2Wnz+] dz- wherein: az is an integer fromO to 2
bz is an | RYGIREedwEM O to 2; cz is either 2 or 3; Mz iperAR2eBbagsr from
about 9 to 11; az+bz+cz=4; and nz and dz are, respectively, 2 and 2 or 3
and 1. [00128] Illustrative, but not lingting, exanples of WC anions

i nclude: carboranes such as dodecaborate, decachl orodecaborat e,
dodecachl or ododecabor ate, 1-carbadecaborate, 1 -carbadecaborate, 1-
trinmethylsilyl-I|-carbadecaborate; Borane and carborane conpl exes and salts
of borane and carborane anions such as decaborane(14),

7, 8- di car baded@®@fhne( | Thy ,WE, Aniodi compvaitionte gz rrefe(ré® ) for forming the
undecahydri do-7, 8-di net hyl -7, 8-di car baundecabor ane .

6 car badlecabo PAPNTISER Yaaiin i BRER: dre og contaag.s FPsEbPmRbehq
%tallaboranebamﬂpnsetfa?em heByNObatodramlar ladd / or two or more

di car banonabor at o) cgbal tate(l11), bis(undecahydri do-7, 8-di car baundecabor at 0)
ferrate(ll1), tpipsptatuesephepyl Lwnms@ap%a@ﬁﬁé@amaﬂe)aemtaMm Iy,

bi s(undecahydri 49+ & SH1GAL @W il ckelate(ll1), bis(nonahydrido-7, 8-
di net hyl -7, 8- é?%%%%ﬁ%%uéglggorat 0 %‘r%r%%%cﬁl ), bis(tribronooctahydrido-7, 8-
di car baundecaborat o) cobaltate(l11), bis(undecahydri dodi carbadodecabor at 0)
cobaltate(lll)~.an i ndecahydri do- 7- car baundecaborat o) cobaltate(lll). WO
2004/ 067577 P 21 39 [00129] The WC ani on conpositions nost
preferred for formng the

[00130] 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.

[00131] "~ Some preferred classes are:
(A) cyclopentadienyl transition metal complexes and derivatives
thereof.
{B) a substituted carbocation whose composition is represented by the

formula:

wherein Ry, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably Ci to C3q alkyl, aryl, aralkyl groups or derivatives thereof;
(C)  substituted silylium; preferably those represented by the formula:

gt
RySi—%
wherein R, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably Cj to C3¢ alkyl, aryl, aralkyl groups or derivatives thereof;,

(D) compositions capable of generating a proton; and



catal yst systemused in this process are those containing a
trisperfluorophenyl boron, tetrapentafluorphenyl boron anion and / or two
or nore trispentafluorophenyl boron anion groups covalently bond to a
central at o fooem@sacul ar or polynmeric conplex or parti ebysiedsinasC
conponent [001301 In various preferred enbodi ments of this invention the WC
anion is conbined with one or nore catipns that are selected fromdifferent
cl asses of cations and cation sources. [001311 Sone preferred classes are:
(A cyclopentadienyl transition metal conpl exes and derivatives t her eof .

(B) a substituted r he
forrula: R1 RZ C {Pié‘?%%ﬁgﬁﬁ?%?g%ﬂﬂ“ﬁé?%ge% a ky aé%yl

aral kyl groups or deri vepiesaged byhthe émmulaor ef erably C1 to C30 al kyI aryl,
aral kyl groups or derivatives thereof; (C) substituted silylium preferably
t hose represented by the formula: R Rz S+-R3 wherein R1, R2 and R3 are
hydr ogen, al kyl, aryl, aral kyl groups or rivatives thereof, preferably Cl
to C30 al kyl, aryl, aral kyl groups or Jatives thereof; (D) conpositions
capabl e of generating a proton; -and 20 4/ 577 PCT/US2003/ 041221 40 (E)
cationic conpositions of germanium tin or |ead, sone of which are

represent ed byyhertth RQI RY!add Ry ade Hérdgen, 88y, aryl, aralkyl groups or derivatives
thereof, preferably Cy to C3¢ alkyl, aryl, aralkyl groups or derivatives thereof, and
R* is Ge, Sn or Pb.

A. Cyclopentadienyl Metal Derivatives

[00132] Preferred cyclopentadienyl transition metal derivatives include
transition metals that are a mono-, bis- or tris- cyclopentadienyl derivative of a
group 4, 5 or 6 transition metal, preferably a mono-cyclopentadienyl (Mono-Cp)
or bis-cyclopentadienyl (Bis-Cp) group 4 trangition metal compositions,

particularly a zirconium, titanium or hafnium compositions.

[00133] Preferred cyclopentadienyl derivatives (cation sources) that may be
combined with weakly-coordinating anions are represented by the following
formulae:
(A-CpMx T,
(A-Cp)MLt;
Cp*
I +
Y—M

i
CpR



wherein Rl, R2 and R3 are hydrogen, alkyl, aryl, aral kyl groups or
derivatives thereof, preferably d to C30 al kyl, aryl, aral kyl groups or
derivatives thereof, and R* is Ge, Sn or Pb. A Cyclopentadienyl Metal

Derivati veswd')%m&]mPr eferred cycl opentadi enyl transiti %ngm,llmpﬁ;l vatives
include transition netals that are a nono-, bis- or tris- opent ad| enyl

derivative of a group 4, 5 or 6 tranS|t4 on netal, preferably a

nono- cycl opent adi enyl (Mno-Cp) or bis-cycl opentadi enyl (Bis-Cp) group 4
transition nmetal conpositions, particularly a zirconium titanium or

haf ni um conposi tions. [00133] (#rgferreagd)cycl opentadi enyl derivatives (cation
sources) that may be conbi ned W E-%eakl y- coordi nati ng ani ons are
represented by the foll ow ng or mul ae™~(A- Cp) MX1+; (A-Cp) M+; Ip* Y- M
CPR WD 2004/ 067577 PCTI L%ZS) 3/ 041221 41 §4+HS Y-x Sx) (A)y M\ z X JR
(z-1-Y) Y (5 HS-Y-x Sx) [ XY wher A-Cp) is either (Cp) (Cp*) or
Cp- A -Cp*; Cp and Cp* are thessane or dj ferent ¥cl opent adi enyl rings

substi t ut ed v

R (z-1-y) . and

(CSH S }

wherein:

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

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

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

A is a bridging group, which group may serve to restrict rotation of the Cp
and Cp* rings or (C5H5.yxSx) and JR'(z_{ ) groups;

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

yisOor;

(CsHs.y-xSx) is a cyclopentadienyl ring substituted with from zero to five
S radicals;

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



with fromzero to five substituent groups S, each substituent group S being,
i ndependently, a radical group which is a hydrocarbyl,

substi t ut ed- hydrocarbyl, hal ocarbyl, substituted-hal ocarbyl,

hydr ocar by kysstebds#t €d organonetal | oi d, hal ocar byl - suQ&%%ﬁglnz 1
organonetal | o1 d, disubstituted boron, dlsubstltuted pni ct ogen, substituted
chal cogen or hal ogen radicals, or Cp anq Cp* are cyclopentadienyl rings in
whi ch any two adjacent S groups are jOIned formnga C4to C0 ring to give
a saturated or unsaturated pol ycyclic cycl opent adi enyl Iigand Ris a

b | bonded
e et o o O e 158 P RS RY hAdFR e 18 ol 3 g0 10
rotation of theo/RatighdudBer SHithQs oPh agl(’&%"i%_édexﬁéﬁ)mﬂ{‘_g celﬁdinaﬁén ¥imgroups; M

is agroup 4, 5, or 6 transition net yIs 1, (GOH5-y-xSx) is a
cycl opent adi ewﬁﬂ,mﬁﬁgibblm@ogqmpwphﬁmh oxyg@mozeulﬁlrx ofive Sradicals; x is

fromO to 5 denoti Rg S 2004/ 067577

PCTI US2003/ 041221 &42§€%(#§&F&§)gpl ’I%Q%;éﬁlb roa é’and in which Jis a
group 15 el ement wiX fand Xfmeoﬂndqiehdunﬂywbﬁdndﬁ rhdit‘;ﬂ,e hydrosarhylodichfy el ement
wi th a coordi nation nunber of preferably nitrogen, phosphorus, oxygen or

suljf ur; dF\" :s sabsuymd)gmmbg rr@dltpa,l, mlwa@yhmﬂytalanulahmd kplanarbyl yadivali X1 are
hyelr boar byl 1 A EXrobfEys 3 FBloco by BRRLEY bedaRithERloiq AU, ppHilg, o

and hydrocar b)ﬂmctc@ﬂdrdiﬁdaﬁ;@&&ﬁ)&hﬁﬁdmmbbg&eﬁ&ﬁmgaﬂdmet all oi d radical,
substituted pnictgogen radical, substityted chal en radicals; and L is
an ol efin. diolefihIigAn akgﬂéﬁplﬁaaﬁawllgéni&@m&mﬂiﬁ%@s €e. 1001341

Addi ti onal cycl opentadi enyl conpounds that nmay be used in this

[00134] Additional cyclopentadienyl compounds that may be used in this
invention are described in U.S. Patent Nos. 5,055,438, 5,278,119, 5,198,401 and
5,096,867, which are incorporated by reference herein.

B. Substituted Carbocations

[00135] Another preferred source for the cation is substituted carbocations.

Preferred examples include substances that are represented by the formula:

1

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

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

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

significantly enhances the polymerization of isobutylene.



invention are described in U S. Patent Nos. 5,055,438, 5,278,119, 5,198, 401
and 5,096,867, which are incorporated by reference herein. B. Substituted
Car bocati ons 100135] Another preferred source for the cati on is substituted
car bocat i O%moﬂﬁ@,gﬁrred exanpl es i ncl ude substances that.. ?ﬁﬂaﬁsent ed by
the formula: R1 C-R3 wherein Rl, R2 and R3 are |ndepen ydr ogen,

or a linear, branched or cyclic aromatr or aliphatic groups preferably a
Cl to C20 aromatic or aliphatics group,4 provi ded that only one of RlL, R2 or
R3 may be hydrogen. In a preferred enbodi nent none of Rl, R2 or R3 are H.
Preferred aromatics include phenyl, toluyl, xylyl, biphenyl and the Iike.
Preferred aliphatics include nethyl, ethyl, propyl, butyl, pentyl, hexyl,
octyl, nonyl, QlSaydtinnteDsi®dinm Caigret hyl pentyl, 3,5,5- trinmethyl hexyl and the
like. In a particularly preferred enbodi nent, when Rl, R2 and R3 are phenyl
groups, the addition of an aliphatic or aromatic al cohol significantly
enhances the rizagd o s n VR P4/ gﬁngOSI 041221
43 C. Substi m ggPS I yfd u%ngcglﬁ o] %%%%S%inbl n angt hg‘r@gsgrale dgrcrgie]L nbodi nment ,
substituted sichmpositionscpnefenably Frisubstituted sidslau yomposmﬂnstarﬂ camebingi withi um

conpositions mbined .wi ol yer i LS Pref rred
silyliumcati %@Aﬁ&gwlﬁglgg@ %‘8?%2\/?t 13%"85 1‘%8“1? Bélr?ﬂf ge X3
wherein Rl, Rbyaldfoldulaare i ndependently hydrogen, or a I|near, branched or
cyclic aromatic or aliphatic group, with the proviso that only one of R,
R2 and R3 may be hydrogen. Preferably, none of Rl, R2 and R3 are H.
Preferably, R R2 and R3 are, |ndepeRIlentIy a d to C20 aromatic or

al i phatic group. Modre preferably, Ri,

R-——S——R
2 _|_1 3

wherein Ry, R and R;, are independently hydrogen, or a linear, branched or cyclic
aromatic or aliphatic group, with the proviso that only one of R, Ry and R3 may -
be hydrogen. Preferably, none of Ry, R and R; are H. Preferably, R, R; and R;
are, independently, a C; to Cy aromatic or aliphatic group. More preferably, Ry,
R, and Rj are independently a C, to Cg alkyl group. Examples of useful aromatic
groups may be selected from the group consisting of phenyl, tolyl, xylyl and
biphenyl. Non-limiting examples of usefu! 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.

[00137] 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,



R2 and R3 are independently a Cl1 to C3 al kyl group. Exanples of useful
aromatic groups may be selected fromthe group consisting of phenyl, tolyl,
xylyl and biphenyl. Non-limting exanples of useful aliphatic groups may be
sel ected fﬁ@ooh&“;‘/ group consisting of methyl, ethyl, p , pentyl,
hexyl, octyl, nonyf, decyl, dodecyl, 3-nethyl pentyl ange?ﬁblsmo%’cfﬁfh

3,5, 5-trinethyl hexyl. A particularly preferred group of reactive
substituted silyliumcations nay be sel &ted fromthe group consisting of
trinmethylsilylium triethylsilyliumand benzyldinethylsilylium 1001371 For
a di scussion t abl e. f ot s, .of ~1.he substituted silyliumand synthesis

t hereof, see ﬁ‘Aéo%csﬁlgﬁiﬁ@blﬁ?f{gf’?%u ,g—m ®WRced I norganic Chemstry, John
Wl ey and Sons, New York 1980. Likew se for stable forns of the cationic

tin, germaniu | ead conpositions and synthesis thereof, see, Dictionary
of O ganonet g#“ﬁgg] corrpéu'ﬁﬂ’éﬂ,‘ SR WeéﬁHOQ-HIaPYR%%PW@Q’QHPIWC%OM 067577
PCTI US2003/ 04 1eddn vﬁféﬁ%n%m ORth ! B8 \@E@tﬂoﬁﬁgﬁaﬁﬁg%ﬁcﬁa} bH% @Oé]?l}sogﬁfaﬂ [00138]

A fourth source for the cation I's any conpou that wll produce a proton
when conbi ned coptaimingha weaklytgoordinatiag remidnn g Protorsnmey be geveratssli fromnthe

Feaction of a dn of 8ablsr oA AR E RORER: T el RERB e ah et 1 g,
non- nucl eophintleophilicoanion with waiet;ralcohdlan phtnod prepdie eoproghicetherproton gadoduce t he

proton and the corresponding by-product, (ether _in th ase_ of an al cohol
or phenol and e FeEsBPRdRE Yl‘é’r‘tdége(ﬁﬂermﬁt@'f")‘iasesﬁgﬁnré%’i‘t’f%Phﬁ‘iplli‘é‘dpref erred

in the event GRAholli¢he 6&@@%&%}%&&%@&%5%@&&&&8&infhée@e%?ﬂﬁf ¥l th the

protonated additive as conpared” wWith its reaction with the olefin. Qher
prot on gener atéasgor efithe zatbocationseltlis fasterovith thequptbuatgd adsditine) assompardt he | i ke.

Simlar chem g5l |.i.&ed M ' | In a
particularly 'B%lg#igsfrree g&ﬁ%ﬁﬁﬁglﬁ:ﬁﬁ. \9{%&#}@5& @e&%g%?%%gk%%ﬁdl%r oups,

t he additi on ahrbaxyliad dcidsaandcthe liker Similar cherhistries magibgnedlizedmtithysilybwrhances t he
ol ymeri zation of isobutylene.. [00139]. Anot her.. net had t ener.gt e a proton
(F:)orr)};ri ses contRs % )g,? r quﬁparuchar(fy pre]ferrea em odu:ncn%, When 1?1, ) andal£3 are D

phenyl groups, the addition of an aliphatic or aromatic alcohol significantly

enhances the polymerization of isobutylene.

[00139] Another method to generate a proton comprises combining a group
1 or group 2 metal, preferably lithium, with water, such as by means of in a wet
diluent, in the presence of a Lewis base that does not interfere with
polymerization, such as an olefin. It has been observed that when a Lewis base,
such as isobutylene, is present with the group 1 or 2 metal and the water, a proton
is generated. In a preferred embodiment the weakly-coordinating anion is also
present in the "wet" diluent such that active catalyst is generated when the group 1
or 2 metal is added.

ACTIVE CATALYST SYSTEM

A. Cyclopentadienyl Transition Metal Compounds

[00140] 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



1 or group 2 netal, preferably Iithium with water, such as by neans of in a
wet diluent, in the presence of a Lewis base that does not interfere with
pol ymeri zation, such as an olefin. It has been observed that when a Lew s

base, suchygsooks@out yl ene, is present with the group 1ppk Z.008hahs2Nnd the
water, a proton 1s generated. In a preferred enbodi ment the

weakl y-coordi nating anion is al so presgpt in the "wet" diluent such that
active catalyst is generated when the group 1 or 2 netal is added. ACTIVE
CATALYST SYSTEM A. Cycl opent adi enyl Transition Metal Conpounds [00140] The

Cp transition netal catigns (CpTm+) can be conpined. into an actjve catal yst
in at |east tGOMPRSRS @P?@%%&ﬁéacqn COBPEBRH FArRPESIRG SO Wi \iisw 04/ 067577

PCT/ US2003/ 0431 1 reaft> & OftRth! %&@%&h&e ahd T VD CwSREGHGRARGYUNEhiC ONTPT i Si ng
the WCA- which then react to form.by-product and thé active

"weakl y- coor diLilakisegthep@pTmt chmpinddray dliebdifeotycombined dvifithe AVEA- be
directly conbined with the - to formthe actiﬁle catal yst system
Typically thet the asine Salalyw Bterhe Typigallyo ec WiGA ds sorbimed paththe i os of 1

to 1, h ti f 100.t0.1 T WCA) .. al Kk, i ti
of this i nvenPloIcAtoD tofe i Bire oE T P dnniveirarg® &R L Grtml By °°
reacting a tr anGA) alsmworkEihahe Moo vNthisihidntispe neutral Lewi s acids, such as

B(C6F6) 3n, which upon reaction with a hydrolyzable ligand ()Q of the
transition metal conmpound forns an anion, such as ([B(C6F5)3(X)]-), which

stabilizes chmﬁQH oni C AL#ANSHohRtalBsh! can HREGH e(ggg%ﬁig a¥ankifi§n r €act i on.

[00142] A novel aspect of this invention I's the actiVve carbocationic
catal yst conpietat compeund with sorpegeutmaloLewis a¢ids shclbas Béipteizanwbithinpon he
formul ae: (A

- M- (--CH2-- - - CH2- - + Xl
(A-Cp) M- (- - Cpggzlw{th # y@q@%&;@&x% of ﬂ?granvgi:t?\on metal compound forms an
anion, such as ([B(CgF5)3(X)]"), which stabilizes the cationic transition metal

species generated by the reaction.

[00142] A novel aspect of this invention is the active carbocationic catalyst

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

(A-Cp)l\I/I--(--CHz--CGg-)g--CHg--CGg"LWCA'
X

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

il
Y——I\{I--(--CHZ--cez--)g--CHz-CG;NCA'
CpR



L Cp* Y-M-(--CH2--C&X--)g-CH2- C&NCA- CpR WD 2004/ 067577 PCT/ US2003/ 041221
46 (C5H5-Y-x Sx) (A') (CH2-CX-)g -CH2-C&X+NCA TR (z-1-Y) XY and
(C5H5-Y-x SOM- (CH2-CRXR-)g -CH2-C&2-NCA- R' Xy wherein each Gis

i ndependentyy2do¥eh79@en or an aromatic or aliphatic gr Ou?CTfUﬁfﬂ%&l&ﬁ%' y a d
to ClOO aliphatic group, and g is an integer representing t er of
nononmer units incorporated into the gro%ng polymer chain, g is preferably
a nunber greater than or equal to 1, preferably a nunber from1lto about
150, 000. WCA- is any weakly-coordinating ani on as descri bed above. All

ot her synbols are as defined above. [001431 I n another enbodinment this

i nvention also provides active cat aI yst conpositions which can be
represented by the fornul ae; %’% W\CA- +M (--CH2--C&R--)g--CH2--Ccx ; X
(A-Cp) WD 2004/067577 PCTI U 9 ﬂd‘ﬁ

WCA- +M - (- - CH2- - C&X2--) g- - CAH2- - C&2

(A")y (CH,-CGy-), -CH,-CG, 'NCA

2N

IR (2-1-y)

; and

(CSHS -y-x

/ — (CHy-CGyp-)g -CHy-CG, 'NCA’

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

Xy

preferably a Cq to Cypp 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.

[00143} In another embodiment this invention also provides active catalyst

compositions which can be represented by the formulae:
(A-Cp)
|
WCA" *M--(~CHp—-CGp--)g—-CH2--CGy ;
X1

(A-Cp)



L Cp* WCA- +M-(--CH2--C&X2--)g -CH2--C& OCpR (CSHS-Y-X S,J / \NCA (A)y
M- (CH2-CR-)g -CH2-C& JR (z-1-Y) Xy XY and (CoH5-Y-X SO\ NCA +-
(CH2-C&XR-)g -CH2- & R' XY wherein each Gis independently a aliphatic or
aronmati ¢ ggRHbosdreierably a G to Cl00 aliphatic or apeygkigesefipnP. and g
is an integer representing the nunber of nonomer units 1 ncorporated into
the grow ng polynmer chain, g is preferaq%y a nunber greater than or equal
to 1, preferably a nunber from1 to about 50,000. WO 2004/ 067577

PCT/ US2003/ 041221 48 WCA- is any weakl y-coordinating ani on as descri bed
above. Al other synbols are as defined above. B. Substituted Carbocation
and Silylium Conpounds [|00144] Ceneration of trisubstituted carbocati ons and
silyliumcations HWCAbeW@LCH?ngd}zb -QT1$-L5G, isn the polymerization or in
situ. Pre-formation and isolation oi"the cation or the stable cation salts
may be acconplished by reacting the alkali'or alkaline earth netal salt of
t he weakl y-coordi nating anion with the corkesponding hal ogen of the
potential carbocation or silyliumsimlarly to methods known in the art.
Formati on of the substituted @iﬁbocations or silylium in situ occurs in a
simlar manner to stable salts1, but within the vessel and at the

WCA’ 4;1\/1--(--CH2--C(32--)g--CH2--CG2

CpR
Y
(CSHS-y-x Sx)
\NCA'

(A"y /M+-—— (CHp-CGy-)g -CI-IZ-CIGZ

R 1) X, %

; and
(CSHS-y-x Sx)
NCA™

M'—— (CHy-CGy-)g -CHy-CG,

/

RII Xy
wherein each G is independently a aliphatic or aromatic group, preferably a C1 to

Cq00 aliphatic or aromatic group, and g is a n integer reptesenting 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.



desired tenperature of polynerization. The advantage of the latter procedure
Is that it is capable of producing carbocations or silyliumcations

otherwi se too unstable to be handled by the first method. The cation or the
precur sor tion is typically used in 1to 1ra e WCA,
however ratki‘bogs(ﬁg?ﬁﬁiﬁto 100 (C+ or Si+ to WCA) al so mrkb?ﬁstm.ﬁg&pl)%ﬂctlce of
this invention. [00145] A novel aspect this invention is the active
carbocationic catalyst conplex which is formed and which can be represented
by the formulae: RI R CHzZ CGz)g CHZ C&+ NCA- RZ wherein each Gis

I ndependent | y rogen o ocarby| gro erabl tq C100

al i phatic groﬁéﬂa Wgakﬁ; ?p%rc{“l@gg,ag}og égg‘rﬂ ?‘F?e /Ptﬁr?ﬁ?frfsb‘fl bolspnomer
units incorpog&tﬁqeﬁﬁgdqbbb@ growi ng pol yner chai n, g is preferably a nunber
greater than or equal to 1, preferably a nunber from1l to about 150,000. WO

2004/ 067577 PCTI U82003/ 041221 49 WCA- is any weakl y-coordi nating ani on as

descri bed abo am;g ed above. [001461 Yet
anot her novel —aepwew:'i o 2l i1t €0 gaﬂdgtlve carbocationi c catal yst

conpl ex which is formed and whi ch can be represent ed by the fornulae: ' Rl
R2 Si - (CHz- |n each mdependently
hydr ogen or ﬁﬁ%hatlgﬂ(‘ﬁm ?“(':"Stbﬁ\g’g ?Ib’ HPRS BIN0

al i phatic group.peABfndl béfork dsel ﬁtﬁgq&lﬁ&@fz@tﬁﬁw 'ﬁgsfhlﬂe PréUgTRRfio fandronomer
units |ncorporated into the growi n ymer chain, g is_ preferably a nunber

greater than dsolatgngf theocation gy @pétaglﬂ %atlan salistyasy be eneomplished By geacting0, 000.
WCA- is any “%MQPQP&EM%&HE R0 Y e FEDEH0 ARG adibh with the

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

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

[00145] A novel aspect of this invention is the active carbocationic catalyst

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

R,

R: % {CH,=CG,)y=CH,=CG," NCA’
Ry

wherein each G is independently hydrogen or a hydrocarbyl group, preferably a
C1 to Cjqq 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.



ot her synbols are as defined above. Ge, Sh, Pb [001471 In addition cationic
conpositions of germanium tin or |lead, nay be used in conbination with the
WCA' s described herein. Preferred conpositions include those which are
represente rmula: 11 R2 R* -R 3 WD 2004/ 0675 3/ 041221
50 wherei n‘%@?oo@@lgﬁg R3 are hydrogen, alkyl, aryl, ar alz’%;ﬁggéogﬁégﬂor
derivatives thereof, preferably d to 0 al kyl, aryl, aral kyl groups or
derivatives thereof, and R* is Ge, Sn Pb. In a preferred enbodi ment the
R groups are a G to C10 alkyl, preferably nethyl, ethyl, propyl, or butyl.
Hydr of | uorocarbons., [00148] Hydrof] uorocarbons_are preferably used as

di luents in t TECAT issany: weaklyyeaordinsing soismeaassleseribed ghpYem apllytherisymbels her

hydr of | uorocarép,odggc ed dbov&ONMbi nation with other diluents. For purposes of
this invention and the clains thereto, hydrofluorocarbons ("RFC s" or
"HFC') are defined to be saturated or wunsaturated conpounds consisting
essentially of ogeny,.carbgn and fl uorine rovi ded that,at |.east one
carbon, at Ieey%'{ﬁgne hyg%gaélﬁﬂ'gﬁdmgtﬂflaegg%c(t 8F|eth?ﬁ JBY"T“% n ésreth?)r%cggﬁt.
[00149] | n certbbtutionieegial@nécuplehehith lisifibed aftbwhivhcah e rerdsemedBpr bons
represented by the fornula: CxHyFZ wherein x is an integer from1l to 40,

al ternativel ytWefommlago 30 alternatively from1 to 20, alternatively from1
to 10, alternatively from1l to 6, alternatively from2 to 20 alternatively
from3 to 10, alternatively from3 to 6, nost preferably from1l to 3,
wherein y and z are integers and at Reast one. [00150] Illustrative

exanpl es i nclude fluoronethane; diflugronethane; trifluoronethane;
fl uoroethane; 1, 1-difluoroethane; 1,2{difluoroethane; 1,1, 1-
Ry Si (CH,-CG,)g -CH, -CG2+ NCA™
Ry

wherein each G is independently hydrogen or an aliphatic or aromatic group,
preferably a Cq to Cyq¢ alipbatic group, and g is a n integer representing the
number of monomer units incorporated into the growing polymer chain, g is

preferably a number greater than or equal to 1, preferably a number from 1 to
about 150,000. WCA" is any weakly-coordinating anion as described above. All

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

[00147] In addition cationic compositions of germanium, tin or lead, may
be used in combination with the WCA's described herein. Preferred compositions

include those which are represented by the formula:

1

R;—R* —R
+

2 3



rifluoroethane; 1,1,2-trif
etrafl uoroethane; 1,1,1,2
I

Iuoropropane; 1,1-8'%

| uoroet hane; 1,1,1,2-tetrafl uoroethane; 1,1, 2, 2-
, 2- pent af | uor oet hane; 1-fl uoropropane;
i fl uoropropane; 1, 2-difluoropropane;

i fluor 2z 2,2- difluoropropane; 1,1,1-triflu

trifpﬁg?gg@€%2%e; 1,1, 3- tr|fluoropropane 1,2, 2- ?ﬁﬁﬂ#ﬂﬁﬁ 121
rifluoropropane; 1,1,1, 2- tetraf“%oropropane

tetrafl uoropropane; 1,1, 2,2-tetrafl uoropropane;

tetrafl uoropropane; 1,1, 3,3-tetrafl uoropropane;

tetraf 5 U

R L e
UOr 0PI GRERSY, prefetably €1 30 Q?G Eﬁii 4, QPR 3RKps or derivatives thereof, and

, 3- pent af | uor opr opanég; 72, 3- hexafPuoropropane;

, 3, 3- hekaid GerSmpooPaneln alprkfeired, eﬂbedmibﬁt(&felRl(gﬂﬁﬁ)B apan€) to Cp

, 2,3, 3-heptafl uoropropane; 1,1,1, 2,3, 3,3- heptafl uoropropane;
obut anealky, freferablomethple ethyl, progyk bubmtybut ane: 1, 2- di | uor obut ane:
| uor obut ane; 1, 4-di fluorobutane; 2,2-difl uorobutane; 2, 3-

obut ane; 1,1, l-trifluorobutane; 1,1,2-trif|uorobutane;

rifl uoerh!:bﬂlﬂtﬁOcarHansl, 4-trifluorobutane; 1,2,2-trifl uorobutane;
ri fluorobutane; 1,3,3- trifluorobutane; 2,2,3-trifl uorobutane;
tetrafl uorobutane; 1,1,1,3- tetrafl uorobutane;

tetraf jpgpygpbut aﬁ?y&&l&r&m%bh@ﬁfe%r&féﬁb%&%,dxlﬁeﬂts tn §1e present

é r %Iuorobutane 1,1,2,4-tetrafl uorobutane; "1,1, 3, 3-tetrafl uorobutane
_ 't et r aivensionbwlense or 1in] cambinaon awithy oatbasuthaerefluorocarbons or in

4
3-tetraf t r ng
3-tetraf ‘lfouorr%oﬁ% iﬂgl' Ot%elzdlﬁ" ﬁtst e@& ?H Og%o asf]iggen?oa aéld éh ¢ claims
| uor obut thereto, hydrpﬂlu&pé’arbmt @HFgBY (obUHE@é); art, defihed 13 bp eatimtdduar obut ane;
2, 4- pent af | uor abut ane; 1.3, 3- l.yor.obut an
| uor obut AT "1"% “i’mPf“f&d%é%‘éﬁf‘%ﬁ Fifg‘?‘lﬁ’h °5#’é’df°g°n’ Ehfbon dn hioine,

: ;23,, 3- pent grblided tatiataest ond cakben, 4t faftaine ?th@éﬂ)bﬁﬂ a@Rast one fluorine
3
3,
uo
2

uor opr opane;

-t
3-
3-
3-
2,
lu
3
, 2
2
r
i f
;
-t
-t
2-
4-

3-pent af |l uorobutane; 1,1, 2,4, 4- pentafl uorobutane;

4- pent " PE8fBbuUt ane; 1, 2, 2, 3, 3- pent af | uor obut ane;

4- pent af | uorobutane; 1, 1, 1,2,2,3 -hexafluorobutane; 1,1,1, 2,2, 4-
orobutane; 1,1,1, 2,3, 3-hexaf | uor obut ane,

3, 4- he[;ﬁﬂl49]or obUt @ertgin embodiments, the diluent comprises hydrofluorocarbons

represented by the formula: C,H,F, wherein x is an integer from 1 to 40,
alternatively from 1 to 30, alternatively from 1 to 20, alternatively from 1 to 10,
alternatively from 1 to 6, alternatively from 2 to 20 alternatively from 3 to 10,
alternatively from 3 to 6, most preferably from 1 to 3, wherein y and z are integers

and at least one.

[00150] INustrative examples include fluoromethane; difluoromethane;
trifluoromethane; fluoroethane; 1,1-difluoroethane; 1,2-difluoroethane; 1,1,1-
trifluoroethane;  1,1,2-trifluoroethane;  1,1,1,2-tetrafluoroethane;  1,1,2,2-
tetrafluoroethane; 1,1,1,2,2-pentafluoroethane; 1-fluoropropane; 2-fluoropropane;
1,1-difluoropropane; 1,2-diflucropropane; 1,3-difluoropropane; 2,2-
difluoropropane; 1,1,1-trifluoropropane; 1,1,2~trifluoropropane; 1,1,3-
trifluvoropropane;  1,2,2-trifluoropropane;  1,2,3-trifluoropropane;  1,1,1,2-
tetrafluoropropane; 1,1,1,3-tetrafluoropropane; 1,1,2,2-tetrafluoropropane;
1,1,2,3-tetrafluoropropane; 1,1,3,3-tetrafluoropropane; 1,2,2,3-tetrafluoropropane;



- hexaf |l uorobutane; 1,1,1, 3, 4, 4-

4. 4- hexafl uorobutane; 1,1,1,3,3,4
ob f r obut ane;
4-

utane; 1,1,1, 4,4, 4-hex u

Q -

m*
CQC RPRRPPPPRPOONTR

WrRrRPRPRRPRPRPRPRPRPREXP

af |l uo
, 3- hexaf | uorobutane; 1,1, 2,2, 3, 4-hexafl uor obut ane;

3-
, AvBe¥afkitef obut ane; 1,1, 2,3, 3,
hexaf | uor obut ane; 1, 2, 2, 3, 3,

hexaf | uor obutRRGis2003/041221
4- hexaf | uor obut ane;

, 3- hept af | uor obut ane; 1 1 1,2.2,4, 4- hept af | uor obut ane;
, 4- heptafl uorobutane; 1,1,1, 52 3, 3, 4- hept af | uor obut ane;
, 4, hept af | uor obut ane; 1 1,1,2,4,4, 4-hept af | uor obut ane;

4-

3

3

4, 4-

44 IFBALLAGORAE 1 Ly P 8dladoBbpbloor OOy 206
4,4

3 3,

2,
uor o
2,3
2,4
3,4
2,2,
2,2,
2,3
3,3
2,2
2,2
2,2,
r
2

, 4, pentafladbbiapeney bt 2263 pehtaflubraprapare; 41,45 2s3c3 ﬁéﬂtﬂﬂmﬁ“ﬁme;

: : af l.uor obut ane; 4,4 nonaf r.oput ane;
. hﬁ&%ﬁﬁﬁ@ﬂwﬂpr@mﬂﬂ s bz Epsispimene o LESIRY

| uoro axdmﬂ epaene; 1, 111,12@3‘3-&1 tﬂi&ré{e&ﬁe&%/ 0675171712333-

003/ 041221 5 net hyl propane; 1,1, 3-trifluoro-2- nethylpropane

| uor o- 2hepiafl P%Pm%yﬁ mbiieee; 2-Auorolatans; r hidiflosobmtaser hyd-pr opane:

f

3-tetraf

trifl uor%lhg&%@f ugfoﬁé??ﬁupﬁogpgﬂgne’*dfhfqb g, 2én fiporobutane; 2,3-
pr opane;difludroBytanet d1l; hirflvorabuné;f1, ll,ﬁ#tnﬂMertarm; d;ia’hmﬂuorobutane
3-
f
t
t

1 —
=5 -

i f
S
[

g}

PRPORPRPRPRRPPRPPRPRRPRTE
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| or ooy AutRsnebints| TR BRSPS odytobut ane;

rifl uor@ighelobiahane;?2 2l3-h-1t310r6511tsideuor PQMCJ-&&Hﬂ@ﬁSbutane 1,1,1,3-
ri fluorocycl obutane; 1, -tetrafl uoroc%{cl obut ane

, 3- tetraf@ﬁ@?‘lﬁ’muthhb’“ t&“"ﬂ“?mi’u@n?)edt]a? {srdlegobBntadd; 2, 1, 2, 3, 3-
fl uorocyc ?&fatan@ 4 P2 4- é‘orlqcy?ltﬁ%?laﬁfgyﬁutaﬁe 1%% 32%3 a-

hexaf | uor ocycl obut an 1,1,2,3,3,4 exa uor ocyc 3, 4-
hept af | uor ocycﬂetnmnoaﬂm,'canandl hﬂ,ﬂttctraéblotdbataaqf 1&'1332;131t¢traﬂudn0hgtam,xtlﬂl;23@- of

unsat ur at ed HFC descri be I ar.| Lhe HFC | ude
di fl uor onet han m’q YOI %Fnﬁe?ﬁ?ﬁw ?u&r‘%%? % g‘i i 323”:?
trifl uor oet hanetrafiickstat28Et hangd,2 apdltﬂﬂubmhu&nb et rB,i Ilm;g pﬂitdf’[hibﬁ)bu{aﬁé}lSl]

Il lustrati ve exa Ies of unsaturated hydroflu carpons i ncl ude
1,11, rrp 2,4-pentafluorobutane; lyl 1,3 3-pentaﬁuoro utane; I1,1,3,4-

- di
3
3
y
1,
- di
2-
3-
3
a
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pentafluorobutane;  1,1,1,4,4-pentafluorobutane;  1,1,2,2,3-pentafluorobutane;
1,1,2,2,4-pentafluorobutane; 1,1,2,3,3-pentafluorobutane; 1,1,2,4.4-
pentafluorobutane;  1,1,3,3,4-pentafluorobutane;  1,2,2,3,3-pentaflucrobutane;
1,2,2,3,4-pentafluorobutane; 1,1,1,2,2,3-hexafluorobutane; 1,1,1,2,2,4-
hexafluorobutane; 1,1,1,2,3,3-hexafluorobutane, 1,1,1,2,3,4-hexafluorobutane;
1,1,1,2,4,4-hexafluorobutane; 1,1,1,3,3,4-hexafluorcbutane; 1,1,1,3,4,4-
hexafluorobutane; 1,1,1,4,4,4-hexafluorobutane; 1,1,2,2.3 ,3-hexaﬂuor0butan¢;
1,1,2,2,3,4-hexafluorobutane; 1,1,2,2.4 4-hexafluorobutane; 1,1,2,3,3,4-
hexafluorobutane; 1,1,2,3,4,4-hexafluorobutane; 1,2,2,3,3,4-hexafluorobutane;
1,1,1,2,2,3,3-heptafluorobutane; 1,1,1,2,2,4,4-heptafluorobutane; 1,1,1,2,2,3,4-

heptafluorobutane; 1,1,1,2,3,3,4-heptafluorobutane; 1,1,1,2,3,4,4-
heptafluorobutane; 1,1,1,2,4,4,4-heptafluorobutane; 1,1,1,3,3,4,4-
heptafluorobutane; 1,1,1,2,2,3,3 4-octafluorobutane; 1,1,1,2,2,3,4,4-
octafluorobutane; 1,1,1,2,3,3,4,4-octafluorobutane; 1,1,1,2,2,4.4.4-
octafluorobutane; 1,1,1,2,3,4,4,4-octafluorobutane; 1,1,1,2,2,3,3,4,4-

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



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

i fl uoropropene; 1, 3-difluoropropene; 2,3-difluoropropene;

| fl uohpRLRREHR77 1. 1, 2-trifluoropropene; 1,1,3- triflWarontoRsae
-trifluoropropene; 1 3,3-trifluoropropene; 2,3,3- trifluoropropene;
-trifluoropropene; 1-f|uoro-|-bute ; 2-fluoro-I-butene; 3-

-l -butene; 4-fluoro-I|-butene; 1,1-difluoro-I-butene;

| uoro-I-butene; 1,3-difluoropropene; 1,4-difluoro-I|-butene;

: 38% : egl?flﬁrﬂganei fl g: H E,grt%ﬂporg%-xéﬁtgﬁpi?’ s, Ilr:J?Il(l}o(h gbUt butene
trifl uor(ﬂudroﬂnuﬂ'@l)pmpéneil 4-11;3-tefrh.ﬂhﬁj’r@-21-méthylpfb@anel 14, %3-tetrafluoro-2-

oro-1-bute uor Q-|. - but ene 3-trifluoro-l-butene;
rifl u&?%hﬁprs 3 i hypr ‘8‘4“@36‘?16&‘1’1)”8?@% 1,1,1,3,3-pentafluoro-2-

t
;' f 1 uorgethy lg‘d?ﬁﬁel 13, ﬁtef’raﬂﬁdrb-le-(ﬂ%l‘éh{eﬂﬂl)bfdﬁﬁme 1,1,1,3-tetrafluoro-2-
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i fluoro-I ene;’ 3. trifluoro-I-bat’ene: 3,44
o- 1- blﬁﬂwemeﬂnylapmp@netfl ﬂml@csrclcrhuta@me t1-liftuosoayelobutaneyor d,2-- but ene;

tet r afEGAPATFlop A CES cltubroyslobhddl; | 21 ork fiane; 1,1

-t
-t
o}
4-
4-
3- t et r afttiflmoreesiclobutaree 1,2:13 ﬁ-;fB:pﬁ)cyelbbmﬁﬂeu ol,0,2| 2~ tetrafhenesyclobutane;
4-tetraflu -1 - but en tetraflugro-1-putene; 1, ,4V\D
Srooy P R pabutise: ¢ o i haruiiiqpalouans 1,0233
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tetr a;ﬂeh!ﬁﬂﬁbrbcﬁlﬂbﬁ&ﬁe, 2, 313283, %E:Qatﬂuufac?clbb&aﬁeene 1,1,2,2,3,4-

tetrafluoro-1l-butene; 2,4,4, 4 A tetraf |l uoro- | - but ene

et r afexaffugrqeyclpbutanes: 3 14,243,3.4thexafboraselobutams; ¢ ené :1,2,2,3,3.4-

B:Eth@{) chrroc)}clc@uf[agﬁg’ané %“%‘“%’4 pent a%tluoro iﬁhgbu %S of

pentuatdturated- HFOst dmnbdd Thetowd, 4Ppnhnu]aﬂy upreferied bHF@\se;nclludﬁ 3,3, 4-

t

3-

4-

4-

uoro-1-put ene;,, 1, 2, 3. nt af |.uo ene

o o Bttt emiie” R ERAE L 1A RatraPiatl 11,1, _ piflugypgthane
. 4- pentfRibkdtime; d1dt1e1) B2-1&raludsodibdne. pent af | uor o- 1- but ene;
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, 4- hexaf | uor o- I-butene 1,1, 2, 3,4, 4-hexafl uoro-1- butene;

hexafl uoro-1 -butene; 1,2, 3, 3, 4, 4- hexafl uoro-1 - but ene;

he[ﬁﬂl ror 0- thHE@J@:eéxa?n 3of4uﬂsaﬂ.u'£l55 QIW“&JC?‘]BM OH‘F Uglut ene;

af | uoro-1-buten 1,1, ept af
4-vinyl ﬂuoride; l,l-diﬂuoroethene, 12 dlﬂuoroethene, 1,1,2-trifluoroethene; 1-

4-
, 4-
141
4

wwh_-hw-b-h

fluoropropene, 1,1-difluoropropene; 1,2-difluoropropene; 1,3-difluoropropene;
2,3-difluoropropene;  3,3-difluoropropene; 1,1,2-trifluoropropene;  1,1,3-
trifluoropropene; 1,2,3-trifluoropropene; 1,3,3-trifluoropropene; 2,3,3-
trifluoropropene; 3,3,3-trifluoropropene; 1-fluoro-1-butene; 2-fluore-1-butene; 3-
fluoro-1-butene; 4-fluoro-1-butene; 1,1-difluoro-1-butene; 1,2-difluoro-1-butene;
1,3-difluoropropene; 1,4-difluoro-1-butene; 2,3-difluoro-1-butene; 2,4-difluoro-1-
butene; 3,3-difluoro-1-butene; 3,4-difluoro-1-butene; 4,4-difluoro-1-butene; 1,1,2-
trifluoro-1-butene;  1,1,3-trifluoro-1-butene;  1,1,4-trifluoro-1-butene; 1,2,3-
trifluoro-1-butene;  1,2,4-trifluoro-1-butene;  1,3,3-trifluoro-1-butene; 1,3,4-
trifluoro-1-butene;  1,4,4-trifluoro-1-butene;  2,3,3-trifluoro-1-butene; 2,3,4-
trifluoro-1-butene;  2,4.4-trifluoro-1-butene;  3,3,4-trifluoro-1-butene; 3,4,4-
trifluoro-1-butene; 4,4,4-triflucro-1-butene; 1,1,2,3-tetrafluoro-1-butene; 1,1,2,4-
tetrafluoro-1-butene; 1,1,3,3-tetrafluoro-1-butene; 1,1,3,4-tetrafluoro-1-butene;
1,1,4,4-tetrafluoro-1-butene; 1,2,3,3-tetrafluoro-1-butene; 1,2,3,4-tetrafluoro-1-
butene;  1,2,4,4-tetrafluoro-1-butene;  1,3,3,4-tetrafluoro-1-butene;  1,3,4,4-



hept af | uor o- 1- but ene; 1, 2, 3,
2- fluoro-2-butene; 1,1-difl
4

3,
uo
1, 3-di fluoro-2- butene; 1, 4-di
1

0-2-butene; 1, 2-difl uoro-2-butene;

| uor o- 2- but ene; 2, 3-di fl uro-2-but ene;
,1-triflywehemdsiys ene; 1,1, 2-trifluoro-2-butene;
,3 trifluoro-2-butene; 1,1,4-trifluoro-2-butene; 1, %£nmsmmymuzn
uor o- 2- but ene; 1, 2, 4- trlfluoro 2- bq%ene 1,1, 1, 2-tetrafl uoro-2-but ene;

,3- tetrafl uoro-2- butene 1,1, 1, 4-tétrafl uor o- 2- but ene;
,3-tetrafluoro-2-butene; 1,1,2,4-tetrafl uoro-2-butene;

t
,4-tet raf e; - u .
2, 4-pe nt a l}lgFO(Z)I %H%S{le 1é&4’314 t%&@ugm?i?%{ééﬁéf %%?’(2)1 tﬁg%i%ogﬁe'buf?ef, 1,4, 4-
| uor o- 2-hH38 drtetraflupfia- B-bﬁteﬂe,p@%,é,ﬁl-te&nﬂneﬂrb-bﬁﬁﬁe 3,3,4,4-tetrafluoro-1-
4
h
h

4,4, 4- hept af l uoro-1-butene; 1-fluoro-2-butene;
;
f

e
T A 5 LSS el 54
e

xaf |péﬁfaﬂu3roblubﬁ&ib 1,12 3;43peﬁmﬁuoﬂae%&itleﬂh@ or 23 lstntﬁéa&ﬂuom 1-
,1,1,2,3,4, 4- heptafluoro 2-butene; 1,1,1,2,4, 4, 4° héptafluoro-2-butene; and

m xt ures t her dotengnd,1i3bé-pentaoore-lthwiens; bi %-D@Mmﬂﬂ@‘t@edégéﬁ,%ed above.
[001521 In on h Uy r A efd
conpounds or &F}ﬁ&gﬁgﬂuen?&mné aelr’iicjig'l’-4 %@g%nfaﬁﬁgn di Hiie)’gt44 ]%%WUOI’I nat ed
corrpounds bei @t@bpgﬁ,MQﬂpmaﬂmrodmm; E,@,Mﬂ-pmtbﬂnora-ﬂeblﬁdnﬂm Bagt4-However ,
i n anot her enbod en t nt corrpr ses a, bl th d may
conpri se perf IR?B eld)é\’/é1 ﬂﬁ’&g’ 3 #’" utepest | g@%‘gﬁ'&ﬁ’éﬁ‘fﬁ‘ﬁ’e{]

hexaf | uor oet hﬂﬂﬁeneOCt af QWM&%ﬂeﬁo@Bﬂenddecafl 21903, 9 DiHeRMRordRl Buhabl y, the
WO 2004/ 067577 PCTI US20037 041221 54 cat aly nononer, and diluent are

present in a shhditehphexsdueno-I-hueng o?ér?e%fsﬂﬁé@uoﬁhﬁ&wg%t sl.h2d.3df4&ci bl e
erbodi ment . ¢ FAPETRR EENERT So CHVErT Rg e T TSt bond TORERY,  or
t hose conpoundspaiingiost-butgnepf 1,213,304 4,|4d1ep1ﬁ1ﬂum'o+lﬁlmtermndl -tlaotdoebut i) 12}3] In
eroLner erooc Gl fheh, N S35 Al S ARRL SRS, ML L MY
preferably noriuddenn | 4QRMARE-2Mikers] € 20efiflirod-biterc; ali| 1 iflubeRd Sutene;
1,1,2-trifluoro-2-butene; 1,1,3-trifluoro-2-butene; 1,1,4-trifluoro-2-butene; 1,2,3-
trifluoro-2-butene; 1,2,4-trifluoro-2-butene; 1,1,1,2-tetrafluoro-2-butene; 1,1,1,3-
tetrafluoro-2-butene; 1,1,1,4-tetrafluoro-2-butene; 1,1,2,3-tetrafluoro-2-butene;
1,1,2,4-tetrafluoro-2-butene; 1,2,3,4-tetrafluoro-2-butene; 1,1,1 ,2,3-pentafluoro-2-
butene; 1,1,1,2,4-pentafluoro-2-butene; 1,1,1,3,4-pentafluoro-2-butene; 1,1,1,4,4-
pentafluoro-2-butene; 1,1,2.3,4-pentafluoro-2-butene; 1,1,2,4,4-pentafluoro-2-
butene; 1,1,1,2,3,4-hexafluoro-2-butene; 1,1,1,2,4,4-hexafluoro-2-butene;
1,1,1,3,4,4-hexafluoro-2-butene;  1,1,1,4,4,4-hexafluoro-2-butene; 1,1,2,3,4,4-
hexafluoro-2-butene; 1,1,1,2,3,4,4-heptafluoro-2-butene; 1,1,1,2,4,4,4-
heptafluoro-2-butene; and mixtures thereof and including mixtures of saturated
HFC's described above.
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, 4-
4-
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[00152] 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 compounds, for example, tetrafluoromethane,

hexafluoroethane, octafluoropropane, and, decafluorcbutane. Preferably, the



I ncl ude hydrofl uorocarbons wth a dielectric constant of greater than 10 at
-85C, preferably greater than 15, nore preferably greater than 20, nore
preferably greater than 25, nore preferably 40 or nore. In enbodi nents

wher e | owe{yo #pd/@eshar wei ghts (typically |ower than 10p8pP8sihsnepsasf €rably
| ess than 5,000 Mw, nore preferably | ess than 3,000 Mv) are des?red t he

dielectric constant may be less than 1 or by adding | arger anounts of
initiator or transfer agent when the dielectric constant is above 10. The
dielectric constant of the diluent Dis determ ned from neasurenents of the

capaci tance o - : | o [ ' [ measur ed
val ue CD], i ng%ﬁy %?fgr@éé]r@%r, %ﬁ:e(ﬁ)@iﬁﬂg&vﬁﬁ mdé éeﬁ@{::? Ir:f%g oggﬁﬁgﬁ%%%l%%%asur ed
val ue Ca], andomponents afemisciblerwith theadiluent aseleffibed i furthacdetsihbelowhdn measur ed
Tho fluid i n APYEm it e Sl S et Edubtise hlosSynebeeions (CEGSE! t ance,
and Cs is theosthogdcondidafdsicdnsistingiofeRloting TRolBs sHd e4Bat.s D is given by the

formula D=((CD-CA) R+ (Ca-CD))/(CR-CA). Alternatively, a purpose-built
i nstrument such as the Brookhaven I nstrunent Corporation BIC-870 nay be

used to neasu kel ecty &@S&ﬁ;&iﬂ? di ' I g%n&ﬁf son of
the dielectri ilﬁ’clgﬂgt antfsIf % of a few sné’l {é’ig%igg&ggﬂdl%%g ag?mé&a 1| S at)rovi ded
bel ow and gr asightsa(My) (wpiceliygreater Biaguis000. MWD p2¢ferablyomeie7than 50,000

PCT/ US2003/ 043221 55 DiJ uent eat .- 85 thyl, chloride 18..34 ..

Di f | uor omet ha Wﬁgl.og‘gpref?rau%y-ﬁf)’fel th o&oﬁyﬁeﬁ%@.%ﬁ c%il,r : 1538"?%%‘]618?‘3& hane
22.18 1,1, 1, fnchelemyiioflacoeibanewiiBa Afelectriclcostantt gk kdr thanOH) #aBSPCl 1. 27
1,1,1,2,2-pentaf | ugroet hane 11.83 [001541 In other enbodi nents, one or nore

REC s are usedrsferably gseates: thep 15, more preferably greater than 20, more preferably
greater than 25, more preferably 40 or more. In embodiments where lower

molecular weights (typically lower than 10,000 Mw, preferably less than 5,000
Mw, more preferably less than 3,000 Mw) are desired the dielectric constant may

be less than 10, or by adding larger amounts of initiator or transfer agent when the
dielectric constant is above 10. The dielectric constant of the diluent ep is
determined from measurements of the capacitance of a parallel-plate capacitor
immersed in the diluent [measured value Cp], in a reference fluid of known
dielectric constant eg [measured value Cg], and in air (4=1) [measured value C4].
In each case the measured capacitance Cy is given by Cy= eCc+Cs, where £ is the
dielectric constant of the fluid in which the capacitor is immersed, C¢ is the cell
capacitance, and Cs is the stray capacitance. From these measurements ep is
given by the formula gp=((Cp-Ca) gr + (Cr-Cp)Y/(Cr-Ca). Alternatively, a
purpose-built instrument such as the Brookhaven Instrument Corporation BIC-870
may be used to measure dielectric constant of diluents directly. A comparison of
the dielectric constants (g) of a few selected diluents at ~85°C is provided below
and graphically depicted in Figure 1.



wi th another diluent or m xtures of diluents. Suitable additional diluents
i ncl ude hydrocarbons, especially hexanes and heptanes, hal ogenated

hydr ocarbons, especially chlorinated hydrocarbons and the |ike. Specific
exanpl es i ned b@eodrdiy are not limted to propane, isobutsaRfisaRSHiIE

met hycycl opent ane, isohexane, 2- nethyl pentane, 3-nethyl pentane,
2-met hyl but ane, 2, 2-di net hyl butane, 2, 3-.di met hyl butane, 2-nethyl hexane,

3- et hyl hexane, 3-ethyl pentane, 2,2- dinethyl pentane, 2, 3-di nethyl pent ane,
2, 4-di et hyl pentane, 3, 3-di nethyl pentane, 2-nethyl peptane, 3-ethyl hexane,
2, 5-di et hyi hexane, 2, 24,- trinethyl pentane, octane, heptane, butane,

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

cycl ohexane, cycl opr , cycl obutane, |[cycl opent met hyl gycl opent ane,
1, 1 -dinethylcycopé%p%ﬁg, cis 1, 2- dinethylcycl%%gﬁfghe,

trans-1, 2-di nmet hyl o “ﬁ nt ane, trans-1, 3- dlnethxhg%clopenta1e,
et hyl cycl opent ane, ?@E g, nmet hyl cygl ohenane, "*“bDenzene, {ol uene,

xyl ene, ortho-xyleneiPF para- [ ene, neta-Aylene, asg éhe hal ogenat ed
versions of all of |[CHEUOIBFEANG, of or abl y |t he chl oPPAdted vers|ons of the
above, nore preferabTy fJuornated versiqns of all the aboye. Brom nated
versions of the abdveldHBometidngsef ul . Specific e%gﬁéles i ncl ide, net hyl

chl oride, WO 200410 fb{/, CI7US20037 041241 56 nekgﬁksne cnfofide, ethyl
chloride, propyl cHilohit@lugegthanech| oridd, chioro and the |ike. [00155]
I n anot her enbodi mgNT,—_ NON-Teactive of erins nay be._used as_ dlluents in
conbi nati on with RAG5L2estmilcmethene| ude,| but are2dé® linited{to, ethylene,
propyl ene, and the [FiRe {00156 T omnme gnbodiment, _tihre AFCT$% used in
conbi nation with a | hESrewilueretipa® ocar fon such d&2fethyl chlori de.
Addi ti onal enbodi mgmts—imctudeustTg—tg—HFC T T conmbratTom W t h hexanes or
nmet hyl chloride and LhéRenesstaflugrogierer lenbodi medl-88he RFC s|are used in

U

conbi nati on Wit h one—or—more gases Tnert to thepotynerization such as
car bon di oxi de, nitrogen, hydrogen,
[00154] In other embodiments, one or more HFC’s are used in combination

with another diluent or mixtures of diluents. Suitable additional diluents include
hydrocarbons, especially hexanes and heptanes, halogenated hydrocarbons,
especially chlorinated hydrocarbons and the like. Specific examples include but
are not limited to propane, isobutane, pentane, methycyclopentane, isohexane, 2-
methylpentane, 3-methylpentane, 2-methylbutane, 2,2-dimethylbutane, 2,3-
dimethylbutane, 2-methylhexane, 3-methylhexane, 3-ethylpentane, 2,2-
dimethylpentane, 2,3-dimethylpentane, 2,4-dimethylpentane, 3,3-dimethyl
pentane, 2-methylheptane, 3-ethylhexane, 2,5-dimethylhexane, 2,24,
trimethylpentane, octane, heptane, butane, ethane, methane, nonane, decane,
dodecane, undecane, hexane, methyl cyclohexane, cyclopropane, cyclobutane,
cyclopentane, methylcyclopentane, 1,1-dimethyleycopentane, 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,



argon, neon, helium Kkrypton, zenon, and/or other inert gases that are
preferably liquid at entry to the reactor. Preferred -gases include carbon
di oxi de and/or nitrogen. [00157] In another enbodi ment the RFC s are used
in combi naiPRedbebiy,one or nore nitrated al kanes, incl ygi C40
nitrated linear, cyclic or branched al kanes. Pref erredygjll"prgza?%%tl%lkanes

i nclude, but are not limted to, nitrom;%]hane, ni t roet hane, nitropropane,

ni t robut ane, nitropentane, nitrohexane, “hitroheptane, nitrooctane,

ni trodecane, nitrononane, nitrododecane, nitroundecane, nitrocyclonethane,
ni trocycl oet han ni.t rocycl opr n nitrocycl.gb e nLtr gpent ane,
nitrocycl ohexgnr?gi,yleﬁfstclhgoﬁf/% Sﬁ‘éﬁ?@ﬂg‘% ﬁ?ﬂg@é@’{‘g&gﬁ"ﬁ}%?ﬂoﬂ‘? rcﬁ%;ﬁtjp ecane,

ni t r ocycl ononaidthe fikér ocycl ododecane, nitrocycl oundecane, nitrobenzene, and
the di- and tri- nitro versions of the above. A preferred enbodinent is
HFC s blended with nitronethane. [00158] The HFC is typically present at 1
to 100 vol uneffegped UROBNithE efmBbdineMO!doiRedbive Niefs! HEP! Ge wibd GLNALI vely
between 5 and 100 volunme % alternatively between 10 and” 100 vol ume %

al t er nat i vel y dijesniseianconsbination Mith HF6r s nBxagpled inchudet hutairs notelimiteshto0 and 100
volume % alt LV t and 100 volune % alternatively between
30 and 100 vo?@%kéhp?@g%r%h%@%ee ye‘V\D 2004/ 067577 PCTI US2003/ 041221 57

bet ween 35 and 100 volunme % alternatively between 40 and 100 vol une %

alternatively en 45 and 1Q0 .vol u % alternatjvely between 50 and 100
vol une % al té&ﬁé&fvel y &t oﬂﬁfle&ﬁgﬁioﬁl:&o‘lsuﬁség%“ St‘?‘%@ﬁl?%‘*‘t“i YtPyapet ween
60 and 100 vehlefiRatdd HdiRaMBAI MRhY ad hetBANcKiSrid) dAAGBoNA! iBodinents
alternatively between 70 and 100 volune % alternatively between 75 and 100

vol ume % al dncludgt wsing $hepHF(ve b cgpbiagtipn] woh \hskenes o mgthyk chlarids, @hd bet ween
85 and 100 vaql %.. .al J h\ﬁ@? : %

al ternativel y%%ﬁ?\%eﬁﬁl %ghﬁégﬁbﬁ%@le%{/to gme o?@ﬁ?@?ﬁé’g’?@&\é@b‘gg@‘m&é‘ﬁ °97 and 100
vol ume % al t exonagasesingrt tdthe pelymefigatondud0s carbon divxide, aitdgal, hpdrogdn, vel y

0,
between 99 an%rg%g,o ne\é%l H&va?krypton, zenon, and/or other inert gases that are preferably

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

nitrogen.

[00157] In another embodiment the HFC's are used in combination with one
or more nitrated alkanes, including C, to C4o nitrated linear, cyclic or branched
alkanes. Preferred nitrated alkanes include, but are not limited to, nitromethane,
nitroethane, nitropropane, nitrobutane, nitropentane, nitrohexane, nitroheptane,
nitrooctane,  nitrodecane, nitrononane, nitrododecane,  nitroundecane,
nitrocyclomethane, nitrocycloethane, nitrocyclopropane, nitrocyclobutane,
nitrocyclopentane, nitrocyclohexane, nitrocycloheptane, nitrocyclooctane,
nitrocyclodecane, nitrocyclononane, nitrocyclododecane, nitrocycloundecane,
nitrobenzene, and the di- and tri- nitro versions of the above. A preferred
embodiment is HFC’s blended with nitromethane.

[00158] 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 Y%, alternatively between 20 and 100 volume %, alternatively between 25
and 100 volume %, alternatively between 30 and 100 volume %, alternatively



In a preferred enbodi nent the HFC is bl ended with one or nore chlorinated
hydr ocarbons. I n another preferred enbodinent the HFC is selected fromthe
group consi sting of nonofl uoronet bane, difluoronethane, trifl uoronethane,
nmonof | uor oRidRgos7dsy 1- di f1 uoroethane, 1,1, 1-trifl uoroethapg 2-
tetrafluoroethane, 1,1,1,2,2, pentafluoroethane, and m xt ursézsoaat/ é%zéof. In
yet anot her preferred enbodi nent the HE—F Is selected fromthe group

consi sting of nonofl uoromnet hane, difl udronmethane, and tifl uoronethane.

[ 00159] In another enbodinment the diluent or diluent mxture is sel ected
based upon itﬁi!a kL5 Ve Ro! . ntaln. dj LR ﬁo.luble I n
the polyner. rg%rgrg}'rie hdll":olr}é"?m ¢ h/giv%ai | ﬁ}g bttegil(ér%g zlsdo#ﬁd:)rlﬁ(l)t%ﬁ in the

pol ymer . Sol ubltdridtivelyi betéréen 45hydre00 velumedsy aledndtivefyobarivagn shendadyner into

a filmof thicknesg, between 50 and_100, m crans, fhen sgaki it Ln diluent
(enough to. coV‘gFmPI(&a? Veq?ngtwﬁe‘hB%F%d EOY %‘E‘?J‘F ‘FﬁaPYﬁliYg &fbYed from
the diluent, gxPoSEdolusthe’ RO BterhQNRES Bétweéh 59andq 06 QLARES %, GleMARRIRL € excess
diluent fromthe surface of th film and hed he mass uptake is

| T
defined as thbeWé%gﬂtaééelqon‘&hgagé’%i aitemévelyiel;e qeﬁ@i%@n%ﬂ%wowk‘i’ong. The

di luent or di - 0 i at : S upt ake
of less than ﬁ%% Br%ﬁ%ﬁbﬁ/%g@?ﬁ%ﬁkgﬁw %}&‘B’ngﬁﬁ?@é‘fé@wan 2 W%
pref erably | eselumk&h, dltemtatiyelyrbetsvepn 80 andab0Q/vdleme %, itarnativdy betiéeer 9D160] In a
preferred enbodj t.. the di]uent or, dilue ] re.is ,selected .such that
the differ enc?‘dog&%gmehé” %ﬁh‘@ﬁ" Brtyeen P? éﬂniﬁwc}’r?lw 2%(?2119‘3’6’89?}3'7

PCT/ US2003/ 041aiken 58 ahd 10TRVHME %, Bd QterhdtirciBerEh 99 ddd 1005vblickoss. 0. 1 wt %
of any diluent, unreacted nononers_and additives is within 15C of the Tg of

the pol ymer nihgureigred embodiment the HEG s fhbended with ene; of imase shlofipstek ness
bet 50 ' - i 6l ht
ey et s P! MoanolilR prddifed BESRIAORNEL HIT, 1 iehls EAWOT | ©

cover the fil hour's at transition tenperature is
det er mi ned by gohupf eensisting| ofS cameflngronwthend, ndiflugropo8@ne, tithadromethae, are wel |

described in thQ mid:Sifind & | PaifdMate, B LIAlorShane, "® 1,1,1,2-

tetrafluoroethane, 1,1,1,2,2, pentafluorcethane, and mixtures thereof. In yet "

another preferred embodiment the HFC is selected from the group consisting of

monofluoromethane, difluoromethane, and trifluoromethane.

[00159] 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 wit%,
preferably less than 2 wt%, preferably less than 1 wt%, more preferably less than
0.5 wte.

[00160] In a preferred embodiment, the diluent or diluent mixture is
selected such that the difference between the measured glass transition



Nature of the G ass Transition and its Determ nation by Thermal Analysis",
in Assignnment of the dass Transition, ASTM STP 1249, R J. Seyler, Ed.,
Anerican Society for Testing and Materials, Philadel phia, 1994, pp. 17-31.

The sanpl ewc0f§cs9ar ed as descri bed above, seal ed i neg} fi1.er soaking
into a DSC sanple. pan, and maintained at a tenperature Egllhgw:y@d%?until

i medi ately before the DSC nmeasurenent,, Preferably the Tg values are within
12C of each other, preferably within 11t of each ot her, preferably within
10C of each other, preferably within 9C of each other, preferably within 8C

of each other, referab el r ef. LLhin 6C of
each ot her, Lf):'r"é" Ié’?'é%lﬁl? %@%Eﬁl% %ﬁhg‘%&ﬁﬁ%{ 'g%p?%& r%‘ﬁ'{egtl’)v%eﬁ%t%&]4c of
each other, mondmerahhd additivesis Bithiafl 5@ ofithe tTigaf theppotyeerahéagued afterit 3C of
each ot her, referably within 2C_.of, each ot her referably within 1C of
each ot her. Pﬁﬂ%??‘i‘ﬁ/qdo‘ﬁt% g‘&%gﬂ[“@g‘fﬁﬁ ehYRE 5913%4?11&5)?‘ \ad Blé“tﬁ‘f"%lpt iced in
continuous angeeRabaléddph ARERS oggl-l:ﬂdrcb{ﬂﬁ-rthéﬁﬁn)'fﬂi/@%th@'ﬂtWCD%@@&% iced in a
plug flow reactor and/or stiffed tank reactors. In particular this

i nventi on naytransitiondemperatire s detammined hydifferential scauningsealerimey @&Mpl es

I ncl ude any r . L Shian GOkt nuous fl ow
stirred tank ?eac F?@g%ﬁlﬁ%sﬁb%@}éﬂ%& o%é?%\%ﬁ'gfebgl Wuggerg‘ghdmﬂér]eactor, a
j et or nozzl eNawmecobDthe @GlasuBransition aad its Detamiration by TirepmaleAnalgsis™n in

accordance w th.the Lepdenfro pheno taorefrigerated boiling-
pool reactor. mﬂtﬂ‘ﬁg—lﬁé@_ﬁ& gﬁ%ﬁ%?ﬁhﬁgﬁﬁﬂvk@r %Z‘hel"lcﬂ’n
processes desgpdiftedor D@MtiRE And Mdtdriabs ?hﬂﬁel}ihlbglmbpgf €AG1 OThe ¥ahflelis
Particularly rel evant exanples WO 2004/ 067577 PCI/US2003/ 041221 59 i ncl ude

but are |im t Bepeed gxdespribediaboye; sealed impeadiately algrsepkiag ire 2 B&npAmple 13 and
(nvent i ve. oo iad SRR o6 el Pioy “BPE 1 IpmEdiatly Sefpdnd © Voo
particul arly DSCemaasurementp|Rreferably the Tyelvhlued tiei withinel2f@def sachnatherg i n t he
art that preferably within 11°C of each other, preferably within 10°C of each other,

preferably within 9°C of each other, preferably within 8°C of each other,

preferably within 7°C of each other, preferably within 6°C 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

[00161] 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."
Iliustrative examples include any reactor selected from the group consisting of a
continuous flow stirred tank reactor, a plug flow reactor, a moving belt or drum
reactor, a jet or nozzle reactor, a tubular reactor, a reactor proceeding in
accordance with the Leidenfrost phenomenon, and an autorefrigerated boiling-

pool reactor.

[00162] In a preferred embodiment, the polymerization processes described

herein utilize a boiling pool reactor system. Particularly relevant examples



the pol ynerization tenperature i s dependent upon the conposition of the

pol yneri zati on nmedi um and the pressure within the reactor; it is also well
within the skill in the art on how to adjust such paraneters to obtain any
desired palyBsEhFAs7 On tenperature. [00163] In an aspegirffs 60P)341i2§vention,
the pol ynerization processes of the present invention are Ugl I'Zéd with a
boiling pool reactor systemas described,in U S. Patent No. 4,714,747. In
particular, Figure 4 provides an exenplary diagram' |In some enbodi nents, a
boiling pool reactor systemgenerally conprises the steps of (a) cooling a
feed streamo s JF} 4T LI Il t. ' al yst
system to a %8 ggngpf%gthf@#)&ttgnf%%? geglrz e‘ﬂo mw@@?gfa?ﬁﬂ&%@%@b%%m F’|§izj‘§ati on of a
portion thereaid ithdecompatatiedeyangdesurAddittorally, Exangdes ER2, 3, ded, 61 7,eam (b)

suppl ying the,.cool.ed fee tr to,a. reagtqQr that conprises, a

sel f - cl eani ngURYSH, swﬂaﬁﬁnﬁiggﬂﬂakﬁr}&@iﬁg@mmlﬁe e 89 iy

plug-flow copstibileBsrebdvait &ampleBN Tt B WRISWIEN Yhe GhdbrstddthgBathafealatit € using
renovi ng pol ynmer product, at a concentration, for

a catal yst system andggi;g_l C(

exanpl e, of athe| pelymeri f IMPEEEEE cis ydgpaedeat \upeBr the e gompositipne obftheinr eact ed
nmononers and %n&éﬁ&fn" | | yelo ner; . react or
outl et. [00163(51l n cePtﬁg'?ér@gnng%gwém?ﬁ?%@(etvﬁgﬁyngllﬁgﬁaécr&ﬁmﬁgghﬂr%V%grr‘%p&es from
75 W% to 10thewskidl ah the aiouby |heme taadju@Ssush Oparamderat 19 alftain anyndasijed ed di ene
conononer, suchl as .I .oBrene based on the weight of nonomer mxture). The
feed streami&° a§1'o FrsTuous! y supplied al ong with the mononer

m xture, the diluent, and, optionally, catalyst system conponents. 1 In the
Figures, PCrefers to pressure controller, FCrefers to flow controller, rFC
refers to a M6 f| owncasmspest|ofthe inventionoths polymezizationcpraessets| efithe and AC
refers to ana : : T, oMl R / : [ 00165]
The sel f-cl eahﬁgﬁ é@r3 gi\/l&;lg%e%nélgr use%%oﬁl‘ﬂ{gﬁégoérr%gog? %?rﬁta%éhjcg)‘%%se%%?

i nvention mayUd® Batenti Nosdyidh7d%t r I gartiovlanelighte 4 mrpeideslah yexdmplagned

apParat s, | Cael8RPah odle bbthilths? o"BAiRhL Yool redthIOLRRH EhiahCT o351 N0
comprises the steps of (a) cooling a feed stream of a monomer mixture, a diluent, -

and optionally, a catalyst system, to a polymerization temperature of -70°C to
15°C by vaporization of a portion thereof under reduced pressure to form a cooled
feed stream; (b) supplying the cooled feed stream to a reactor that comprises a
self-cleaning screw extruder and polymerizing therein under boiling plug-flow
conditions at a constant pressure of 0.1 to 4 Bar absolute using a catalyst system
and (c) removing polymer product, at a concentration, for example, of at least
50% for recovery and a vaporized mixture of unreacted monomers and

polymerization medium, for recycle, generally at the reactor outlet.

[00164] In certain embodiments, the monomer mixture comprises from 75
wt% to 100 wi% of isobutylene and 25 wt% to 0 wit% of a conjugated diene
comonomer, such as isoprene (based on the weight of monomer mixture). The
feed stream is generally continuously supplied along with the monomer mixture,

the diluent, and, optionally, catalyst system components.

'In the Figures, PC refers to pressure controller, FC refers to flow controller, rFC refers to
a ratio flow controller, LC refers to level controller, and AC refers to analyzer controller.



inlet to outlet in a plug-flow type novenent. Tw n-screw extruders have two
screws which internesh with each other and consequently are al nost
conpletely self-cleaning. Exanples of tw n-screw extruders are those

avai | abl e fwopoosveRr7 manuf acturers as Werner and Pfl ei deerRisadisatiafer many
and Baker and Perkins of U S.A Oher comrercially avail abl e exanples are
available fromDipl Inj. H List of Swfzerland. Further details of these
two types of specially designed apparatus are given in the literature

avai l able fromthe manufacturers. [00166] In Figure 4, an exanple of a

boi i ng pool or sy-pﬁee%]fh folags T LM ris
provi ded. One[dshglgﬂ ed in the cgrt \%Sﬁﬁe%é‘g‘?ﬁ?éerggg{'e Vg?’?&gﬁéﬂ‘ﬁ;&% g di agram
The outl et i sinventicadnay bea twihwsinewcixtrofieaog enay de acspedalipodesigned smpatatesal | y

across the out Ict ar}g c?rénecli nﬁﬁ Vi a Vﬁtve 21 .ta a_twin screw desol ventiser
5. . A feed stiCaitPRdnsFicaiige hraHDRbLALPORTRTIVEY 1HEsng VSessy ESPHH

optional Iy, cail&ltySdutisyil £FheoNeEe ikt Boventent. € dvif-sérewnaxtrud e Ihve tigat i on
medium It is suppli _eﬂ] via line 17, heat exchanger 49, line 51 and throttle

val ve 47 to fPAEK Whishintsreeshatifrachiother prigmsedepdy sieatmod crmmletdtii um
supplied via Liifigesng ! Exérhﬁl%& of Fills ﬁ(&uﬁl&‘]’?rdr@%daé aQQ%EJ%&n%EI%‘_rS whi ch
t he po Ium

I nvol ves vaporization of a fraction o ynmerization nme hi s
brings down tragufaesmeey st Wemendnd Rleider gfiWestt Gertmavy pad Baler audiPérbins of

t enper at ur e. coqled stream of ol yperizati. di e pplied to
ext ruder 1, vﬂfgﬁ n@{hﬁ ?owgrclaénl}'ragﬁﬁﬁ%gee 1551 31 aﬁﬂga%?tr}%f)?lit@g?;?]' i nts

al ong the ext Listlef Sitzétland. | Faghedldetadls, of these @vadtydés o sparidllyeddsippedugh

di stribution. Wien the cat al%si_ system_cggponea{qs ar not part of the feed
stream the c&PRr3rayare givenn the literative pxgjlable frorp thegnapuiacturers  ext ruder screw
via line 19. [00167] The nmonomers consuned are continuously replaced by -
fresh nononers via lines 31, 33, 35, and 37. At the extruder outl et
section, pol yl@66lpart il Figuse ct.f an caxdmplst of thboilingn pepk gbastggeswtanew 3. | n

et 0 e Bt o BB gl s 50 Bl e ae LS so tha

appreciate variations of the diagram. The outlet is fitted with a twin discharge

screw 3 mounted vertically across the outlet and connecting via valve 21 to a twin
screw desolventiser 5. . A feed stream comprising the monomer mixture and
diluent, and optionally, catalyst system components, is fed to form a
polymerization medium. It is supplied via line 17, heat exchanger 49, line 51 and
throttle valve 47 to flash drum 15 together with recycled polymerization medium
supplied via line 53. In flash drum 15, a lowering of pressure occurs which
involves vaporization of a fraction of the polymerization medium. This brings
down the temperature of the liquid to the polymerization temperature. The cooled
stream of the polymerization medium are supplied to extruder 1, via line 29, the
stream being split and supplied at points along the extruder 1, via lines 31, 33, 35,
and 37 to ensure thorough distribution. When the catalyst system components are
not part of the feed stream, the catalyst system is supplied at the head of the

extruder screw via line 19,

[00167) The monomers consumed are continuously replaced by :fresh
monomers via lines 31, 33, 35, and 37. At the extruder outlet section, polymer
particles are forced into the twin discharge screw 3. In discharge screw 3, the
polymer particles are squeezed by the screws so that any entrapped



pol yneri zation nmediumis separated and overfl ows back towards the extruder
1, whereas the gaseous polynerization nediumvents through the vapor outl et
line 25, for recycle. Under the screw action of discharge screw 3, the

pol ymer  payébhghsssy € forced through valve 21, the Ope@c‘i‘ﬁlsgﬂo wMiLsh is
controlled by pressure control 23. The polymer enters heate ?mnn SCrew
desol ventiser 5 to which catalyst deactivator and antioxi dant are supplied
via supply lines (not shown). In the hégted desol venti ser 5 residual

di l uent and nononers are vaporized and supplied via line 39 to a

conventional r ery. secti.0n -(not . h [ ub tially free
of dil uent an(?%%egnzxenrozl, &%%&guléﬁgq%#g\i@ ?‘lleﬁf?az’v%lgat%%){g‘gﬂpf ﬁ?es%ﬁtnﬁgerslgct ion for
bal i ng and packegganthe g3 olybhetizatidn meditmCwntsathiifigh theapapor plida dingi nce t he
process of thg|5 i.nvent i[on gg carried out, under, Boi lin cogd'tio s, for
exanpl e, tenp atf‘ETrEtSYCfJet der the SEkew. agisr o © §aey f PR ove about
-50C, at pres fosi dle fbre6d tR¥OEEn VARV AD@YE opehidl of RML & BRfofliPByUt €. For
exanple, at -45C the reactor 5 kept at the equi li brium pressure of from
about .1 to atpessurg ceairoladis ofThe wolysnes tentezsshapiecd Bep sigsoesobventitenéitbon heat
is therefore rgmgy . ratl l.zation
medi um Pol yneri za?%%ﬁ&ng%fcﬁ%?lg%ﬁ ﬁ%ﬁ%@ﬁg‘% %ggd \%%E{i&%gq@g?%désses Vi a
knock- out drurshdwmnd Thi the Keatedodesolventisss @r r@idubh dilidie aciproasmers &e t he

d and t.h | ed by. cool i t fri t,
condensed i - HBBTTES RGTHRRESG e F 39 B 3F9P PR ATh S EROATEsoyPh, 1 1 ne. 53
and throttle vakWlyher sQbM3alWReS Bf dilRnitng SdtomefiesapSIRA idlideAtioOf t he

extruder. In flash drum 15, a portion of the feed vaporizes and passes to
conpressor 9, afinshingsectien fogbalmgand parkeging 43 and |iquid feed in drum 15
cools to the tenperature of extruder 1, before supply via line 29. Any non
condensabl es in heat exchanger 11 are renoved via an outlet situated at the
col dest secti d00X68] t he Theaixtrederhcomtpins & ovapord phasevsineeu thep propes§ neft thehown) vi a
line 27. [00169 t.he abqve descri.bed arr enmept of conpressor, heat
exchanger  and ™SR iF GRS o RHeh SO0 et BANDaY [rereml ERRBIF od- of |
nmonomer - di | uerdetwdh abotite 1002000 abb@m PO csued s BblRie dbsut’ -B03C;|ae frebsurdshig ext r uder

as a liquid at the sanme o
the range from about .1 to about 6 Bar absolute. For example, at -45°C the reactor

is kept at the equilibrium pressure of from about .1 to about 4 Bar absolute, such
as 0.3 Bar absolute. Reaction heat is therefore removed as latent heat of
gvaporation of the polymerization medium. Polymerization medium leaving the
extruder via line 25, passes via knock-out drum 7 and line 43 to compressor 9. In
the compressor 9, the vapors are compressed and then are cooled by cooling water
or refrigerant, condensed in heat exchanger 11 for return to the flash drum 135, via
line 53 and throttle valve 13 through which the pressure decreases to that of the
extruder. In flash drum 15, a portion of the feed vaporizes and passes to
compressor 9, via line 45, drum 7 and line 43 and liquid feed in drum 15 cools to
the temperature of extruder 1, before supply via line 29. Any non condensables in
heat exchanger 11 are removed via an outlet situated at the coldest section of the

heat exchanger towards a vacuum pump (not shown) via line 27.

[00169] By the above described arrangement of compressor, heat exchanger
and throttle valve and associated equipment all the boiled-off monomer-diluent

mixture vapor from the extruder is recycled to the extruder as a liquid at the same



WO 2004/ 067577 PCT/ US2003/ 041221 62 tenperature as said vapor thus
extracting fromthe extruder the | atent heat of vaporization for each unit
wei ght of m xture recycled. [00170] The pressure into the extruder is kept
const ant bywy6Qeysfodishi Ng through conventional neans, thegdl Js;%%ﬁ lﬁf t he
vapors to conpressor 9. At constant pressure, the tenperature o the
boiling liquid is constant, once a steaq% state of liquid conposition is
reached. [00171] The tenperature of the polynerization nediumin reactor 1
would tend to increase because of the heat of polynerization devel oped
therein. Ho i ' r o1.at | ofr a
portion of tm&ﬁé%?@%e% %%@?’gﬁ&yn%gifﬁm | ﬁhgeagrf gl%é %\[’t@rqg%ﬁl%ni&( PO gar%eorfi zation
heat to be remapeérikation forweadh unitewsightoé mietivededyblet. t hi s arrangenment reduces
the need to use a fluid refrigerant at a tenperature bel ow that of the

pol yneri zati on enabling significant energy consunption economes to be
made. [00172] rhgu7aNot herhasReshreOintd MR bXRMRISE i® kept! BéhshAt YWyLEdnERIling N
processes of the present invention are utilized with a boiling pool reactor
system as desdhropgh conventygnad sreans zhe flpw metei of Geapesentcomprrsserebctdr is a

vertical cyli Lcal ' e ' ST |{ndi cat ed
by Fi gures 5- g;gﬁ#%gpféésg%?’g‘#w feg%g%qt%ig%gél@ ]%MJﬂF% %‘ﬂﬂf‘\%ﬁa‘lﬁ’%‘g‘%‘%‘; oﬁ{?eaa$%iéi stream
and, in sone el ligaid composition il reached.f or feedi ng the catal yst system The
reactor is also equipped with a vapor outlet, placed in the reactor
ceiling. In Figure 6, a vertical section is shown. The reactor wall is

i ndi cated by Fbe17A7 andTh teMiferdt@eREHd podynierizZaBor R inGrehdtbrDwaid bott om
61 is the stirrer shaft, 63 i's a standing shaft fastened to the reactor

bottom 65 is tenshdo gnerease becawsecaf thadgpteof nebessizayjons wlsyelowed thsreihi ch t hey
ted : t] 9. i i th
are connecte S%ésvég 1@&;%5&11'99&5 Qbuntdfd ﬁryoggr ééesgo@gaé oF% pBHRhNES the W

st andi ng cros I's an extrude stened'to the reactor, to
which it is coolemdrizetion medilintin 7¥actoTHi enablmgt polytesrizatiopubep éxbavevved.s screw
\7/gi v:as herei naﬁ tvx?l{l breefap?prréc?ac.%e& %a%sthisdénsa%ggr{l& rediices %é nzgd ' e tahfh?iht e

refrigerant at a temperature below that of the polymerization enabling significant

energy consumption economies to be made,

[00172] In another aspect of the invention, the polymerization processes of
the present invention are utilized with a boiling pool reactor system as described
in WO 93/21241. In this embodiment, the reactor is a vertical cylindrical vessel,
equipped with a special stirrer as indicated by Figures 5-7. The reactor is
equipped with an inlet for the feed stream, and, in some embodiments, two inlets
for feeding the catalyst system. The reactor is also equipped with a vapor outlet,
placed in the reactor ceiling. In Figure 6, a vertical section is shown. The reactor
wall is indicated by 55, 57 and 59 are respectively the reactor ceiling and bottom,
61 is the stirrer shaft, 63 is a standing shaft fastened to the reactor bottom, 65 is
one of the vertical paddles, moved by shaft 61 to which they are connected by the
cross bar 67. The rotating bars 69 intermesh with standing crossbars 71. 73 is an
extruder barrel fastened to the reactor, to which it is connected via slit 77. This
extruder, equipped with its screw 75, is hereinafter referred to as "discharge

screw". 79 is a throttle valve.



WO 2004/ 067577 PCT/ 0S2003/ 041221 63 [00173] A horizontal reactor section is
shown in Figure 7. The section is along a standing bar 71. In this figure,
t hree paddl es 65, one bar 71 and the slit 77 are shown. The three paddles
65 have a Reg§Wdsds7s$nape and orientation. Wien they rot@ate,bacrhdi Nng to
the direction indicated by an arrow), the clearance between a point on the
reactor wall and the paddl e decreases ti %I to a very small clearance. Thus,
the polyner is directed toward extruder 73. 75 is a discharge screw.
[00174] In several enbodinents, the reactor operates at a constant |evel of

polyrrerizatio L um 17 ol y.ne i gl .ar t iqUousl iorrredln
the reactor, Q@Eﬁ Lb‘og ﬁ“&r eaéé%rn%"é’ﬁg% Sb%mgﬁég P‘:f@ﬁ ?2 @"c%r

rleact gr toxévaratbngtas;tamdtugwaeii .n ds ﬁgurevthmqua&dlgssﬂ ohé ﬁa:dhs:ﬁﬁah:gﬂltﬂﬂ I's

pl aced, with a cqntinyous, ski ng i on The rather

cl earance anmoif ﬁ%\wnng%aﬁ'areg ?%Gﬁgﬁ‘ﬁ%\%%‘&’ﬁ‘f ]h@%éngtoflfa?‘é??‘}'e Br system
limts the sSURARCRIatt QdoRfing l%ltthéjﬁﬁéctﬁﬁtmﬁﬁ%@rbytEl?anﬁ%,ym%rélézﬁ-&ricgn medi um
to flow across the clearances. In this way, the “polynerization nmediumis

better honngerbﬁ@‘@éntamodiﬁgmdh@ rqaht@rmlalcmd epﬁdmrw tgbtoyareery siakini ng i s
performed in t di mls nt in the
peri pheri cal ibrg{aglg% ?ﬁwg%e‘;@%mw@ con %%ég%ﬁ&%@n# géhg%gt her

| arge cl ear an(serebet ween the paddl e | eading edge and the reactor wal | . The
pol yneri zati on nmedium can easily flow through the clearance between the
paddl e rear edge and the reactor wall. The polyner particles are collected.
Therefore, thqo@PM[ry CongReial ahb&limehts, tHE rRPRE Bpdi@kyBecorshifit RAgdire and the
reactor wall increases during the paddles m)tlon The rear paddl e edge
squeezes the pelymszationmediuigai nst the wall which increases the solid
content of the slurry, whereas the liquid is squeezed out. Wienever a paddle
65 passes in front of slit 77, the slurry is punped through it, toward the
di scharge scr[@@173p, whiPolymeapaitieles iate eoptiniduslyeformed innthe reactor, andoardd| e 65
passes in front

%tdlately conveyed by the stirrer across the reactor, toward its peripheric part,

where the slurry discharge 77 is placed, with a continuous skimming action.

[00176] The rather small clearance among moving and standing surfaces of
the stirrer/reactor system limits the surfaces fouling, but does not hamper the
polymerization medium to flow across the clearances. In this way, the

polymerization medium is better homogenized throughout the reactor.

[00177] The polymer skimming is performed in the following way: the
polymerization medium is present in the peripherical paft of the reactor is
continuously taken into the rather large clearance between the paddie leading edge
and the reactor wall. The polymerization medium can easily flow through the
clearance between the paddle rear edge and the reactor wall. The polymer
particles are collected. Therefore, the slurry concentration in the space between
the paddle and the reactor wall increases during the paddles motion. The rear
paddle edge squeezes the polymer shurry against the wall which increases the solid
content of the slurry, whereas the liquid is squeezed out. Whenever a paddle 65
passes in front of slit 77, the slurry is pumped through it, toward the discharge
screw 75, which carries it up. Therefore, whenever a paddle 65 passes in front of
slit 77, part of the slurry contained in the volume between paddle and wall is



slit 77, part of the slurry contained in the vol une between paddl e and wall
s WO 2004/ 067577 PCTI US2003/ 041221 64 cleared out, and is ready to be
re-filled by another anount of slurry, comng from the axial part of the

reactor. Awhohuwassyed in the rear edge of paddles 65 qq,Tc[r gap
bet ween the paddl e and wall and increases the skinmnmng ‘e (@?@?\)3{12216[00178]

At a certain stirrer rotation speed, the, polyner discharged by the reactor
inunit time increases proportionally to'the polyner concentration. 1001791
At a certain polyner concentration, the polynmer discharged by the reactor

inunit time i ases nr Lonal | t.h tirre tati on.spged. [00180]
Consequent |y, X %‘{éﬁaoﬁlg’vaél rlggeg{b(;)#oo%arse %leg??ylafl&ﬂ]%r %Ié%%'i Pf au{ﬂ{’ C%%?gﬁ?)rpl I ng the
pol yner concenh¢ akiabpait nofi flie redvtorr €ACitep carPed dn ah€ esdraddge Wi paddied 65pol ymer
out put has bee el ect ed, feeding-the catalyst af a certain rate, the

pch)I 5lrjrer cgnce F’%Pﬁeﬁ ¢ 98P detWera ﬁlhéng‘figlF @%nﬁ’ SWe{I’EE?ﬁ?Sa'i}el?EE@F}nghreshold
limt, which igrdigRgsed by the stirrer rotation speed. In this way, any
excessive polynmer content inside the reactor is avoided, with the rel ated
ri sks of reactor "blocking"” or of excessive nechanical stress applied to

the stirrer. [ ] Figyre r QNI | | ki.ng pool
react or systéﬁﬁﬁ e poﬁ%?%%gﬁég@%@?%%%%@g{eg@ s%@“%&ﬁ@e#he%. The
react or out | etreactot in aninfimiiscréasesqiroportienallip ¢o the polyaieg eorenteatiof5, whi ch in

turn is connected via throttle valve 79, to the double screw devolatilizer
81. The nononers and diluent are fed via lines 83, 85, 87 to heat exchanger

89, where theypgrm®] cool ef [0R¥BiIntRlynk ciRhirdtiin, &R foB/Re @dcHirBed By the
thereafter to the reactor, via l'ine 91. One skilled  in the art Wl
recogni zed t haeadigrie ynigimegarreasescpreportienally éo thastiser rotationfiisedhed. The

catal yst system conponents are fed via lines 93 and 95. Again, one skilled
in the art will recognize that these lines may be varied or conbi ned.
[00182] The prioeH0}es ofConbaguentlyenthe oabosre erenetor i led a@ubuiltrid e capaciky | ofg

conditions, ol EHRIP S pdymBrodbehion Suit B S0 Oa i ceBintati o 0 SUCh
polymer output has been selected, by feeding the catalyst at & certain rate, the
polymer concentration inside the reactor cannot overcome an upper threshold
limit, which is imposed by the stirrer rotation speed. In this way, any excessive
polymer content inside the reactor is avoided, with the related risks of reactor

"blocking" or of excessive mechanical stress applied to the stirrer.

[00181] Figure 5 provides a general diagram of a boiling pool reactor
system. The polymerization reactor is indicated by number 55. The reactor outlet
77 joins the reactor to the discharge screw 75, which in turn is connected via
throttle valve 79, to the double screw devolatilizer 81. The monomers and diluent
are fed via lines 83, 85, 87 to heat exchanger 89, where they are cooled down to
polymerization temperature, and thereafter to the reactor, via line 91. One skilled
in the art will recognized that lines 83, 85, and 87 may be varied or combined.
The catalyst system components are fed via lines 93 and 95. Again, one skilled in

the art will recognize that these lines may be varied or combined.

[00182] The processes of the invention are carried out under boiling
conditions, for example, temperatures between about -100°C to about 15°C, such

as above about -50°C, at pressures in the range from about .1 to about 6 Bar



as above about -50C, at pressures in the range fromabout .1 to about 6 Bar
WO 2004/ 067577 PCT/ US2003/ 041221 65 absolute. For exanple, at -45C the
reactor is kept at the equilibriumpressure of fromabout .1 to about 4 Bar
absol ut e, Bar absolute. [00183] The vapors in the
react or doﬁgégﬂgﬁ?ﬁZﬁ, via line 97 to the knockout drun#ég&ﬁhﬁﬁgﬁgﬁyzer
control AC on |ine 97 adds nore nononers fromstream 83 and 85 to maintain
a constant production rate. The vapors in knockout drum 99 are sent to
conpressor 103, via line 101. The conpressed vapors are cool ed and
condensed in 5 8 f in flash
drum 107, vi aq[%%) Qﬁgg éel’%g 3 8\%?’ ‘%%F‘%f:}g%g nglsbﬂ@g érgs’%{}%g(’fsane

| evel as that fﬁﬁnalhmtr1€ta<abmrt451§arabsmlﬁté,aﬁdfhairﬂ.mBaﬂszEolatepart of the condensate
fed to throttle valve 109 is vaporized and recycled to knock-out drum 99,
via line 111, and therefromto conpressor 103, via line 101, together with

the vapors COT[DGIRSI rom e vaR§ kiRl ooll¥dtéll i th& rédétor Qomdahd Men! 138 line 9rdensat e
fed to throttle valve 109 is collected in flash drum 107 as a liquid, at a

t enper at ure cltpdbe tkyoekost dspmr Ehctdr apgyzerrgontrpl i i Bnes Ot adds mere react or
under |evel %’6}}05% fr&hastﬁeluﬁ :t]rfq 84 b ﬁl 'ta‘?ﬁ?‘qycoﬁﬁ @0{1‘.&?8?‘3@9 Spr oduced

by reactor 55 are m)st conp recy ed to at a
t enperature clvapaﬂstin knloakoubfdrmhe99 mreasanbto cc'ﬁhpremokyl@ér vimalineo h0hedtei s

renoved fromthe reacgtor as |at or| on h 185] Any
non- condensab|%EMPHS a’tap%'ﬁewa%a@a%%o ér"bfé i@ﬁ et placed in the
col dest part of heat exchanger 105 and sent, via I|ne 115, to a vacuum punp

(not shown in F|I%gre 5). [00186] The slurry produced hy the reactor is
concent r at ed, | r eadThe spriensateqis flaghediin Haghrdgamd 07 evia thsottle xalve B9 ugh

throttle valve, ﬁ&%ﬁ %&9@%&@% thISYRL l%ﬁxél'a'sgﬁé’t ﬁﬁ‘“ﬁ 235! M AL

liquids are renove I ned thermal an ani cal action, as vapors
via line 117. ll%‘mpaﬂarfrﬂhmonﬂhsapdb@twﬁhﬁlnwaﬂ:wﬁ@as iveporized aibrecysdaslttor out | et

can be high askng& out%rum S}@t % th?, gﬂds tﬁgrgfrgx% to compressor 103, via line 101,

together with the vapors coming from the reactor, via line 97. A part of the’
condensate fed to throttle valve 109 is collected in flash drum 107 as a liquid, at a

temperature close to that of reactor 55. This liquid is sent to the reactor under
level control, via line 113. In a steady state, the vapors produced by reactor 55 are
almost completely recycled to it as liquids, at a temperature close to that of the
reactor. The polymerization heat is removed from the react;)r as latent

vaporization heat.

[00185] Any non-condensable in heat exchanger 105 is purged via an outlet
placed in the coldest part of heat exchanger 105 and sent, via line 115, to a

vacuum pump (not shown in Figure 5).

[00186] The slurry produced by the reactor is concentrated, as already said,
in the discharge screw 75, fed through throttle valve 79 to mechanical
devolatilizer 81, where the residual liquids are removed, by combined thermal and
mechanical action, as vapors via line 117. For example, the polymer
concentration at the reactor outlet can be high as 50 wt%-70 wt% at the discharge
screw outlet. The polymer substantially free of diluent and monomers, is supplied
via line 119 to a finishing section for baling and packaging.



screw outlet. The polynmer substantially free of diluent and nonomers, is
supplied via line 119 to a finishing section for baling and packagi ng. WO
2004/ 067577 PCTI US2003/ 041221 66 [00187] In an alternative enbodinent, as
shown in Fiveys@ebsrsine invention is practiced simlarly tr g,h

described in Figures 54. However, in this enbodi nent, the |sc arge screw
75 and barrel 73 are replaced by a funn%E 125 Iocated near the top surface
of the liquid phase connected via |line 1 to valve 79 and onward to the
doubl e screw devol atilizer 81. The m xing mechanismin Figures 6 and 7,
l.e., 61, 63, 65, 67, 69, and 71 may also be replaced with a conventi onal

i npell er 123. For exanple, a conventional inpeller nmay be an axial flow

i mpel | er or r400187) f | owin amdtdrmnveiembodnnept, pmmpimgmomgdmvmmﬂpén‘n@n [ 00188]

In any of the.afor nt| odi.ment s, on t.enperature
my b 1 om 15 PRSICTOHEIARY (6 HE16 SRR SN 50 gn 1his
al ternativel y,edeenﬂQ& axecmﬁéécacre[v@@:i&% bhfbl%&hr@feﬂ&@d ers&cwﬂﬁé]tmned

enbodi nents, the polynerization nediumnmay be evaporated at pressures from
.01 Bar absol decatedaerr tha fopsiage efche hqw#@hﬁapowwd via g 1211 tBézalvaﬂgol ute to

1 Bar absol Ut &g adefl IR Yored RTbiachiRRe1, Pkt Wechaigh 180501 UL,

[00190] In any of the aforenenti oned |on medi um
may be evapor &ignesab apd@ss.ar eéd, 68,065, ]67L<I69, dral 2D@ndyPaso bb treplaetiwigh w, from
10 kPa to 100 kPa, .a el from30 kPa t.o 100 kP 00191] This
Fovent on mmy SHFGlinE sneler D2k K amek 7 b piotel s Lo e be bt

di luent, and qm!nﬁﬁneﬁfr@adi&lfﬂo&eﬁlﬂeﬂeﬂf@ UpPh A aﬂubv&ﬂaﬁﬁn ipgl ymer i zat i on

proceeds to conpl etion (such as by quenchlng) and t he polyner is then
recovered. [00192] In certain enbodinents, the invention is practiced. using

a slurry pol é{ﬂﬁ;lshgat ! Oihl% ©F the Aﬂé’xﬁfonec?%ﬂx%Bdﬂﬁh%”“t‘ﬁdrﬁ@l&hﬁHzéﬁ%LhOdS are

cont enpl at ed s a soI ion polynerization process yneri zation
temperature may be from 15°C to -100°C, alternatively, from -30°C to -70°C and

alternatively, from -40°C to -60°C.

[00189] In any of the aforementioned embodiments, the polymerization
medium may be evaporated at pressures from .01 Bar absolute to 6 Bar absclute,
alternatively, from .1 Bar absolute to 1 Bar absolute, and alternatively, from .3 Bar
absolute to 1 Bar absolute.

[00190] In any of the aforementioned embodiments, the polymerization
medium may be evaporated at pressures from 1 kPa to 400 kPa, alternatively,
from 10 kPa to 100 kPa, and alternatively, from 30 kPa to 100 kPa.

[00191] This invention may also be practiced in batch reactors where the
monomers, diluent, and catalyst are charged to the reactor and then

polymerization proceeds to completion (such as by quenching) and the polymer is

then recovered.
[00192] In certain embodiments, the invention is practiced. using a slurry
polymerization process. However, other polymerization methods are

contemplated such as a solution polymerization process. The polymerization

processes of the invention may be cationic polymerization processes.



processes of the invention may be cationic polynerization processes. WO
2004/ 067577 PCTI US2003/ 041221 67 [001931 In one enbodi ment, the

pol ymeri zation is carried out where the catalyst, nononer, and diluent are
pr esent invﬁ)ﬁkﬁgbgnphase. Preferably, the polynerizat%e?ﬂkﬁmg@ﬁﬁhed-out in
a continuous polynerization process in which the catalyst, nononer(s), and
diluent are present as a single phase. ug slurry polynerization, the
mononers, catalyst(s), and initiator(s) are all miscible in the diluent or
diluent mxture, i.e., constitute a single phase, while the pol yner
precipitates fromthe diluent wth good separation fromthe dil uent.
Desirably, reduced or no polynmer "swelling"” is exhibited as indicated by

little or no Tgo198HPPr e85 bk e@bodifieny) the/ flymatfightion ib ichirle@ cut wierdditeuent nass
upt ake as shown |n Figure 2. Thus, polynerization in the_diluents of the

present i nventFEHShTBYARSS, atdofilyen ArepBiessi in GoHRRIARIATS oRrafeably, Hendl ed at
| ow Vi SCOSILY piynkbridiéh 18 Atied bhAS @htinidid BoRheliSafdh Qrodeltinleh fHgTOgENeOUS

pol yneri zation and/or the convenience o bsequent reactions to be run
directly on t Ivetalyst umonamer(sh| gude diluent xare rmsesent0 8y 94 singlgephaseict bd siwowoner s

within the re form par f a sl LNy . on dj he
concentrati on%%ﬁy%g%gg tg%’l’i sﬁllorgonﬁr% cg‘fayl’#@’ iméd g%hag?rf}s?%?eo%ﬁg{r};é%q{éerm thtehan 10
vol % | n anot hiluetnirodiluean tmixfube iGQnemstitort a Gingdd phade] dehilenthe wlghatrry i s
present in the reactor_equal .to or greater than 25 vol % 1n yet, another
embodi ment , trPéecéRiWFérﬁf%bﬁFeoﬁﬁWt i%ﬂ’géisﬁpﬁ"ﬁ@n Wr‘@“’ Adugnt,s Desigahly.or  equal

to 75 vol % |:Bqused oRMR!RAFmETRGRIIIRNs ekBitGORC RIIGREI BNAf S:Ohd 4§ I N

slurry is present in the reactor from1l to 70 vol % In yet another

enbodi nent, t reppressiannef; the ipelymet and/er litile errposdilpenty mass yptakeowt showntiRe react or
from5 to 70 9%, 5l t - 1B [ : sol i ds
in slurry con\gg%‘t@gf ir]%ﬁrglg’l %r%a%%{ﬁ?n ?{r:&tg%g regt(‘:%hgfpr%rg%ﬁ?%ﬁi?% P%}’l%l % In
yet anot her erfboHighemilymé¢rheoncenumtion tabe diandiéd at tdw drscosityswith igpod deatent r at i on

is present in the.reactor, from135 to 7Q vol % In yet another .enbqodi nent,
the concent r atTa3ehs I%B?‘?dd?é}cwrs?(l?ﬁ?‘%’ gﬁﬁ@@?ﬂep‘ft i%"r??'ql?’zﬁ?%“s e“r’?fjﬁ’r the
' convenience of subsequent reactions to be run directly on the resulting polymer

mixture.

[00194} The reacted monomers within the reactor form part of a slurry. In
one embodiment, the concentration of the solids in the slurry is equal to or greater
than 10 vol%. In another embodiment, the concentration of solids in the slurry is
present in the reactor equal to or greater than 25 vol%. In yet another
embodiment, the concentration of solids in the slurry is less than 61: equal to 75
vol%. In yet another embodiment, the concentration of solids in slurry is present
in the reactor from 1 to 70 vol%. In yet another embodiment, the concentration of
solids in slurry is present in the reactor from 5 to 70 vol%. In yet another
embodiment, the concentration of solids in slurry concentration is present in the
reactor from 10 to 70 vol%. In yet another embodiment, the concentration of
solids in slurry concentration is present in the reactor from 15 to 70 vol%. In yet
another embodiment, the concentration of solids in slurry concentration is present
in the reactor from 20 to 70 vol%. In yet another embodiment, the concentration
of solids in slurry concentration is present in the reactor from 25 to 70 vol%. In
yet another embodiment, the concentration of solids in slurry concentration is

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



in the reactor from20 to 70 vol % In yet another enbodi nent, the
concentration of solids in slurry concentration is present in the reactor
from25 to 70 vol % In vyet another enbodi nment, the concentration of solids

in slurry qapsRiphdérad7 on is present in the reactor fro 1% In
yet anot her enbodi ment, the WD 2004/ 067577 PCTI US2003/ 5‘3%3@%90%@4%

concentration of solids in slurry conce%ration Is present in the reactor
from40 to 70 vol% [00195] In sonme enbodi ments, the feed-streamis
substantially free from silica cation producing species. By substantially

substantially free i n producing sp _
than 0. 0005 weBLRReAprYARE B bbbl s sl e Akl HSROA 07 00"

cation produci?goBpecies in the feed stream Typical exanples of silica
cation produci ng species are hal o-alkyl silica conmpounds having the formula
R1IR2R3Si X or R1IR2Si X2, etc., wherein "R'" is an alkyl and "X" is a hal ogen.

The reaction qeo@s}i onsInvsbhe RMbodiGlnishie feabbtreall B subSERRIIG frllcCfroRr €SSUr €
and residence time are effective to maintain the reaction  nediumin the
r

liquid state aHigatcation prpdueng srecitss iByesnbslantjaly feenef siliep ¢atien peaduring
characteristi - Lh efds | Vit ' free of
any inpuri ty%é\?ﬁlécghﬁi ls{gqg verlﬁéafttal y rzga{é(??@éé 3&“’%’%@??@ g’ff’:‘?%"?t gﬂu%ﬁd%{rolt%he

pol yneri zat i orweight nafi thie anenonters of stlzsp |séicai catisn prodwingdipeting $n thehéedononer

feed preferabl shqul d be supstantially free of bases uch austic),
sul fur - cont ai ﬁ%ﬁﬂ" ?Mﬂuﬂ‘&@%é&?ﬁﬁ%? or }ngaﬁ?ﬁf’lﬁﬁ_‘ﬁrgii’ﬁﬁ’ﬁﬂgyiéﬁlcﬁns, e.g.,
net hyl ner capteampourfis 'habingRA¢ 8RindA) R RIRISTRAS R RONIG] ¢tb.NGhBRESR" @angen
cont ai ni ng bases such_as "alcohols and the |ike. However rmopnoner feed may be

| ess pure, tyllehrnd "Xotis pealogennblis achonconditigns Wil ke suehethah fesirablgt ent |
f bl Q . % .l.n: f
more prerera t¥m§@£u&ee§o§eséd}é‘%n&’§éﬁdeﬂ9é mdeeqig g?@?cﬁgﬁt% %g%%&%pr%ﬁc?gg wei ght)

enbodi ments the Tnpurfties are present at
preferably | essediumin t8¢iqpidrstatparns tepadsiuge theslesitddpolydids hapng thpdefirdabl y | ess

than 150 ppm preferably-less than 100 m. [L00196] I.s,nqrnmally the case,
oaction 1 me RS T HolonRR R is WhIGy!subiardiu) Helbe by

impurity which is adversely reactive with the catalyst under the polymerization

conditions. For example, in some embodiments, the monomer feed preferably

should be substantially free of bases (such as caustic), sulfur-containing

compounds (such as H>S, COS, and organo-mercaptans, ¢.g., methyl mercaptan,

ethyl mercaptan), nitrogen-containing bases, oxygen containing bases such as

alcohols and the like. However monomer feed may be less pure, typically not less

than 95% based on total olefinic content, more preferably not less than 98%, not

less than 99%. In preferred embodiments the impurities are present at less than

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

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

[00196] As is normally the case, reaction time, temperature, concentration,
the nature of the reactants, and similar factors determine product molecular
weights. The polymerization reaction temperature is conveniently selected based
on the target polymer molecular weight and the monomer to be polymerized as
well as standard process variable and economic conmsiderations, e.g., rate,
temperature control, etc. The temperature for the polymerization is less than
15°C, preferably between 10°C and the freezing point of the slurry in one
embodiment, and from -25°C to -120°C in another embodiment. In yet another



the nature of the reactants, and simlar factors determ ne product nol ecul ar
wei ghts. The pol ynerization reaction tenperature is conveniently selected
based on the target polyner nol ecul ar wei ght and the nononer to be

pol ymer i zeqy@Soos)0ish7 @s standard process variable and e@RAh603/041221
considerations, e.g., rate, tenperature control, etc. The tenperature for
the polynerization is less than 15C preferably between 10C and the
freezing point of the slurry in one enbodinent, and from-25Cto -120C in
anot her enbodi nent. In yet another WO 2004/067577 PCT/US2003/ 041221 69

700 to - 100 PR é BBk B il iSRRI R0 B om0 q! hont .
t he tenper at ur@°Candeoid yebahotbéenibadinddaf) On yeb Asaniciasitdble chcdBneant

reaction conditions will produce products of different nolecul ar weights.
Synt hesi s of tH® CmpeEre Janeg s fropn-60 /G tud L0 fay Corsegpentlx, differephsagtion, ¢

t hr ough noni t quy : ' 4 f sanpl es
gh;oiup‘igomn FrOME&SrOductse dEfﬁﬁ‘é&k{n&eHg%c%}ﬁaue d??;l%%lls 0 tHa

t aken peri odi | ng the” reaction; a enployed in the
art. [00197] Idesimedpreatiion prbduntoowiy nenachievid, therefones ithrangho moniterpegyr tteure i s

wi thin 10C aboy. he freezin ol N f . di | ref erabl y .w t;hin 8C
above the frecé)%*éa?bhgirn%&ig Ymﬁe Eﬁnﬁm@%ﬂ@% e ger%ggie?%ﬁg?‘ﬁfﬁggéﬂ%g\?e t he
freezi ng poi ntresdtionidtecishiqueanitely erplaedi tie witt hi n 4C above the freezing
point of the diluent, preferably within 2C above the freezing point of the
di luent, preferably within VC above the freezing point of the diluent. For
the purposes Opoighs | NYENY ipdferR@ ebb@mEhQ | S ﬁohqﬁﬁiﬁtiw%}gﬁd?ﬁuﬂ@hfsase
"Within XC above the freezing point of the diluent” is used it means the

freezing poi ntwighin1A%C dbovigdhe fipezing paint afdhe dikueni (peeferably: within 8¥e 2bowg poi nt  of

reczing poi ntwighinds s pesfebly. it SEe abaxg poi
“gac. [ ootoa] iRECgwbRtch e FRBHE plchuty SREUIOCBME R ochiplid 7V | ©

initiator, andhelidiluent{ prefgrablyr yithino#P@ reboestiilelifreezibg t poistnof Hier dilpd@199] | n
another embodi pqgg}a’blj} \Qﬂ "n”i'% :%o% tl%ng'ecliemvg lr?oir?tcclyfc{hg rclleluglrt,ef)refe:rably within

'1°C above the freezing point of the diluent. For the purposes of this invention and

the claims thereto when the phrase "within X°C above the freezing point of the
dilvent” is used it means the freezing point of the diluent plus X°C. For example
if the freezing point of the diluent is -98°C, then 10°C above the freezing point of
the diluent is -88°C.

[00198] The order of contacting the monomer feed-stream, catalyst,

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

[00199] In another embodiment, the initiator and Lewis acid are pre-
complexed 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,



conpl exed by m xing together in the selected diluent for a prescribed anount
of tinme ranging fromO0.01l second to 10 hours, and then is injected into the
continuous reactor through a catalyst nozzle or injection apparatus. In yet
anot her eRf@sioBis77 Lewis acid and the initiator are ag@ﬁﬁ] b@d3h41821" €act or
separately. In another enbodinent, the initiator is blen eg wth the feed
nononers before injection to the reactap. Desirably, the nononer is not
contacted with the Lewis acid, or the Lewis acid conbined with the
initiator before the nononers enter the reactor. WO 2004/ 067577

PCTI US2003/ 04 70 [ ] | - & | 0N, e

I nitiator and][ﬁtgz\’/biﬁog aci g'p%{r)%hbdéﬂp gﬁv{\é’ @%@%ﬁﬁ%@ﬁ%@’ﬁﬁ%ﬁﬁ& do%jljét her in

t he sel ected cilbwedto mré-corpier batmiking togetienircthe sddedhdithenhat ttmperaturey poi nt

tenperature of the diluent, w.th a contact time _between 0.0Q01 seconds and
several hour s,0cHYf§a 5%4 y&e@‘i‘ the fresdpg Rt meﬁt‘“ﬁi"ﬁﬁlﬂ%é\&ueﬂ’ a5PYfattess t han

3 mnutes, pr%%ﬁ@b‘l‘%&n@s%ﬁ&%ﬂ?ﬁ% ARG add bEiEdh 9. PRERREs b §CLT ON

into the reactor. [00201] In another enbodinent of the invention, the
initiator and iawkes preferabilyaless thah Gnmioutes, preferatdydletyeeh 0. 2risgdonds ambyét her in
t he selected dj..| - res, between 80C and the freezing point of
the diluent, 3é%i§g%§€gm%§ﬁ§£§%9@§ %ﬁd -100C. [00202] The overal
residence tinme in the reactor can vary, depending upon, e.g., catalyst

activity and tration, noner.,. concentration, feed . injectjon  rate,

product i on raﬁ@&iﬁgacti ag PB‘?ntéﬁdﬁ?j@g’FFté‘Hl’ﬁ'hﬁ sty “%deﬁﬁ‘f?ts and

general ly wil Iacmem%ﬂw;@l@w&ora%aﬁwyg'ﬁm@%gaﬁ& fnl 1he RREHed diBf dtypi cally
ariables’in

bet ween about 10 and 60 m nutes, influencing residence tine

i ncl ude the rierapaTeiEres netvieany 8RAIC fd dhe fresaing appinta P dhay situeme typjeaily| |

reactor vol unaﬁemJeRQ é]an&rt‘ﬁ)ogét alyst (Lewis acid) to nonomer ratio utilized
w Il be those “conventional 1Tn"this art for carbocationic polynerization
processes. In one enbodinent of the invention, the nononer to catal yst nole

ratios will typicall
y[8620%] Y The overall residence time in the reactor can vary, depending upon,

e.g., catalyst activity and concentration, monomer concentration, feed injection

rate, production rate, reaction temperature, and desired molecular weight, and
generally will be between about a few seconds and five hours, and typically
between about 10 and 60 minutes. Variables influencing residence time include

the monomer and diluent feed injection rates and the overall reactor volume.

[00203] The catalyst (Lewis acid) to monomer ratio utilized will be those
conventional in this art for carbocationic polymerization processes. In one
embodiment of the invention, the monomer to catalyst mole ratios will typically
be from 500 to 10000, and in the range of 2000 to 6500 in another embodiment.
In yet another desirable embodiment, the ratio of Lewis acid to initiator is from
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.



be from 500 to 10000, and in the range of 2000 to 6500 in anot her

enbodi nent. In yet another desirable enbodinent, the ratio of Lewis acid to
initiator is from 0.5 to 10, or fromO0.75 to 8 The overall concentration
of the inii{icdoRderéy7t he reactor is typically from5 top /95@9:%4?52110 to 250
ppm The concentration of the initiator in the catalyst Teed streamis
typically from50 to 3000 ppmin one eg{oodi ment. Anot her way to descri be
the anmount of initiator in the reactor is by its anmount relative to the
polyner. In one enbodinent, there is fromO0.25 to 20 noles polyner/nole

Initiator, an m O. o) . L DLt ro.l her
enbodi nent . v@‘%@m oe%ﬁ%ﬁ%ﬁ%%@ %5%%%9, cpfallst St i1
cont ai n suf f i of the pressn timvetiaf totdatalyza tied pobtmearizati@nef thé michempr @amiting nvent i on
to catal yze tFe pol ymer i ﬁat'on of Eipe mononer cantai ni ng, feed-stream such
that a suffi cleadsiream usie of Aoy %i Ao s o eaoygﬁ’érlét%‘?%&iiqs1 i S
produced. ThecHaeaeritiEen Prdduc) eTRIRREAUSHRA it MY ShtiRliderkt QoAthins FABRAMET

concentration greater than 20 wt % (based on the total weight of the
nmonomer s, di | epemerspppcemtatipy greaty shany0 witeetbesad eththe okl weight fghet her

enbodi nent. | n odli t _SQJEIF e/ . CO i.p from 30
w%to 50 wt % r%ﬁ%errlg’r %E:igﬁ{é’eﬁ{@a%%%%’g%%iokﬁgﬁlé 0 331 %A’gr’# 0 alr?gnomer,
di l uent, and embadiment. snsyet amoth&Otmidirfuait.alhy Seededtieami witicgon{dimfrech 3 Lew s

acid) in the react i mai nt ai ned bet ween .10, 00 unds. of pol ynmer per
pound of cat af’@ttoghd‘”%bﬁmnﬁ??ﬁﬁﬁ%mﬁw %@ﬁﬁio&a °3%‘8ﬁ83'8 tﬁé?’gf'vé T: and
desirably in Hihgnt andeatdlist4P86n. pounds of pol ymer per pound of catalyst to
1000 pounds of polymer per pound of catalyst by controlling the nolar ratio
of Lewis acid to initiator. [00206] In one enbodi nent, the resultant polyner
from one enbogj t of i ' LS. ga 1S 0wy [ pol ymer
(butyl rubberﬂmtgﬁgt hascegg9ﬁoﬁg§%gfwgh?}9 |e)s{4{1$i%)i gﬁn%é %%Egtg%eg out 2 to
7, and an unsuintzinédobetwter 1900 Podnds cofSpolymerl pee rpoand wélcatalybr emd 006 to 10.0

mol e, per 100pcr;r1'ﬁ1|d§ ogfpo ynrlle?'n[?erl"pom& of catalyst and desirably in the range of 4000

=

pounds of polymer per pound of catalyst to 1000 pounds of polymer per pound of

catalyst by controlling the molar ratio of Lewis acid to initiator.

[00206] In one embodiment, the resultant polymer from one embodiment of
the invention is a polyisobutylene/isoprene polymer (butyl rubber) that has a
molecular weight distribution of from about 2 to 7, and an unsaturation of from
0.5 to 5.0, alternatively, from 0.5 to 10.0 mole, per 100 mole of monomer. This
product may be subjected to subsequent halogenation to afford a halogenated

butyl rubber.
[00207] In another embodiment this invention relates to:
A. A polymerization process comprising contacting one or more

monomets, 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;



product may be subjected to subsequent hal ogenation to afford a hal ogenat ed
butyl rubber. [00207] In another enbodinment this invention relates to: A A
pol ymeri zati on process conprising contacting one or nore nobnoners, one or

more Lew svyashddgoa@es one or nore initiators in the pr e?ﬁ‘i‘ﬁﬁzdﬂ&mﬁzﬂi | uent
conprising one or nore hydrofluorocarbons (HFC s): B. e process of

paragraph A, wherein the diluent conpri j?s 1 to 100 volunme % HFC based upon
the total volunme of the diluent; W 20047067577 PCTI US2003/ 041221 72 C. The
process of Paragraph A or B, wherein the HFC has a dielectric constant of

21 or nore at -85G D f EEE’SM B 8 . wherein
the polyner has g:'di I uﬁfp‘%%g%ﬁg?‘%gﬁghg%% anﬁlgli-\%t@po .E ecprocess
of any of paragraphs A, cdista@ of ¥l ddmordatr-85%C;t he diluent further conprises a
hydr ocarbon; F. The progess _of any of .paraqr.ap A B .C .D, or.  E, wherein
the initiator is Selec %Ip'foffﬁ%"?ﬁﬂy Bﬁgwg@ﬁﬁ’:@ °hG> SEesibs SO TRL) | des, a
carboxylic acids, waterhastdiliediiasehstdke EIkdsdRm 4 @N%; M xtures thereof; G
The process of am%( of paragraphs A C, D, or_ F, wherein the nononers

are selected fromb-he gTbﬁ]PfQ,cﬁ%Pgﬂbh’@f@f’mﬂayE%ﬁe,B,pgr ar DyevhgreiacPeene,
ot e St ene, < M ReogS eyl sy Donzene. | SobuLene
but adi enes, 2, 3- difivet hyThe pra@essuifaiy exigardgraphn éndl, G cenk, wherein the _
o, oL e -1t vene, | Mg 055 Kk R BB b BRI oL
and a carboxylic acids, water, tertiary alkyl halides, and mixtures

thereof;

G. The process of any of paragraphs A, B, C, D, E, or F, wherein the
monomers are selected from the group consisting of styrene, para-
methylstyrene, alpha-methylstyrene, divinylbenzene,
diisopropenylbenzene, isobutylene, 2-methyl-1-butene, 3-methyl-1-
butene, 2-methyl-2-pentene, isoprene, butadienes, 2,3-dimethyl-
1,3-butadiene,  f-pinene, myrcene, 6,6-dimethyl-fulvene,

' hexadienes, cyclopentadiene, methyl cyclopentadiene, piperylene,
methyl vinyl ether, ethyl vinyl ether, isobutyl vinyl ether, and
mixtures thereof;,

H. The process of any of paragraphs A, B, C, D, E, F, or G, where
styrenic block copolymers are present in the contacting step;

I The process of any of paragraphs A, B, C, D, E, F, G, or H,
wherein the temperature is 0°C or lower;

L. The process any of paragraphs A, B, C, D, E, F, G, H, or I, wherein
the temperature is within 10°C above the freezing point of the
diluent;

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



m xtures thereof; H The process of any of paragraphs A, B, C, D, E, F, or
G where styrenic block copolyners are present in the contacting step; 1.
The process of any of paragraphs A, B, C, D, E, F, G or H wherein the

t enper at ur Qygd | ower; J. The process any of parag C, D E
F, G H o?v??w%%e"?gi n the tenperature is within 10C agg@)g&%@go ?zelezi ng
point of the diluent; K The process of7 any of paragraphs A B, C D, E, F,
G H 1, or J, wherein the slurry is su%stantially absent of water; L. The
process of any of paragraphs A, B, C, D, E, F, G H I, J or K wherein the

tenperature i s betyeen o I " 2PQ4 7577
PCT/ US2003/ 041221 %3 Mﬁgﬁgcgéggo&agggg?ﬁéﬁ%ﬁ% ’pﬁéFa‘é’?ggﬁs&% gqérqg E, F,
G H I, J, or L, wher eherdiheheppocess compripssi /e iitiatod gichientian 30 epher t han

30 ppm water (based upon i ght); and .N. The product produced by any of
paragraphs A B, C, D, E{ate\éﬁf)q%eéﬁonwglgl{}\ﬁ,a@ L, or M 0. The process or

product of the af ogenmentihe Rafiubs cBd B | ST AL r froma
boi l i ng pool reactor syst e% I E%%dSTRI A?IimzlPPLl &fﬁp&{%&, ?Ogiggiﬁpﬁ}ﬁq—gol yners
of the invention provi dd JkKehi @@l and physical characteristics that make
them hi ghly useful 5i n wige Y@%ése&rﬁarﬁtlm éﬁﬁ%&n?éﬁﬁone efl}lir?%lﬁﬁﬂ o Of
perneability to gases accolnt s fo e largest uses of these polyners,
nanely inner tubes and witheriproduced finem a boiling peolseantorpystpmrt i es are al so  of
i nportance in air cushions, pneunatic springs, air bellows, accunul ator
bags, and pharnmaceutical closures. The thermal stability of the polyners of

t he INDUSTRIAL APPLICATIONS

[00208] The polymers of the invention provide chemical and physical
characteristics that make them highly useful in wide variety of applications. The
low degree of permeability to gases accounts for the largest uses of these
polymers, namely inner tubes and tire innerliners. These same properties are also
of importance in air cushions, pneumatic springs, air bellows, accumulator bags,
and pharmaceutical closures. The thermal stability of the polymers of the
invention make them ideal for rubber tire-curing bladders, high temperature

service hoses, and conveyor belts for hot material handling.

[00209]) The polymers exhibit high damping and have uniquely broad
damping and shock absorption ranges in both temperature and frequency. They
are useful in molded rubber parts and find wide applications in automobile

suspension bumpers, auto exhaust hangers, and body mounts.

[00210} The polymers of the instant invention are also useful in tire
sidewalls and tread compounds. In sidewalls, the polymer characteristics impart
good ozone resistance, crack cut growth, and appearance. The polymers of the
invention may also be blended. Properly formulated blends with high diene
rubbers that exhibit phase co-continuity yield excellent sidewalls. Improvements
in wet, snow, and ice skid resistances and in dry traction without compromises in
abrasion resistance and rolling resistance for high performance tires can be

accomplished by using the polymers of the instant invention.



i nvention make themideal for rubber tire-curing bladders, high tenperature
servi ce hoses, and conveyor belts for hot material handling. [00209] The
pol ymers exhi bit high danmpi ng and have uni quely broad danpi ng and shock
absor pti on w@b@g@e7isfy both tenperature and frequency. TheyraRb&sdasiul 10
nol ded rubber parts and find wi de applications in autonobile suspension
bunpers, auto exhaust hangers, and body unts. [00210] The polyners of the
instant invention are also useful in tire sidewalls and tread conpounds. In
sidewal I s, the polynmer characteristics inpart good ozone resistance, crack
cut growt h, and appearance. The polyners of the invention may al so be

bl ended. Properly formul ated bl ends with high diene rubbers that exhibit
phase co-conti[@02kly yi eBlerss oftheepilymerd @fidiie mweﬂﬁmmﬂeﬂnnmmlashn rewids, snow,

and ice skid resis ces d i n tractio t es |

abrasi on resi satr%ﬁfgeedag GIOP gé’éfesf’%%oém }hglbﬁe %@?’i@et es can be
acconpl i shed biyotadtici@ gl&b)éf@éﬁen%odlﬂai Wﬁﬁtsatamoww\wﬂﬂparylsoway%&i@4/ 067577
PCT/ US2003/ 041221 74 00211] Bl.ends of the pol yrrers of the invention with
t her nopl ast i c In&&rtaia apglicationsethe fnsfant BRlymERiPrRYIds fof & aighly.<astis sampound

H gh-density t I n dified
Wih 5 1o 3 B dP sl el AAR: nfolbite KAUPBNAE g EONRIE B! B e tant
pol ynmers provi iwsialitomveatlm ohy ylsebabtm&&mﬂpmlyﬂmdehmtpro@cpDﬂmesslamzd in

t her nopl astic m)lk)f ng. equi prent. The polyners of the instant invention may
al so be bl ende®P Uﬁgijol yam des to produce other industrial applications.

[ 00212] The polynmers of the instant invention may al so be used as

adhesi ves, caul ks, seal ants, and ng{;\Zl ng conmpounds. They are al so useful as
plasticizers il 0212bber flbenprlumesnet Wie Aostant ipventipr m@)ﬁcﬁlsr?atbﬁr‘é”'le r@bber. In

inear | ow degifbdesPehifed Nebigs, bidBREh Moffidinds! Moy | HEUES GlehilCas' O

stretch-wap filns. They are al'so w del nmpl oyed in Iubrlcants as

di spersant s annlastmlzpn;tm rubjper ﬁmiul@uemwnﬂcgmtyh 8BRe afd hatimalrybhererindingar
low density polyethylene (LLDPE) blends, they induce cling to stretch-wrap

films. They are also widely employed in lubricants as dispersants and in potting
and electrical cable filling materials.

[00213] In certain applications, the polymers of the invention make them
also useful in chewing-gum, as well as in medical applications such as

pharmaceutical stoppers, and the arts for paint rollers.

[00214) The following examples reflect embodiments of the invention and

are by no means intended to be limiting of the scope of the invention.
EXAMPLES

[00215] The polymerizations were performed glass reaction vessels,
equipped with a teflon turbine impeller on a glass stir shaft driven by an external
electrically driven stirrer. The size and design of the glass vessels is noted for
each set of examples. The head of the reactor included ports for the stir shaft,
thermocouple and addition of initiator/coinitiator solutions. The reactor was
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



[00213] In certain applications, the polymers of the invention nmake them
al so useful in chewi ng-gum as well as in nedical applications such as
pharmaceutical stoppers, and the arts for paint rollers. [00214] The

fol | ow ng qu@stakGasi-ef | ect enbodi nents of the inventionpaipfis:@sBaPy NO neans
intended to be limting of the scope of the invention. EXAMPLES [00215] The

pol yneri zati ons were perfornmed gl ass rea,gtion vessel s, equipped with a
teflon turbine inpeller on a glass stir Shaft driven by an external
electrically driven stirrer. The size and design of the glass vessels is

not ed for ea{i%hﬁeﬁh&f °F%n%§§adn&}§r§8%}ﬁ‘?nd bg%lf %‘?o%ﬁé@ie%rtoi &cb;@ed orts for

the stir shaf ernocoup ion rnitrator/ coinitiat

sol uti ons. Thfill)_ji@@tﬁﬁ O 148 confiel Kthithe rd2CHGIE ficliREh WeRCHdiddatt EXIPEragUT €,
listed in the Tables, by imersing the assenbled reactor into a pentane or

i sohexane bat 1§09lgd t e ad nitragen . atmespheys delre owes 7 Aseltylesy dydtlpsap 2o 75

t enper at ure of NG r : B85 I . Al
apparatus in I%’%ﬁ%ﬁf(’:ﬂ n%ngglztn% tﬁﬁﬁde%()@elggﬁagn m%ﬁe&ﬂﬂy@?&g%ﬁ%éﬁe g%”lZOC and
cool ed i n a nithnouglethretstaispdsateel daddnnsscontining bapinat gztidenand(Wwere herstensedr
ExxonMbbi | ) and hyl. chl orj de I r .Pro ts). re dri b assi t he gas
t hr ough thz ee 204 g&iﬁ%@sasg{qé‘gs 1%61%3 é’oéb%#%fnﬁ H‘éﬁb‘a? ﬂllrﬁ%g%%e‘g%fn l gre °
condensed an(by_(lpdsbiﬁ%ttﬁd gas thiofih Weirilésst il doluni@XconMinifE Naldav@ll Yandet hyl

chl oride was dried y passing the gas through stain]ess steel columms
cont ai ni ng si MAeewas|sieypy Bowh aaiemaly weressppdenseshand ealiested 45 4iaviés & B8ndensed

and col | ected | Ojidi ' \ BLE ; i ot i!] i ed over
cal ci um hydri (??gh%qlg?]g?ﬁ Paélgﬁﬂﬂd"ggfg dx%%"é’ﬁ% é%? ?%y#é’%%gné %gp?‘%h) was
dried over calAsgom yMethylstysand (Aidrich) wasl driedhdesr calzoum by dridePd distilled
(2-chloro-2,4,4.-trinethy ape ared. from

5744 e ot hyPREnvaEE ” NG G5 A SBREE R GR ets mreRaredy SR ot her
The TMPCl va4j4sdméthpigertedeol andis Q.0 mobL Holutiohlod HCHn dARyIlice) Theock
soLution vas RIBeRwes distiicd betae ute. The HLT TR0k SoBBite) stotk safutioaves | 'Y

prepared by dissolving a desirable amount of HCI gas in dry MeCl to achieve 2-3

% concentration by weight. The hydrofluorocarbons that were collected as clear,
colorless liquids at -95°C were used as received. Hydrofluorocarbons that
remained cloudy or had visible insoluble precipitates at -95°C were distilled
before use. Propane (Aldrich), used as received, was condensed and used as a
liquid. Alkylaluminum dichlorides (Aldrich) were used as hydrocarbon solutions.
These solutions were either purchased or prepared from the neat alkylaluminum
dichloride.

[00216] The slurry copolymerizations were performed by dissolving
monomer and comonomer into the liquefied hydrofluorocarbon at polymerization
temperature and stirred at a pre-determined stirring speed between 800 to 1000
rpm. The use of a processor controlled electric stirring motor allowed control of
the stirring speed to within 5 rpm. The initiator/coinitiator solutions were
prepared either in the hydrofluorocarbon or, for convenience of small-scale
experiments, in a small volume of methyl chloride. The initiator/coinitiator
solutions were prepared by dissolving the initiator into the diluent (specified in
each of the examples) and adding, with mixing, a 1.0 M solution of the

alkylaluminum halide. The initiator/coinitiator solution was used immedjately.



% concentration by weight. The hydrofl uorocarbons that were collected as
clear, colorless liquids at -95C were used as received. Hydrofl uorocarbons
that renmained cloudy or had visible insoluble precipitates at -95C were
distilled wapions e. Propane (Al drich), used as recei densed
and used as a “ﬁgﬁ?d. Al kyl al um num di chl ori des (Aldrigﬁynggggmﬁggd as

hydr ocar bon sol uti ons. These squtionsTgere ei ther purchased or prepared
fromthe neat al kylalum num dichloride.”[00216] The slurry copol ynerization
were perforned by dissolving nononmer and conononer into the |iquefied

hydr of | uor oca . ol-vierization  t erat ure d irred at .a

b e- et or m nod 18 mistof BniRoL Rl has w1 W pi B oR i o,
processor conthiticd eglass| Pasteur Cpipétier of, ngptionily, £ljhdkeed dwoppingl fuahel fore
stirring speed to within r The initjator/coinjtiator solutiong were

o epar 6d of ¢ hEXATHIER HEgy e GPD ot 68 BORUGH Vg ¢ NNFR SeroBd g BRI | - scal o
experinments, iifti@&oFEGHhitiatéP| dddRioRl isTBhdiifledC M QR dRamplRE, W réfef @b/ ®mei ni tiator
sol utions were prepared by dissolving the initiator into the diluent

(speci fied i npreparakonf andh addifienpefe8) secand ardiiigd batchhohifiashly, peepated M

vas used | medrip Byt EpOE SIS et o Bl B irsfiieph 8 o sl vt on
i nitiator/coi batchaflhe phydied belmvien ©f thedabbert papicles and thet diste pb foubiag ivaat | on

using a chilled gl ass, Pasteur .pipeite or, optionall | acket ed droppi ng
funnel for eQﬁWﬂ%@‘Egﬁgi%e CEBf@H’B tigy of; g4 e‘ifgﬁw%rﬁétfgs e FOPPRR MY second
or third initéméwhg e stk shaft Md prdBink it pdrEcleP@ethfa @fllddspahifa. eS@fiages, we
refer to the preparation and addition o? a second or third batch of freshly
prepared i ni tWa§teeycagain md:the reagtion quepphed it the additign @f ergater Higg 100
concentrati ons,:tQ; [ at | JRr bber
particles and%&%h{se?s:tofg %?&%OE'I i EZIQE;}I“\(/\?;&ES1611 ggﬁé‘%&gegﬁgﬁ Y%lﬁepég(fheg{ g’? 1!thHe
addi ti on of eadmonetsxiopwdriedde polytmgr.st oppi ng and renoving the stir shaft and
probing the particles with a chilled spatula. Stirring was begun again and
t he reaction quenched with the addition of greater than 100

[00217] Polymer molecular weights were determined by SEC (Size

Exclusion Chromatography) using a Waters Alliance 2690 separations module

equipped with column heaters and a Waters 410 differential refractometer
detector. Tetrahydrofuran was used as eluent (I ml/min., 35°C) with a set of
Waters Styragel HR 5u columns of 500, 1000, 2000, 10*, 10° and 10°A pore size.
A calibration based on narrow molecular weight polyisobutylene standards
(American Polymer Standards) was used to calculate molecular weights and
distributions.

[00218] Polymer molecular weights can be determined on other SEC
instruments using different calibration and run protocols. The methodolgy of SEC
(also know as GPC or gel permeation chromatography) to characterize polymer
molecular weights has been reviewed in many publications. One such source is
the review provided by L.H. Tung in Polymer Yearbook, H.-G. Elias and R. A.
Pethrick, Eds., Harwood Academic Publishers, New York, 1984, pgs. 93-100,

herein incorporated by reference.

[00219] Comonomer incorporation was determined by 'H-NMR
spectrometry. NMR measurements were obtained at a field strength



mcroliters of methanol. Conversion is reported as wei ght percent of the
nononers converted to polyner. [00217] Pol ynmer nol ecul ar wei ghts were
determ ned by SEC (Size Exclusion Chromatography) using a Waters Al li ance
2690 separ ule equipped with colum heaters a 410
differenti gfd?bg ’?dgg?onet er detector. Tetrahydrofuran \NggTﬁyssgé@&%{sﬁzell uent (1
m/mn., 35C) with a set of Wters Styragel HR 5g colums of 500, 1000,
2000, 104, 105 and 106A pore size. A cdfibration based on narrow nol ecul ar
wei ght pol yi sobutyl ene standards (Anerican Pol yner Standards) was used to

cal cul ate nol ecul ar i gh } L but 00218] Pol r. ol ecul ar
wei ght o can beouepardi B A5 oc SOEMEL? LAV wePs e 5 miv i

cal i bration anénpedtuier 6h 08 Maker Paite! NMRI gic@dmSbC sydtahsasikhapers GPC or
gel permeation chromatography) to characterize polymer. nolecul ar weights
has been revi autonspitheRolyngrs; At chepical ehilts wereetstrnreddoiiMSt he revi ew
provided by L.H Tung in Polynmer Yearbook, HH G Elias and R A  Pethrick,

Eds., Harwood Academ c Publishers, New York, 1984, pgs. 93-100, herein
i ncor por at ed 90226F er ende vafigp 2¢O NMR nowthndy  have deporused oo vhesacterizer i ned by

"H-NVR spectronetry. NVR neasurements were obt.ained at, a field str.ength WO
2004/ 067577 P G EorpOon pod c?S‘i‘PB%‘ioSﬁHﬁHé"’i o0 FOBOIS S i’%ﬁb .
' H- NVR spect r ahese hethiods @iifct @iplicatdéno ihe Pobmtrs bEthaindeitionk erA Aurnge NVR

spectronmeter system usi_ng CDC13 sol utions of theMﬁolyrrers. Al | chem cal
shifts were rdtfereasr chich TavRewy dhe oapligationr joft WMR  gesstiomeREd&e n§e been

used to char a%hﬁ%&t%ﬁzaﬁﬁﬁ’@@ﬁ%ﬁeré 109! ROKAEhMLrAROPSISARE ReabdbSt | It i on i n
copol ymers. Many o these ‘neéthods may be appli cabt |l yners of this
i nvention. A diéneasd R. AcPethgrls didah HatwoodvAeademichRublishsrs, dew Sorkofl 98VR
spectronetry t 2 racterization ymers is H R Kricheldorf in
Pol yrer Year b %ﬁlﬁz_s@%aer En%orp%raaetﬁ)y rgfere%%.

[00221] Table 1 lists the results of polymerizations conducted at -90 to -95

°C in hydrofluorocarbons and methyl chloride (CH;Cl) (Example 10) and propane

(Example 11) for comparison. A 100 ml glass mini-resin kettle was used for these

examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was used as an initiator in

these examples.



Elias and R A Pethrick, Eds., Harwood Academ c Publishers, New York, 1984,
pgs. 249-257, herein incorporated by reference. [00221] Table 1 lists the
results of polynerizations conducted at -90 to -95 C in hydrofl uorocarbons
and met hyl “ﬁmo?{{g(ggﬂ(%m) (Exanpl e 10) and propane (Eé’i“ﬁigﬁoﬂs/&&%nf or
conparison. A m glass mni-resin kettle was used for these “exanpl es.
TMPCL (2-chloro-2,4,4-trinmethyl pentane) s used as an initiator in these
exanpl es. WD 2004/ 067577 PCT/ US2003/ 041721 78 Table 1 Temp. Yield
Conversion M Ml % Exanple (C) Diluent (g) (W, % x 100 M9/M IPi b -95
CH3F 0.80 21.1 225 2.4 1.2 2 F d -93 fﬂ,- 3.28 83 305 3.1 1.7 3 -90 CH2F2
0.99 24.8 297 3.4 1.5 4 -95 CHF3 1.8&84+=% 390 4.6 2.2 5 ° -95 CH3CHF2
1.48 37.3 842 2.5 1.4 6 c. d -95 CH3CF3 2.89 72.1 327 2.3 2.0 70 -95

CH2FCF3 1.48 37 3 384 2 5 1. 7 8 -0§ 2CHE2 0 82 41 Q0 142 2 3 2.3 90, e
-95 CHF2CF3{0.39 29. %embg 2.8 2.6 | MeldgpCempemiong 5 M4, b 397 4. Moleg 13
-95 Propane! Zxample59.4CH 7| 2DAneat0 R (HXCEPtWiWr g npiefd pokymerlizati gns were
run with 30 ‘o? il(ﬂ(é)ﬁt 5.4 nlof ispbutyleng and 0.23 nl ¢df |soprene
(I'P), initiatorkcoinilgsatjor cg@ ut] ofigo Wer eapi epdredasn [L. 341 |of | gretihyl
chloride usiltng 1. 61 mcroliters of|l TWO apd 11.5 mcroliters of lJa 1.0 M
hexane sol ufi op=¢ of| neghy| algcpgrnum dighl pridg (MADChps b: | Thyee | 17
initiator/cqiniti r _hatlches added to the reactdr
3 -90 CHF, 099 24.8 297 34 1.5
4 -95 CHF, 1.88 47.1 390 4.6 22
5¢ -95 CH,CHF, 1.48 373 842 2.5 14
6%¢ -95 CH,CFs | 2.89 72.1 327 2.3 2.0
7°¢ -95 CH,FCF 1.48 - 373 384 2.5 1.7
8° -95 CHF,CHF; 0.82 41.0 142 23 23
9% -85 CHF,CF, 0.39 293 106 2.8 2.6
10 -50 CH,Cl 0.58 14.5 397 33 1.3
11 -95 Propane 237 59.4 67 2.4 2.0
a: Except where noted polymerizations were run with 30 ml of diluent,

5.4 ml of isobutylene and 0.23 ml of isoprene (IP), initiator/coinitiator
solutions were prepared in 1.3 ml of methyl chloride using 1.6
microliters of TMPCI and 11.5 microliters of 2 1.0 M hexane solution
of methylaluminum dichloride (MADC).

b: Three initiator/coinitiator batches added to the reactor
Two initiator/coinitiator batches added to the reactor

d: ethylaluminum chloride (EADC) used in place of MADC

e: reaction scaled to 10 ml of diluent

[00222] 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



c: Two initiator/coinitiator batches added to the reactor d: ethylal um num
chloride (EADC) used in place of MADC e: reaction scaled to 10 m of

di luent [00222] Polymerization in any of the hydrofluorocarbons resulted in
rubber paryéedegseisiat did not adhere to the walls of therhRdsseinsf to the
stirring shaft. The particles floated to the surface of the |liquid when
stirring stopped. The particles WO 2004/7967577 PCT/ US2003/ 041221 79 were
hard as evi denced by pressing on themwi th a chilled spatula when tested
near reaction tenperature. Polynerization in nmethyl chloride resulted in
rubber parti t.0L. tirring
shaft. The paﬂﬁﬁ% Ihéltsala%své}rii %ﬁéﬁggi %/elgérﬁuggié :a%‘ﬁm%ztﬁ ap{:hép)g% E%@%%Egﬁ?s ﬁded

spat ul a when trest sdctiveatempemoire. olyrherizatora inmethyPohlptide resaltedin rubb@r opane

resulted in a _two- e Jiquid-liquid reagtion The depnser.phase.was

i oar iy ri oh A adtgre o both B asaeton iats e SRR SRRE R S Spane.
Exanples 12 - vide cReFYRbbESSHichPrdtRE Wit oVdiElled 2pithRVPhen eI ICARFredétiond0 tO - 55
Care given in Table 2. Exanplés 13 and 14 are conparative exanples. A 100

n gl ass mi ni -tempeyatyre e tPolymnegizations i propane; Fesultedeitaapiwephase)fiqyid-liquid

(2-chloro-2,4,4- tri LAl :+ e
exanpl es. Tablréac&%ﬁ%cﬁ%%?%@éﬁ%&c‘é&?%ﬁﬁ?ﬁ B @%@%}vg&%é %@l@egﬁﬂ Es?g) (W.
% X, 10-3 Mw/ Nwvashvizhdf pfopade2 - 55 CH2F2n 1.1 29.0 205 2.2 1.9 13 -50 CH3C
1.1 29.052 1.51.1 14 -55 Propane” 1.2 30.9 87 2.2 1.8 a: Polynerizations
were run with 30 m of diluent, 5.4 m of isobutylene and 0.23 m of

i soprene (| P),Edaftipldsapari4coi nitiator solutions were prepared in 1.3 m of
met hyl chloride using 1.6 mcroliters of TMPCl

[00223] Results for polymerizations conducted at -50 to -55 °C are given in

Table 2. Examples 13 and 14 are comparative examples. A 100 ml glass mini-
resin  kettle was wused for these examples. TMPCl (2-chloro-2,4,4-

trimethylpentane) was used as an initiator in these examples.

Table 2*
Temp. | Yield | Conversion | M, [ ] ‘
Example [ (C) | Dilient | @ | (Wt.%) | x10° | My/M, | Mol% IP
12 -55 CHF? 1.1 29.0 205 22 19
13 -50 CH,CI 1.1 29.0 52 1.5 1.1
14 -55 Propane® | 1.2 30.9 87 2.2 1.8
a Polymerizations were run with 30 ml of diluent, 5.4 ml of isobutylene

and 0.23 ml of isoprene (IP), initiator/coinitiator solutions were
prepared in 1.3 ml of methyl chloride using 1.6 microliters of TMPCI
and 11.5 microliters of a 1.0 M hexane solution of methylaluminum
dichloride

b: Two initiator/coinitiator batches added to the reactor



and 11.5 mcroliters of a 1.0 M hexane sol ution of nethylal um num
dichloride b: Two initiator/coinitiator batches added to the reactor WO
2004/ 067577 PCT/ US2003/ 041221 80 [002241 The pol ynerization in

di f I uor onewfi@aReBG¥e rubber particles that exhibited skpichfushdsbbfsyn Physi cal
properties as evidenced by probing wwth a chilled spatula at reaction

tenperature. M nor anounts of fouling ,e evident on the reactor walls and
stirring shaft. In conparison, the polynerization in nmethyl chloride
resulted in a viscous coating of polymer on both the reactor walls and the

stirring shaft y lit dhgROLY. tharsd/ e a0 I | uent
medi um  The P%ipégle bagtéléﬁjg%nerl&zﬁa i‘gﬁﬁ"e"}ﬁg‘gn m%@gﬁggeﬁcﬁaﬁf%%ﬁh&
appr eci abl y didxkhibited stiff-ritderyt pheysicalproperti@®€ efifiainded by, prébiagmiith alchifledTwo

phases were appargnt in th reactor.,.. The denser ase was rjch in polyner

nd the- 11 ght SPRBfEd efston Sembergibiso Minor oo o5 BV e iR ik he”or e

propane dil uer‘r&ad@&SwﬂW&icﬂ@ﬁ:ﬁhF)éhaﬁ.eqﬁ CohfpaAsEh, mteap?ol | ﬂéﬁ@ioﬁr‘iﬁrmétﬁflmd in
abl e

the nethyl chloride run. Exanples 15 - 21 [00225%1 lists the results
of pol yneri zatshiide sesyliedingagvisgous osating of,polymper o3 bath theasadieralls pad e

chl oride bl en : : L | ok : hese
exarrp: es. TNP%Fr?r%%Jhgﬁo?grghgﬁ}f @%%f‘ﬁ”;ﬂ ‘g%sn%%gﬁde%? t&gﬁqg&stq%eﬁﬁ ]Hl?'ni tiator
in these exanplhesprofiaab besedl poipnerezatiomexpletimEntadip Inet Dick wappitesiabdy| diffsryiitel d ( g)
W. % X 103 / Mb19% | CH2FCE3 95/5.2.97 74.0 234.,3,5 1.2 16
60 | roFcrs Bt s 4 86 959C ST o Egampls 10 7 1 RRGEEIe PR RIP SR 1518 55 64. 0

435 2.5 1.3 18acdid Crh{ldefel phake/ ks fictBth $6lythep 48d Zhe lightér phite GidACGy/ CH2FCF3
80/20 1.85 46.6 285 2.7 1.5

propane. The polymer in the presence of the propane diluent was considerably

less viscous than the polymer formed in the methyl chloride run.
Examples 15 - 21

[00225] Table 3 lists the results of polymerizations conducted at -95 °C in
hydroftuorocarbon / methy! chloride blends. A 100 m] glass mini-resin kettle was
used for these examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was used as an

initiator in these examples.

Table 3*

‘ . . ‘ Conversion| M, , .
Example]  Diluents Vol % | Yield (g) | (Wt. %) | X10° waM,. Mol% IP
15 | CH;C/CH.FCFs | 95/5 | 297 74.0 234 | 35 1.2
16 | CHy;CI/CH,FCF; | 90/10 | 1.90 47.0 600 | 29 1.6
17 | CHsCVCH,FCF,; | 85/15 | 2.58 64.0 435 | 25 1.3
18 | CH;CVCH,FCF; | 85/15 | 1.83 46.0 570 { 25 1.7
19 | CH;C/CH,FCF; | 80/20 | 1.85 46.6 285 | 27 1.5
20 CH,CI/CH,F, | 80/20 | 3.22 80.0 312 | 32 1.9
21 CH,CI/CH,CF; | 80/20 | 2.83 70.6 179 | 2.7 22




20 CH3Cl/CH2F2 80/20 3.22 80.0 312 3.2 1.9 21 CH3CI/CH3CF3 80/20 2.83 70.6
179 2.7 2.2 WD 2004/ 067577 PCT/ US2003/ 041221 81 a: Except where noted

pol ynmeri zations were run with 30 m of diluent, 5.4 nl of isobutylene and
0.23 m of (IP), initiator/coinitiator soluti pared in
2.6 m of Prﬁe(?ﬂﬁfl@dgﬂlorl de using 3.2 mcroliters of TMP ?'?/g‘ﬁgk%%ﬁgﬁ
mcroliters of a 1.0 M hexane sol ution ngl et hyl al um num di chl ori de ( EADC)
b: nmethylal um numdichloride (MADC) used instead of ethylal um num

di chl ori de (EADC) Exanples 22 - 25 [00226] Results for polynerizations
conducted at -55 C are given in Table 4. Two batches of
initiator/coinitiator solutions were used for each exanple. A 100 m gl ass
m ni -resin ketat | e \Baseph v@rd noted belsmeﬂmnnd asre riyRGth @ ndWfakilaent, 5.4

L oY PG Bl B L it e N SEEBRBLER: ToEL e, £
22 CHBCUCHRFCES 90kdigusiest brobad k28 i & metBy GURGECTRRERD BRbdfed. 90 77. 7

77 2.2 2.2 24 Cl43CUCH2FCF3 80/ 20 2.37 62. .9 2.0 25 CH3000H2FCF3
75/ 25 2.38 62.5 880f. TMPCh and 381G, veicrolifars o‘i’fs awér(b Murhemnphs@mtm of f

diluent, 5.4 m of &ﬁ’IH%M 1Ok m of isoprene (IP),
I niti ator/c0| niti atoS’ solutl (r)}ﬁcs Wer. preaared in 1.3 m of nmethyl chloride
using 1.6 m crol i t efethyddlurhividel dichibride. BVIADCY) olisetl eirstead f ofa ethylaludhihexane

solution of nethylal um nu l.chl oride (MADC). WD 2004/ 067577
PCT/ US2003/ 041221 %ﬁg‘mn e’&ﬂb‘iﬁ

Examples 22 - 25

[00226] Results for polymerizations conducted at -35 °C are given in Table
4. Two batches of initiator/coinitiator solutions were used for each example. A
100 ml glass mini-resin kettle was used for these examples. TMPCI (2-chloro-

2,4 4-trimethylpentane) was used as an initiator in these examples.

Table 4°

. e e | Con\fersion . My . _
Example| Dlluents | Vol Yield (g)| ' (Wt. %) | X107 | M,/M, |Mol% IP

22 CH;CI/CHZFCFg 90/10 | 2.35 61.7 84 1.7 2.2

23 CH;Cl/CH,FCF,| 85/15 | 2.96 77.7 77 2.2 2.2

24 |CH;CHCH,FCF,| 80/20 | 2.37 62.2 82 1.9 2.0

25 CH;CVCH,FCFs} 75/25 1 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 m! 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).



Exanpl e 26 [00227] A polynerization was conducted w th net hoxyal um num
dichloride at -95C. The initiator/coinitiator solution was prepared by
dissolving 0.93 mcroliters of anhydrous nethanol into 2.6 m of liquid
1,1,1,2- tejdadohwspet hane at -35C. To this solution V"aibcgﬁﬁfﬁsgﬁzzl
mcroliters of a 1.0 nol/L solution of ethylalum numdic Iorlo{e I n pentane.
This solution was stirred for 10 m nut 83 A second sol ution was prepared in
the sane way. To each solution, 3.2 mcfoliters of

2-chloro-2,4,4-trinethyl pentane was added with stirring and cool ed -95C.
Bot h sol uti onsﬂ)&gﬁfeﬁdded dropwi se to the polynerization solution with a
chilled pipette. 100 M glass mni-resin kettle was used for this
exanple. Table 5 Exanple Diluent Yield (g) Conversion (W. %9 Mx 10 M/ M

Ml % IP L 26 FECF3 2.61 65 248 2.6 2.6 a e 2 00228] . Table 6 lists
the results of[%ﬁ:yrreﬁ z ROV BRIENR U VEd %ﬁ%éu‘ggctl e n([j’iS‘E‘?‘B’@JaihHmBW“BfS/ 15
(VI V)bl end ofidhicride e -9 9Lt afle ARl BARRR dolbids vl eiice 8y BRGinENI S run

A
was nade with 3 ~of diluent, 5.4 nm of isobutyleng, of "i soprene
and used a i niG93twictalitérai of sanbydrous umetbamopr apar2d md 2f clighid  hgd 1Ry

hl ori d ing 3.2 mcroli f..TNPCI .and 32. 0. mi.cr.oliters of .0 M
hexane. ol ut 1 drisomsfiads  S1ao oM PiRe s A Z5miosglii 5 L0 i i
resin kettle vag/IVSsHEidnSf eyl fuBiaiiPdichlonie i3 QRARRS 7Pif¢ stitiod wad@rted41221 83

Table 6 Conversion M Exanple Yield (g0 (W. %9 X 10 M /M M1%IP 27 0.28
7 772 2.8 1.8 forl8pinalgs.2c\ secpnd solution Was prepared in the same way. To each

solution, 3.2 microliters of 2-chloro-2,4,4-trimethylpentane was added with
stirring and cooled -95°C. Both solutions were added dropwise to the
polymerization solution with a chilled pipette. . A 100 ml glass mini-resin kettle

was used for this example.

Table 5

Examplel Diluent | Yield (g) [Conversion (Wt. %) M, x 107 || M./M, |Mol% IP

26 CH,FCF; 2.61 65 248 2.6 2.6
Example 27
[00228] Table 6 lists the results of a polymerization conducted at -95°C

conducted in an 85/15 (V/V) blend of 1,1,1,2-tetrafluoroethane and 1,1-
difluoroethane. This run was made with 30 ml of diluent, 5.4 ml of isobutylene,
0.26 ml of isoprene and used a initiator/coinitiator solution prepared in 2.6 ml
methy] 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.



[ 002291 Table 7 lists the results of polynerizations that were conducted at
- 95C in hydrofluorocarbons and a bl end of a hydrofl uorocarbon and net hyl

chl oride using p-nethylstyrene (pM5) as a conononmer. A 100 m gl ass

m ni -resi Nnwdsdo s used for these exanples.

TWCl(Z-chﬁn‘?o-%’!’ﬁ?Ttri met hyl pentane) was used as an Fﬁ?ﬁ%‘%%?"?? t hese
exanpl es. Table 7a Conversion M Exarrplg Diluent Yield (g (W. 9% X 10"
M/M Ml %pMs 28 CH2FCF3 1.37 33 322 $2 2.1 29 cH3CI/ CH2FCF3 0. 96 23 762
4.2 2.2 80/20 VN 30b CH2FCF3 3.81 92 160 3.3 3.6 31b CH2FCF3 1.18 28 278
3.2 1.8 a: Except where noted polynerizations were run with 30 m of
diluent, 5.4 m of isobutylene and 0.34 nil of p-nethylstyrene,
initiator/coinitiator solutions were Babdpered in 2.6 mM of methyl chloride
using 3.2 microliters of TMPCl and 23.0 microliters of a 1.0 M hexane
solution of ethylalum numdichloride (EADC). b: 32.0 microliters of a 1.0 M
hexane sol ution df et ny-%al Um NOMCghversicn 1 0€ Myas|-used. I pst ead 0f the anount

RIS HE

Pol yneri zation i any of The d[Tuents of [Ta respl T ed T rubber
particles that did%t adfef®e 1o th vvalls%%fthe r%gct)r c}rnstothe stirring
shaft. The particles floated to the surface of the Iiquid when stirring

st opped. Wen testgg near the reaction tenperature, the particles were hard
as evi denced Biappk&§dfndion themwith a chilled spatul a.

[00229] Table 7 lists the results of polymerizations that were conducted at -
95°C in hydrofluorocarbons and a blend of a hydrofluorocarbon and methyl
chloride using p-methylstyrene (pMS) as a comonomer. A 100 ml glass mini-resin
kettle was used for these examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was

" used as an initiator in these examples.

Table 7"

T . ‘ ‘Conversion M., |
Example|  Diluent |Yield(g)| (Wt %) X10° | M,/M, |Mol% pMS
23 CH:FCF; 1.37 33 322 32 2.1

CH;Cl/CH,FCF;
29 80/20 V/V 096 23 762 4.2 22
30° CH,FCF; 3.81 92 160 3.3 3.6
31 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 (2) above.



Exanpl es 32 - 37 [00231] Table 8 lists the results of polynerizations that
were conducted at - 95C i n hydrofl uorocarbons and nethyl chloride for
conpari son. Exanples 36 and 37 are conparative exanples. A three-neck 500
m gl ass repgimkneyey used for these exanples. Prior topggrR:@9bie%Hri zation,
300 mM of nonomer feed containing 10 wt % of nononers were cﬁarge into the
chilled reactor. The initiator/coiniti qi nolar ratio was controlled at
1/3 and the concentration was set at 0.1 wt% EADC in MeC . The
initiator/coinitiator solution was added dropwi se to the polynerization
mxture and te 1 aie Blodfdh U olkhictoSGhuhAbloBihd el i B obe TRPCINAL the
reactor tenperature ralise did not excee e anou
initiator/coinitiatsdis@)uti on added i n each depended on the desired npnoner
conversion target. Table 08 Conversion M My Exanple Dilubnt (W. %9 X IV
3:10-3 M/MMI%IP 32 CH2FCF3 65 315 626 2.0 2.7 33 CH2FCF3 94 213 489
2.3 3.0 34 CYRANEP 55 RdgmBadidnth duBoMel A0AMIGTEDT PREMPAGINAL1221 85
35 CH3CHF2 100 197 558 : 36 CH3Cl 54 170 628 3.7 2. 37 CH3Cl 97 135
517 3.8 2.4 apﬂm&%m#ﬂéﬂ@rm@ewalrlnswbﬁre&ﬁtorgbm?ﬁmsﬁ%%r &%e nol ar

feed ratio of m%éf?ﬂb%&%@lh Pt ﬁm " sgea.st
production of phl gﬁ nol ecul zfr vvea% bm ruét?)’ber l%s%n an @%&ﬁ?ﬁ
i nitiator sysueanthereapiopdmBperamee, Gdd@riclesovare bard a5 evidenced by prdssing wei ght  of

t he butyl pol F2CF3 and CH3CHF2 were significantly higher
t han pol yner s&%&ﬂ%ﬁ}g&l S%%ﬁ'

Examples 32 - 37

[00231] Table 8 lists the results of polymerizations that were conducted at -
95°C in hydrofluorocarbons and methyl chloride for comparison. Examples 36
and 37 are comparative examples. A three-neck 500 ml glass reactor was used for
these examples. Prior to each polymerization, 300 m! 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,

Table §*

Conversion M, M,
Example | Diluent (Wt. %) x10° | x10° | My/M, | Mol% IP

32 CH,FCF; 65 315 626 2.0 2.7

33 CH,FCF; 94 213 489 23 3.0

34 CH;CHF, 35 414 813 2.0 1.3




sim |l ar nononer conversion under simlar conditions. The pol ydispersity

(Mv Wn) of the butyl polyners made in both CH2FCF3 and CH3CHF2 was narrower
and closer to the nost probabl e pol ydispersity of 2.0 than the pol yners
made i n Me§yo bpagiedrssi m | ar experinental conditions. The picgRRE@EB1221

i ncorporation in the copolynmers nade in Med falls between CH2FCF3 and
CH3CHF2. The polyner slurry particles de in both CH2FCF3 and CH3CHF2
appeared to be significantly |less sticky during handling than the pol yner
slurry particles made in MO under simlar conditions. Exanples 38-44

[ 00233] Tabl ef9—ttstgtheresutr-ts—of —cppotyrertzattons—of—sobutytgne and p-
met hyl styrene|t hd? wer@:E5Ed|ct ed0®it - 9509ﬁn hyd2®f | uo?-dcaf borls® and net hyl
chl oride for ¢ompartsom, _Exayptes 4 —anmd 42 —=ge conparativeexanptgs. A

t hr ee- neck 500 mBégl as<CH€hcor wds uspd ¥8r {hé3% exalplep. Bl or {to each
pol yneri zati o, 300 Tff—_of _onomer _feed|contar (i Ng_ 1§ W 6O  MONOMET|S wer e
charged into {he3¢nilfl sfbagt or .97The | nilPat or AEbi ni t3&tof ndar rlatio was
controll ed at "I73 and the concentration was set at U. I W% EADC in McCl. The
initiator/coinitiator solution was added dropwi se to the polynerization

m xture and tthe r Zplymsrizatipgs wemup vithgndsobpiyleaciisopesne molas feadyratiookt hat t he
react or terrperatur%/\go 2004/ 067577 PCT/ US2003/ 041221 86 raise did not
exceed 40C. The amdunt of initiator/coinitiator solution added in each
depended on the desired nononmer conversion target. Table 9 Conversion M M

aml s 01, Y A0 WM JRLRG, S0 oERap g o1 Dot
CH3CHF2 56 188noleddfht woight buflyl rubber using an EADC/HC] initiator system in CHF,CF;

and CH;CHF; diluents. The molecular weight of the butyl polymers made in

CHF,CF; and CH3CHF; were significantly higher than polymers made in MeCl at

similar monomer conversion under similar conditions. The polydispersity

(Mw/Mn) of the butyl polymers made in both 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 CH3;CHF;. The
polymer slurry particles made in both CH,FCF; and CH3CHF; appeared to be
significantly less sticky during handling than the polymer slurry particles made in

MeCl under similar conditions.
Examples 38-44

[00233] Table 9 lists the results of copolymerizations of isobutylene and p-
methylstyrene that were conducted at -95°C in hydrofluorocarbons and methyl
chloride for comparison. Examples 41 and 42 are comparative examples. A
three-neck 500 ml glass reactor was used for these examples. Prior to each
polymerization, 300 ml of monomer feed containing 10 wt% of monomers were
charged into the chilled reactor. The initiator/coinitiator molar ratio was
controlled at 1/3 and the concentration was set at 0.1 wt% EADC in MeCl. The
initiator/coinitiator solution was added dropwise to the polymerization mixture

and the rate of addition is controlled in such as way so that the reactor temperature



42 CH3CHF2 100 169 908 5.4 4.9 43 CH3Cl 57 97 443 4.6 3.8 44 CH3C 69 94
342 3.6 4.0 a: Polynerizations were run with an isobutyl ene/ p-nethyl styrene
nolar feed ratio of 90110 100234] The exanples in Table 9 denonstrate that
usi ng an E&Bdigdersiitiator systemin a CH2FCF3 di | uenperhiRSoppaAd ct i on of

i sobutyl ene-PM5 copol yners with conparabl e nol ecul ar wei ghts to copol yners
produced in a MeCl diluent. |sobutylenglp-nethylstyrene copolymers prepared
in CH3CHF2 exhibit much hi gher nol ecul ar wei ghts. The pMs i ncorporation in
the copolyner is significantly higher in CHZFCF3 than in McCl using the
same nononer feed, conpositign under simlar reaction conditions. In

addi ti on, the T8 igerot srered\A CpaFhe apeunt jof, indfiptpreoinitiaior selutien, agded in

significantly i RN ) WA WO 2004/ 067577

PCT/ US2003/ 041%%&1’%&7&“9%5% o -l?fﬁé[}gg‘}‘gg?"%%e% 10 lists the results of
copol yneri zation of isobutylene/p- nethylstyrene and isobutyl ene/isoprene
that were conducted at -95C in an 80/ axture (by volunme) of CH2FCF3 and
CH3CHF2. A three-neck 500 ml glass r was used for these exanpl es.
Prior to each pol ynerization, 300 mM of nononer feed containing 10 wt % of

mononmers were_charged into the chille reactor The initiator/cojnjtiator
nol ar ratio s ‘bqp-t ol I'e‘d‘ Cat Cﬂ"g"‘%‘ﬁﬂ t hah c'b_hc]t\gnt‘ir-at.i on \as:set at{0.1 wt%
EADC in MCl.| Engsnpleli|t DRudt/ ¢Oi(Wel %Rt Q1. xSI@PULH @no® Was,addedisleapmse to the
polyrrerizati nmxturde and the rate off additilon is. |l confralled in stich as
way so that tlhe ggact|ocHE.eepgrat gpe rai seidid npaig excaad 4C. 4Bhe apount of
initiator/coipitiatod-solutign added in cach| lhe _desired
nononer conversi 8 t grger,CFIabl e 530 89 291 33 4.4
49 CHF.CF; 98 74 244 33 4.6
4] CH;CHF, 56 188 1,091 5.8 4.1
42 CH;CHF, 100 169 908 54 49
43 CH,(CI 57 97 443 4.6 3.8
44 CH;Cl 69 94 342 3.6 40
a: Polymerizations were run with an isobutylene/p-methylstyrene molar feed
ratio of 90/10
[00234] The examples in Table 9 demonstrate that using an EADC/HCI

initiator system in a CH,FCF; diluent, the production of isobutylene-PMS
copolymers with comparable molecular weights to copolymers produced in a
MeCl diluent.
exhibit much higher molecular weights. The pMS incorporation in the copolymer

Isobutylene/p-methylstyrene copolymers prepared in CH3;CHF;

is significantly higher in CH,FCF; than in MeCl using the same monomer feed
composition under similar reaction conditions. In addition, the polymer slurry
particles in CH,FCF; appears to be significantly less sticky in CH3FCF; than in
MeCl.



Conversion M M  Exanpl e Conmononmer M. % x 10-3 x 10 M /M 45a |soprene
87 309 676 2.2 46b pMS 76 449 1,048 2.3 47b pMs 100 349 1,166 3.3 a:

Pol yneri zations were run with an isobutyl ene/isoprene nolar feed ratio of
95/5 b: Polwyeflsédsi-ons were run with an isobutyl ene/ p- rp@tr@é&@gmlgﬂe mol ar
feed ratio of 90/10 [00236] Table 10 denonstrates the production of high
nol ecul ar wei ght i sobutyl ene-i soprene ggopol ymers and isobutyl ene- pM5
copolymers using an EADC/HCl1 initiator systemin a m xture of CH2FCF3 and
CH3CHF2 as the polynerization diluent. The polynmer slurry particles in the
CH2FCF3/ C3CHF 4, 7094./496 7577 PCT/ US2003/ 041221 88 mi xture denonstrate the
sane non-sti cki negs appearance as in a pure CH2FCF3 or CH3CHF2 dil uent
descri bed above. Exanples 48-117 [00237] Exanpl es 48 - 117 exenplify

copol yneri zat | I SO ng Wit h nomars £ .

copol yneri zat il %ﬂave B‘u'%l% 1?) ﬁsr'%\tthe‘[ Wﬁ‘ﬂfse % eé‘?atéﬂ?ﬁ Oé]lﬁohugﬂ?neéﬁ'l uents.
[00238] The pqheikRstyRas heisehATBhRSopremsd thst Wéie-EaﬁﬂtﬂﬁedJa%-%“@ﬁn\éﬁlSG/ZOObt ai ned

by running slurry copolynerization in test tubes equipped with rare earth

magnetic stir mizhge (WoHelwme) 965IGCHFEHs aWeCéhﬁI’@par-‘édhﬁeﬁ-nFﬁ@W%ml gl%ﬂges at the

gg%rﬁ?n;e%er%ﬁre‘?asv@eg% ﬁlecfd Hlt" Dflést %@nbm%?ﬂgggmcg%obu{)y ene and

enough liquid mmnmrwrfmd cantrigiof) i 16vet%a o8 nxmofdersowereochargeticiath. thPakhilledr i zat i on
sol utions wer e call tirred at, the.identifie a and were
initiated by t' tC'rdr %ﬁn ZP&%PPP T fmolar Jatig. Ié”aéof"?ﬂqoﬁﬁ‘ﬁ ﬁ% %“Ha@ﬁ
sol ution usi NGofcehtthfidroWasHeBt .1 wi% EADC in MeCl. The initiator/coinitiator solution

was added dropwise to the polymerization mixture and the rate of addition is

controlled in such as way so that the reactor temperature raise did not exceed 4°C,
The amount of initiator/coinitiator solution added in each depended on the desired

monomer conversion target.

Table 10
. . ~Conversion | - M, My
) Exs;mplé c@.'mqnqmer" We%) | x10° 5 x“‘1:0".3 . M/M,
45* Isoprene 87 309 676 2.2
46° pMS 76 449 1,048 23
47 pMS 100 349 1,166 3.3
a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of
95/5
b: Polymerizations were run with an isobutylene/p-methylstyrene molar feed
ratio of 90/10

[00236] Table 10 demonstrates the ‘production of high molecular weight
isobutylene-isoprene copolymers and isobutylene-pMS copolymers using an
EADC/HC] initiator system in a mixture of CH,FCF3; and CH;3;CHF; as the
polymerization diluent. The polymer slurry particles in the CH,FCF3/C;CHF:



Pasteur pipette. Conversion is reported as wei ght percent of the nononers
converted to polyner. [00239] Table 11 lists the results of polynerizations
that were conducted at -95C either in nethyl chloride (as a conparative,
exanpl es 48o 494082577 57, 58, 59, 66, 67, and 68), 1,1, }.Cﬁnk%g@jlgﬁoroet hane
or 1, 1-difluoroethane. |sobutylene was copolynerlzed elt
p-t-butylstyrene (t-BuS) (0.36 ml per ruslg), I ndene (Ind) (0.23 m per run)
or O-pinene ((3P) (0.31 m per run) as indicated in Table 18. A stock

sol ution of ethyl al um num di chl ori de (EADC) and hydrogen chloride (HCl) was

TR 1, T 8 AL iy ARSI

dichloride sdTHyGHF: dilnedtalesmibed abok®0 nml of net hyl chloride. Pol ynerizations
were run by adding, dropwise, 1.5 m of this stock EADC/HCL solution to the
stirred nononer solutions. Polynerizations were termnated with the

addi tion of O.Ekaffiplegf48-1m9t hanol . Pol yneri zation in any of the

hydr of | uor ocarbons resulted in rubber WO 2004/ 067577 PCT/ US20031041221 89
particles that did not adhere to the walls of the reactor or to the stirring
bar. The partf @iﬁi floﬁigg h |t i ng

st opped. The p[a ticles gfeggéd?}gé%v g@n@@&%n#@gm ng gﬁlahlg}ri#wth a
chilled spat uI@hm@monmtradﬂmplynmmumnhm@rh@mammtEWO Roipgragreszandi on i n
met hyl chl oride re%ﬂé d in rubber particles that adhered to both the
reactor walls BATHEEL i rri ng shaft. Table 11 Yiel4, Conv. Mwv nol %

Exanple Diluent CoM (ng) (WM. %) x 10 MN/I\/D CoM 48 CH3Cl1 t-BuS 496 12.8

139 2.5 1.4 4 Cl t-BuS .9 130 2.3 Cl t-ByS 485 12.6 112
22 15 51 o (- BiIGS oy medzaton cxemnis Glstedy Te 311 nd8 998 6.4 128
2.0 1.6 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
mi 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
dropwisel addition of a stock coinitiator/initiator solution using a chilled glass
Pasteur pipette. Conversion is reported as weight percent of the monomers

converted to polymer.

[00239] Table 11 lists the results of polymerizations that were conducted at
-95°C either in methyl chloride (as a comparative, examples 48, 49, 50, 57, 58, 59,
66, 67, and 68), 1,1,1,2-tetrafluoroethane or 1,1-difluoroethane. Isobutylene was
copolymerized with either p-t-butylstyrene (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/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. Polymerizations were run by
adding, dropwise, 1.5 ml of this stock EADC/HCI solution to the stirred monomer
solutions. Polyimerizations were terminated with the addition of 0.2 ml of
methanol. Polymerization in any of the hydrofluorocarbons resulted in rubber



53 CH2FCF3 t-BuS 295 7.6 119 1.9 1.9 54 CH3CHF2 t-BuS 325 8.4 297 2.7 1.8
55 CH3CHF2 t-BuS 433 11.2 217 2.6 2.3 56 CH3CHF2 t-BuS 333 8.6 303 2.7 1.8
57 CH3Cl Ind 375 9.9 68 2.2 1.2 58 CH3C1 Ind 179 4.7 117 1.7 1.3 59 CH3C1
Ind 130 3. 21.1 60 CH2FCF3 Ind 2279 60.8 131 2 2FCF3
Ind 1199 3?6%0%7% 1 2.4 62 CH2FCF3 Ind 2299 61.3 116P§T§]S%{08§A%2§I_{G-BG-IF2
Ind 323 14.0 141 2.3 1.8 64 CH3CHF2 In% 243 9.1 138 2.3 1.8 65 CH3CHF2 Ind
526 8.6 146 2.3 1.9 WD 2004/ 067577 PCT/ 832003/ 041221 90 66 CH3Cl pP 402
10.5 20.7 1.0 8.3 67 CH3Cl PP 406 10.6 20.5 1.1 7.8 68 CH3Cl pp 235 6.2

17.6 1.0 8.9 3 22.1
39.7 1.4 8.1 p@% %@E@%Eﬁa@ﬁ% %‘%‘hf ‘%ﬂj]sd’f%he ’%"tér f%%z‘%%ﬁ%&bgf é| ists the
resul ts of polpgnietes flatiedns tttermfawﬁéthedlquidoﬁlmd stitring fi6pedi (The paitticleset hyl
chloride (as a co ratiy a es 72, .73, 74, 82, an 83),

01 5% S et PR idehred 5 Brafene 51 et il = gt Foni e, Ehted

copol ymeri zed n\eartﬂaaaiohheﬁp@aﬁuéﬂ%Wmﬁln(&eﬁyﬂméﬂdéﬁsﬂtednﬁrmbw) or

indene (Ind) (0,23 m per run) as indicated in Table 12. A stock sol ution
of et hyl al unipatiieledithas pdherageo bpthitir reagter wliprang dhe diming sheB. (HCI ) was prepared
in methyl chloride by adding 0.320 ml of a 1.0 nol/L HO solution in
1,1,1,2- tetrafl uoroethane and 0. 960 'Tibﬁflla 1.0 nol /L ethylalum num

di chl ori de sol ution —_—

B S Yield | Conv. My, W | mol%
Example Diluehf |- CoM (mgj (wt. %) x 107 Mw!/M.. [CoM -
48< CH;Cl t-BuS 496 12.8 139 2.5 1.4
49 CH;Cl1 t-BuS 384 9.6 130 2.3 2.4
50 CH;Cl t-BuS 485 12.6 112 2.2 1.5
51 CH,FCF; | t-BuS 345 8.9 128 2.0 2.0
52 CH,FCF; | t-BuS 249 6.4 128 2.0 1.6
53 CH;FCF; | t-BuS 295 7.6 119 1.9 1.9
54 CH:CHF, | t-BuS 325 84 297 2.7 1.8
55 CH;CHF, | t-BuS 433 11.2 217 2.6 23
.56 CH;CHF, | t-BuS 333 8.6 303 2.7 1.8
57 CH;Cl Ind 375 9.9 68 22 1.2
58 CH;C1 Ind 179 4.7 117 1.7 1.3
59 CH;5Cl Ind 130 34 103 23 1.1
60 CH,FCF; Ind 2279 60.8 131 2.2 23
61 CH,FCF; Ind 1199 31.9 101 2.1 24
62 CH,FCF; Ind 2299 61.3 116 2.2 2.0
63 CH;CHF; Ind 323 14.0 141 23 1.8
64 CH;CHF, Ind 243 9.1 138 23 1.8
65 CH;CHF; Ind 526 8.6 146 23 1.9




i n hexane to 100 m of nethyl

dropw se,

sol uti ons except for exanples 72, 73, 74, 81, 82, 83 and 87.

73,

Pol ymeri zati ons
Pol yneri zation in any of

chl ori de.

particles that did not adhere to the wal
The particles floated to the surface of the liquid when

stirring bar.

I n exanpl

74, 8o Wdaedshy and 87, 2.3 nl of EADC/ HCL sol uti opceS20856:9221
were termnated with the addition of 0.2 m of nethanol.

t he hydrof |l uoggcarbons resulted in rubber
of the reactor

or to the

Pol ynmeri zations were run by addi ng,
1.5 mM of this stock EADC/HC solution to the stirred nononer

es 72,

stirring stopped—The partiches—werernmuchmore—stifif—as jevidenged-—by
pressi ng on rﬁﬁvm th LG 1led Bhat (I¥2when 15t eq RO |reddri on 8.3
t enper at ur e, tHar—wiHth—the—npthy—ecptor+ge-—preparga—exanptes:
Pol ymeri zati ¢n i6Y net hyﬂlHaGth oriple restlét ed i H.6 uber20@arlt i d¢lles |t ¥a8 adher ed
to both the reaeter—pats—andithe—si+Ag—-shatt—WO2004/067547
PCT/ US2003/ 0412268 9] TaiMG@ 12 YRl df "23Gow. Me.2VOM H)?airrpl el | yerg9 CoM ( ng)
(wt.% x 103pMAMML-CoM—72 CH3CL t+-BUS 1780 453 48 4 1 A 2 Q9 Y3 CH3(
t-BuS 1917 49. 6 &8. 0| ICKH,FCH 74ﬁﬂ-83l644 BuS 272’58 71 #.%0.412.0[{2.94 15
CH2FCF3 t-Bu$.500 1219 35 3114 4 1 |76 CHPECE3 t-BuS 523 13 5 39 .2 1|5 4.3
77 CH2FCF3 t {BuSH68 J@H;F@g# 5 4 33337& CHBCHF? |t 9BuS 165141619 8.1 1.7
4.4 79 CH3CHEZ2 t-Buy 733 19.0 71,9 1 80 CHE2 t|-BuS 440 _11.4 70.3
1.7 2.8 81 CH307yl nd | 76K, ek, 6 4% 1 4611;c 8%.5H3] g 645147- 1 s 1|1. 4
1.4 83 cH3Cl Ind 319 8.4 44./6 1"

[00240] Table 12 lists the results of polymerizations that were conducted at

~50°C either in methyl chloride (as a comparative, examples 72, 73, 74, 81, 82,
and 83), 1,1,1,2-tetrafluoroethane or 1,1-difluoroethane. Isobutylene was
copolymerized with either p-t-butylstyrene (t-BuS) (0.36 ml per run) or indene
(Ind) (0.23 ml per run) as indicated in Table 12.
ethylaluminum dichloride (EADC) and hydrogen chloride (HCl) was prepared in
methyl chloride by adding 0.320 ml] of a 1.0 mol/L HCI solution in 1,1,1,2-
tetrafluoroethane and 0.960 ml of a 1.0 mol/LL ethylaluminum dichloride solution
in hexane to 100 ml of methyl chloride. Polymerizations were run by adding,
dropwise, 1.5 ml of this stock EADC/HC] solution to the stirred monomer
solutions except for examples 72, 73, 74, 81, 82, 83 and 87. In examples 72, 73,
74, 81, 82, 83, and 87, 2.3 ml of EADC/HCI solution was used. Polymerizations
were terminated with the addition of (.2 ml of methanol. Polymerization in any of
the hydrofluorocarbons resulted in rubber particles that did not adhere to the walls
of the reactor or to the stirring bar. The particles floated to the surface of the liquid
when stirring stopped. The particles were much more stiff, as evidenced by
pressing on them with a chilled spatula when tested near reaction temperature,
than with the methyl chloride prepared examples. Polymerization in methyl
chloride resulted in rubber particles that adhered to both the reactor walls and the
stirring shaft.

A stock solution of



84 CH2FCF3 Ind 424 11.3 36.7 1.4
86 CH2FCF3 Ind 496 13.2 40.8 1.5

1.7
1.

85 CH2FCF3 Ind 464 12.4 37.9 1.4 2.0

9 87 CH3CHF2 Ind 328 8.7 40.8 1.5 1.4

88 CH3CHF2 Ind 338 9.0 42.9 1.5 1.3 [00241] Table 13 lists the results of

pol yer i zatw@bgslobdb; Wwer e conduct ed at
1,1-difluoroethane in 1,1,1, 2-tetrafl uoroet hane.
copol ynerized with one of the follow ng
i ndicated in Table 13:

i soprene (1P) (0.

%

0 m per

co
run),

nononer

-95C in a 20 w .p%hlendefha

| sobut yl ene was
onononers or

pairs as

p- nethyl styrene

(pM5) (0.26 m per run), p-t-butylstyrene (t-BuS) (0.36 nil per run),
indene (Ind) (0.23 m per run), (i-pngepf{el3P) (0.31 m per run) or a 50/50
nol / mol WO 2004/ 067577 PCTI US2003/ 041 2 blend (1 P/ pM5) of isoprene
(0.10 nm) angq—p—rethytstyrenre{0—383—Ha—pagr—rbh—as—-pdi-cat-ed—i-p—T 20. A
stock solutiqn of ethylal unliphum di chPael de OR¥e) a_n%hpdr oger 'Eﬁiﬁri de
(HO) was prgrExadtblen Mitdent ChiCoM d¢ (i) dddiweed. 329 10P oM, AV, 1. @oWp!|/ L HC1
solution in 1.1 2-tletrafl uof.oet hane _and {0. 960 m Jof a 1L 0 mol /L
et hyl al um num dighl or}i {‘U]I utiEpyg n| hexane t95400 [mggof pehhyl [ch) eriide.
Pol yneri zati ans..were {run by addi ng ropwiijse, 1.5 of this stqck EADC/ HCl
solution to the firnedcHRMONEr B8 Ul i1@7¢.| exgept florsgaxapmlies 98,0 §9,; 100,
101, 102, and 103. Kor exanples 98,199 and 100, 3.0 n of EADC/NHC sglution
was used. Fqr exgnpllescid, [10gpaed|H33g |2. 371k of | ERHDC HCh gsoljutg on was
used. Polynmerizations were termnatéeéd wtlh th [tion of 0.2|m of
met hanol . Pql ym i zatpgirdm BRypRE 1 hsgghydr of4 yor sopns nesul|t egd;in
rubber partidles that d%FdFr%o adhere_to tihe walls lof the|l reactdr or tlo the
stirring bar.| Theg panteal|ss, ! RBLEd |t 3 He sy face afg 4 he Liguild sen
stirring stogped. The particles werelhard | as evi dence gﬁ pressging on them
with a chilled spatullap t ESLBfg N¢akey €aCt { PR tlengeer at unes 4
Pol yneri zatiqn_in netlhyl ¢ Pofide resulted in rubbelr par t cllés that'3 adher ed
to both the rleacypr webisord t18uStr6s"d Shadd- | 681 | 1.7 | 44

79 CH,CHF; | t-BuS 733 19.0 71.9 1.6 4.1

80 CH;CHF, | t-BuS 440 11.4 70.3 1.7 2.8

81 CH3Cl Ind 704 18.6 49.9 1.4 1.0

82 CH;,CI Ind 645 17.1 34.1 14 1.4

83 CH;Cl Ind 319 84 44.6 14 1.1

84 CH,FCF; Ind 424 11.3 36.7 1.4 1.7

85 CHFCF; Ind 464 124 37.9 1.4 2.0

86 CH,FCF; Ind 496 13.2 40.8 1.5 19

87 CH;CHF, Ind 328 8.7 40.8 1.5 1.4

88 CH;CHF, Ind 338 9.0 42.9 1.5 1.3

[00241] Table 13 lists the results of polymerizations that were conducted at

-95°C in a 20 wt.% blend of 1,}-difluoroethane in 1,1,1,2-tetrafluoroethane.

Isobutylene was copolymerized with one of the following comonomers or

comonomer pairs as indicated in Table 13: isoprene (IP) (0.20 ml per run), p-
methylstyrene (pMS) (0.26 ml per run), p-t-butylstyrene (1-BuS) (0.36 mi per run),
indene (Ind) (0.23 ml per run), B-pinene (BP) (0.31 ml per run) or a 50/50 mol/mol



Table 13 Yield Conv. MNnol % Exanple CoM (ng) (w.% x 103 MWM) CoM 89 IP
1147 31.1 453 2.0 1.9 90 IP 2061 55.9 628 1.8 2.0 91 IP 2382 64.6 276 2.0
2.2 92 pMs 654 17.3 782 3.4 2.8 93 pM5 722 19.1 624 3.0 2.8 94 pMs 795

21.0 665 3yl Rodosrd5 t-BUS 411 10.6 304 2.0 1.6 96 t- 252 2.1
T o7 1 BOPUEET 50 51 1 0 w0 20041 067577 PCTT SBERBIOR 203 o8

Ind 166 4.4 283 2.2 1.3 99 Ind 405 10.7.267 2.3 1.4 100 Ind 208 5.5 317
2.1 1.2 101 pp 1340 35.6 104 1.5 5.2 102 pP 375 10.0 79.4 1.4 8.4 103 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 Q,6%/ | P/ 1.9.7,989 002421 Table 14
sts the ros e GyRYSh 8P smbieRe R0 18 eleia Bomeibotated Wb Bl PeiEe (o, 5 m
per rlun) tgat imii¢atedoia Mabletaed Ag‘sftocl@ﬁiﬁ;t}dﬂ dfeﬂbldlmmlnhmrdlﬂﬂorgdtqf lEAl)(L)caﬁﬂar ative,
exanpl es 107 1,1 tetrafl yoro 1 [ rqethane or a
20 wt . % bl end y%ﬂsea@? ya%ﬂreaara @ﬁﬂwﬁ@pﬁ h&aflfhnaﬂ?a%ﬁnﬁ o
tetrafluroet hqnﬁmoﬁ{ﬁﬁ@%hﬁi@h‘iﬁ'lqnl,ﬂftet%ﬂﬁ&b&hbﬂé‘ 410 S80ckl of k49 MEPC) and
hydrogen chloride (HQ) was prepared in nmethyl chloride by adding 0.320 m

of a ethylaluminum dichloride solution in hexane fo 100 ml of methy! chloride.
Polymerizations were run by adding, dropwise, 1.5 ml of this stock EADC/HCI
solution to the stirred monomer solutions, except for examples 98, 99, 100, 101,
102, and 103. For examples 98, 99 and 100, 3.0 ml of EADC/HCI solution was
used. For examples 101, 102 and 103, 2.3 ml of EADC/HCI solution was used.
Polymerizations were terminated with the addition of 0.2 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 and the stirring shaft.

Table 13

Yield Conv, My mol% -

Example | CoM | (mg) | wt%) | x10° | My/M, CoM‘_};‘.
29 IP 1147 | 311 453 2.0 1.9
90 IP 2061 | 559 628 1.8 2.0
91 IP 2382 | 646 276 2.0 2.2
92 pMS 654 17.3 782 3.4 2.8
93 pMS 722 19.1 624 3.0 2.8
94 pMS 795 21.0 665 3.0 2.7
95 tBuS | 41 10.6 304 2.0 16
96 tBuS | 389 9.8 252 2.1 1.9
97 +BuS | 445 115 241 2.1 1.9




1.0 nmol/L HO solution in 1,1,1,2-tetrafl uoroethane and 0.960 ml of a 1.0
nolt ethyl al um num di chloride solution in hexane to 100 ml of nethyl
chloride. Polynerizations were run by the adding, dropwise, 1.5 m of this
stock EADgdkebss@kiti Oon to the stirred nononer sol utlog.'émp?joy,gﬁghzatlons
were termnated with the addition of 0.2 m of nethanol merization in
any of the hydrofluorocarbons resulted 5n 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 Iiquid when stirring stopped The particles
wer e hard as revidenced by ESHt1Tg— Qi tHhem—wth—a—chited
tested near feac®® on|te at uf el66pPq| ym§:4| zat|i oB83 n chl3ri de
resulted in rubbet P -tetes—tpat—aghered—tothoth—t4 of—wat+si{ and t he
stirring shafit. S%he pol yﬁm‘rs | | s408d |i n DI e [142€khi i 2eéd ol etdl ar{ wei ghts
that were hi the—exetpstorH+mt—ofrtthe—SEG—+nRst+Hrent—uased to
determ ne thg nmdP@cullar Wed ght p.20Bhe MNSSof t|he8&7 poll y@drs [i s hBove| 1.5 x
106 WO 2004/ por5++PEH-US2603+P4122 H—gf-rrat—vol i’iu'rar '
S)

apaLUIa en

di stributiong (NMMD) c¢oul @Pal so| 1840 he d¥iernilned04or| tifesg safpl es| because

Of the h| gh l oactt]l An \nnu nhf Tgb! e 14 Y: e! d Ccn\vl_ | 04 [ :xrml a D uent

LA A AVAv L IRy | 3

(nm) (Wwm.% ¢CoM10207 |CH3@P 503 13757 10. 210.0008 |CHX®M4 689 18 8 |0. 1§410§ CH2FCF3
448 12.2 0.2} 110 CH2ECE3 543 14.8 .3 111 (CHECE3 14041110 0.3 112

CH3CHF2 338 9.21032 (113 CHFZ3gH81 1310140.1 144 CI—B(T,HFZ 3523,9. 6 D.2 115
CH3CHF2/ CH2KECER 453112.4 0 3

104 IP/pMS 331 8.9 632 1.8 0.49/1.7

105 IP/pMS 423 11.3 699 1.8 0.67/1.5

106 IP/pMS 361 9.7 989 2.1 0.71/1.5
[00242] Table 14 lists the results of copolymerization of isobutylene and

butadiene (0.15 ml per run) that were conducted at -95°C in methyl chloride (as a
comparative, examples 107 and 108), 1,1,1,2-tetrafluoroethane, 1,1-difluoroethane
or a 20 wt% blend (CH;CHF,/CH,;FCF;) 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 m! of methyl chloride.
Polymerizations were run by the adding, dropwise, 1.5 ml of this stock
EADC/HCI solution to the stirred monomer solutions. Polymerizations were
terminated with the addition of 0.2 ml of methanol. Polymerization in any of the
hydrofluorocarbons resulted in rubber particles that did not adhere to the walls of
the reactor or to the stirring bar. The particles floated to the surface of the liquid
when stirring stopped. The particles were hard as evidenced by pressing on them
with a chilled spatula when tested near reaction temperature. Polymerization in
methy] chloride resulted in rubber particles that adhered to both the reactor walls
and the stirring shaft. The polymers listed in Table 14 exhibited molecular
weights that were higher than the exclusion limit of the SEC instrument used to

determine the molecular weights, The M,, of these polymers is above 1.5 x 10°



116 CH3CHF2/ CHzZFCF3 777 21.2 0.2 117 CH3CHF2/ CH2FCF3 573 15.7 0.2
Exanpl es 118-141 [00243] The pol yneri zation exanples listed in Tables 15 and
16 were obtained by running slurry copolynerization in test tubes equipped
with rare wanddoemgnetic stir bars. Mnoner sol utions RaadRe@haked i n the
test tubes at - 95C for exanples in Table 15 and -35C for exanples in Table
16. The solutions were prepared by confjning 20 ml of the chilled |iquid
diluent, 5 m of liquid isobutylene and 0.20 m of isoprene. Exceptions to
this procedure are noted below Polynerization solutions were magnetically
stirred at te at 3 LBt d t(pphdg ' e@%ﬂ ' of a
stock coiniti g?%% iﬂg???lgfﬁg‘ﬁelggﬁﬁlg%ﬁ&%si ng gccl}qglalgégﬁglbggs agédeﬁb? pi pette.
Conver si on i s thespsammes besause pfjthe highrmelneulasfweighte nononers converted to
pol ymer. WD 2004/ 067577 PCT/ US2003/ 041221 95 [00244] Table 15 lists the
results of polynerizations that were Mt ed at -95C. Exanples 118, 119,
120, 123, 124, 125, and 126 are conpa exanpl es with Exanples 118 and
119 being exanples of this invention [002 R*' Pol ym:\ri 7:'rimgc were run by
the dropwise addition of this stock of = et hy¥iglini Gomvdi|ldreldrilde (EADC)/
hydrogen chloride (hzhinpsiel|uti onpligedihe - s iPﬁ@d RSS! eghiit]i ons. A stock
sol ution of EADC ahpd HO™ was prepared.-in “pethyl jchlorfide by adding 0.320 ni
of a 1.0 mol /L HQA [soljgyion in 1 3&12- t et r afph uofr opf harje d|0.960 m of a
1.0 nol /L ethyl al ui num di ¢ghl oride”sol ution “in hexane tjo T00|m of mnethyl
chloride. The total vqhglrre of theysipck sol utdegn ailiggd t qy § he

n JFabl e . A

c ri

pol yneri zation for [each exdanple is M st ed A séparlate stock

sol ution of ethylalum;ggm di chl @ and hydrggen Qrild g used for
Exanpl es 125 and 126. IE?%i s |sol uﬁﬂ&ge\%s pr 3p§ggd frorﬁ'treeoé%\gi tion of 2.0 m

o 0 dimi 11 thyl al b ot il ot o SHECED ot i b T8 N lbE flo hBo | of mothyl
chl ori de. 111 CH,FCF; 404 | 110 | 03

12 CH,CHF, 338 | 92 | 02

113 CH;CHF, | 481 | 13.1 | o

114 CH,CHF, 352 | 96 | 02

115 CH3CHF»/ CH,FCF; 453 124 0.3

116 CH;CHF,/ CH,FCF; 777 212 0.2

117 CH;CHF./ CH.FCF; 573 15.7 0.2

Examples 118-141

[00243] The polymerization examples listed in Tables 15 and 16 were
obtained by running slurry copolymerizations in test tubes equipped with rare
earth magnetic stir bars. Monomer solutions were prepared in the test tubes at -
95°C for examples in Table 15 and -35°C for examples in Table 16. The solutions
were prepared by combining 20 ml of the chilled liquid diluent, 5 m! of liquid
isobutylene and 0.20 ml of isoprene. Exceptions to this procedure are noted
below. Polymerization solutions were magnetically stirred at temperature and
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.



The final nol/L concentrations of ethylal um num dichloride and hydrogen
chloride in the stock solution is the sanme for both preparations.
Pol yneri zations were termnated with the addition of 0.2 m of nethanol.

Pol yrer i zaty@Books78773, 3- trifluoropropene resulted in ryehafRRahihsa €s that
did not adhere to the walls of the reactor or to the stirring bar. The

particles floated to the surface of thegyiquid when stirring stopped. The
particles were hard as evidenced by pressing on themwith a chilled spatula
when tested near reaction tenperature. Polynerization in nmethyl chloride
resulted in rubber particles that adhered to both the reactor walls and the
stirring shaft. Polynerization in 1,1-dichloroethane or 1, 1-dichl oroethene
resulted in §e02déht swhableds fists yhreeesyltaof pelymsrizatians thahweredonductddaat r eact or

wal | s and the irrdn ar 0 0 71, P us2 041221 96  Table 15
Cat. Soln. Vi é?%blc:orﬁ?‘?“%d%ﬁnrc}lswlgg%l g%i%f}eﬁ?%’( ﬁPé)O]?ﬁgﬁfe(Wﬂ%a“é{elo- MM M
| P 118 CHBCL clorfoiBéiR Byaned & a9 beihd SuHGlorthid ufibfidh. 7 255 1.9 1.8
120 CH3C1 1.7 597 16.2 224 2.2 1.7 121 C=CHCF3 1.7 309 16.7 266 2.3 2.2

122 H2C=CHCF3 1.7 274 20.6 218 2.1 1.8 123 H2C=CC12 1.7 118 3.2 33 1.4 1.4
154 O o] udybfogubod e i BOGRRT LAc AR L
pol yneri zat i orthyladhatinwer dichlorideiEADG! hydidgén chiosidp| @ICIL 26lutiod 36 the e
conpar at i ve exgnp] es with PAa0p! 88, d37 b b EAHC e HRTRIS rghrot T
methyl chloride by adding 0.320 ml of a 1.0 mol/LL HCl solution in 1,1,1,2-
tetrafluoroethane and 0.960 ml of a 1.0 mol/L ethylaluminum dichloride solution
in hexane to 100 ml of methyl chloride. The total volume of the stock solution
added to the polymerization for each example is listed in Table 15. A separate
stock solution of ethylaluminum dichloride and hydrogen chloride was used for
Examples 125 and 126. This solution was prepared from the addition of 2.0 ml of
a (.16 mol/L. HC! solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0
mol/L ethylaluminum dichloride solution in hexane to 100 ml of methyl chloride.
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-
triflucropropene resulted in rubber particles that did not adhere to the walls of the
reactor or to the stirring bar, The particles floated to the surface of the liquid when
stirring stopped. The particles were hard as evidenced by pressing on them with a
chilled spatula when tested near reaction temperature. Polymerization in methyl
chloride resulted in rubber particles that adhered to both the reactor walls and the
stirring shaft. Polymerization in 1,1-dichloroethane or 1,1-dichloroethene resulted
in solvent swollen polymer particles that adhered to the reactor walls and the

stirring bar,



[ 00247] Polynerizations were run by the dropw se addition of a stock
solution of the coinitiator/initiator
et hyl al um num dichl ori de and hydrogen chloride (HCl) was prepared in nethyl

chl ori de bwo a6ddiéyg7:0. 320 mM of a 1.0 nol/L HC1 sol Utio'}c'rﬂisz

pair.

A stock sol ution of

1,1,1,2-tetrafl uoroethane and 0.960 m of a 1.0 nol/L eth

d| chI oride solution in hexane to 100 m
stock sol ution of ethylal um numdichlori
Exanpl es 134, 135 and-136. This sol ution was
of 0.034 m of a 0.93 nol/L HCl1 sol ut
0.0960 M of a 1.0 nol/L ethylalumnurm—c?rc

for

f

nmet hyl

chl o

r|de

03/041221

um num

A separate
e and hydrogen chloride was used

prepared fromthe addition

rlgglrglllz-

hl ori de sol ution

tetrafl uor oet hane and
in hexane to 10

m of nmethyl ehterde—rhre—Hh t‘",co..c At-F-at-ens—e ethyd-altr-Aum
di chl ori de” anjd‘hitdroden chloride MA"tHe stock sol Ution are the WO, -
2004/ 067577 RCT/ US2003/ 041221 P&Rgane Yield b@dﬁvprewa I ons. 'Afﬁap@r at e
stock sol utign_of met|hyl al um num di.chl oride (MADG) -/ | .
2-chl or o- 2, 4, @Wﬂét Iﬂﬁ}]"f?@ ht ane (fHW’CI ) @ls| (re®) f{ov 107 ) MipdMos| 132 and 133.
The MADC/ TMPGHsuotTtiom was prepared—fromthe —additionof—66ncrot ters
of TWMPO and |0. 0980 M dfHCI. 0 ndi] L hiy! 3-8mi|ndil d ci3r i[de ISl uf i on i n
hexane to 10 m—of—mgthyt—chtorrde—Tt total—votiune—of—the——sitock—so] uti on
added to the |polyReri|zat¢Hstlf or| edeh exélﬁ)l e 1&7 1|i 26%d|i nl-Fabl e 1&. [ 002481
Pol yneri zat i gns—werejterninatedrwt h—tthe—addi-t+ontof—6—2 nt—ofr—mrethanol .
The pol yneri 4atil@R i 1,8Hgl | upr det hand9r| 116.21,(2224¢ | afd-diorjoetlihne| gave
rubber parti gres—tthatrextbrtedrstifrobberyphygca—properties—as
evi denced by prl@bi ng BGFCHCIE) | 11éd 4pafl g h{7rea66601 t%edpdr at2@ €. M nor
anounts of fleuHNgwere—evidet ofr—tie—reaptor—waHs—apd—stirtnrg—bar. In
conpari son, tlhe 1280l yidaG=AHCIon| i A.Tretlhgl4 chl 0.6dq 2&8u|tedlin a M8 scpus
coating of pgtyrer—ef—boththerreactqr—wats—antthe—strrngbar—Very
little of thg pd129mar M=Ccéuspedd7ed" iLh8 t he 3l | yerd3 ngdildn |Pollyker| zati on
in 1 2-di f | ugrebenzene -ehtofroethape—+-esti-ted A—sotvert—swe{ | en
pol ymer phasqs ti24t ad&éﬂe’@ﬁlp t he.0 447 134 47 2.1 1.0

125 CH;CHCL 1.5 112 3.0 108 31 1.7

126 CH;CHCY, 1.5 202 5.5 116 2.6 1.9

[00246] Table 16 lists the results of polymerizations that were conducted at

-35°C. Examples 127 - 136 are comparative examples with Examples 137 - 141

being examples of this invention.

[00247]

solution of the coinitiator/initiator pair.

Polymerizations were run by the dropwise addition of a stock

A stock solution of ethylaluminum

dichloride and hydrogen chloride (HCl) was prepared in methyl chloride by
adding 0.320 ml of a 1.0 mol/LL HCI solution in 1,1,1,2-tetrafluoroethane and
0.960 ml of a 1.0 mol/L ethylaluminum dichloride solution in hexane to 100 ml of

methyl chloride. A separate stock solution of ethylaluminum dichloride and

hydrogen chloride was used for Examples 134, 135 and 136. This solution was
prepared from the addition of 0.034 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.
ethylaluminum dichloride and hydrogen chloride in the stock solution are the

The final mol/L. concentrations of



reactor walls and the stirring bar. Polynerization in 1,1, 1-tichl oroethane
occurred in solution. Polynmer was recovered by renoving weathering off the
solvent. Table 16 Cat. 8oln. Yield Cony. MR nol% Exanple Diluent (m)

(mg) (W . %yghodfodsH /M Hp 127 CHBQl 4.0 1953 53.1 45 8 CH3Cl
4.0 1678 45.6 54 1.3 1.3 129 CH3Cl 4.0 2339 63.6 51 1.5&5@5im§%% CC13

4.0 3068 83.2 48 2.2 0.9 131 CH3CC13 5 P 2993 81.2 59 2.2 1.0 132
1, 2-di fl uorobenzene 4.0 2033 55.1 35 1. & 1.5 WO 2004/ 067577
PCT/ US2003/ 041221 98 133 1, 2-di fl uorobenzene 4.0 1901 51.6 29 1.8 1.4 134

CH2Cl CH2CL 4.0 2563 69.5 29 1.9 1.3 135 7 73.4 24 1.8 1.3
136 CH2CLCH2 PP 8‘%’2 2’§§‘ Pepgraions; 4 §€p atelé%’%ﬂfé’i‘&lf‘é‘ ﬁgdn?gﬂél‘%%mg“ 76 1.5
2.3 138 CH2F@icBlotid® (MIKACY 7. BcBIdrol2,5 4drithethlBRntehi VP Cl) GvatOfed 28r> 78 1.5
1.6 140 OBO2 30,1104 30 0 02 1.4 1.6 141 GHBCHE2 3.0 953 25 9 95 1.5

1.6 Exanpl esExamplesd 3t qudaby3. dhe MADC/IMRA sofdioncwey prepaed cfegis therer i zat i on
of isobutyl ensddlﬁapp&e%% Uhibolifgs eofcqm@p@t dap. og@@qﬁm?fFQF%o TrH@l

i sobutyl ene/ i soprene fe rati o was changed for each exanpl e ree- neck
500 nml gl ass mﬂwlaémnnmm «ilslddrldef splutioncn dhexangrtpl189ml ¢ iethyk chl@uEhThe

oL YT | oo 0o ke SR ot L oRRRTE > 17
listed in Table 16.

[00248] Polymerizations were terminated with the addition of 0.2 ml of
methanol. The polymerization in 1,1-difluoroethane or 1,1,1,2-tetrafluoroethane
gave rubber particles that exhibited stiff-rubbery physical properties as evidenced
by probing withr a chilled spatula at reaction temperature. Minor amounts of
fouling were evident on the reactor walls and stirring bar. In comparison, the
polymerization in methyl chloride resulted in a viscous coating of polymer on
both the reactor walls and the stirring bar. Very little of the polymer was
"suspended" in the diluent medium. Polymerization in 1,2-difluorobenzene or
1,2-dichloroethane resulted in solvent swollen polymer phases that adhered to the
reactor walls and the stirring bar. Polymerization in 1,1,1-trichloroethane occurred

in solution. Polymer was recovered by removing weathering off the solvent.

Table 16
Cat. _ SR
. Soln.: | Yield | Cony. Mw * mol%
Example Diluent (ml) (nig) (wt.%) | x 107 | Mu/M, IP
127 CH;CI 4.0 1953 53.1 45 1.2 1.2
128 CH;Cl 40 | 1678 45.6 54 1.3 1.3
129 CH;Cl 40 | 2339 63.6 51 1.2 1.4
130 CH;CCl; 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




initiator/coinitiator nolar ratio was controlled at 1/3 and the
concentration was set at 0.1 wt% EADC in McCl. The initiator/coinitiator

sol ution was added dropwise to the polynerization mxture and the rate of
addi tion i sy¢®lbakied in such as way so that the reac ure raise
di d not exceed 40C. The anpbunt of initiator/coinitiat otr[,%mﬁwgﬁ%dded I n
each depended on the desired nononer cgipverm on target. WD 2004/ 067577

PCT/ US2003/ 041221 99 Table 17 MAP Ml ar Conversion MM . Exanpl e Feed
Ratio (W. 9% x 103 x 103 M/M Ml %I F 142 98/2 100 209 905 4.3 1.2 143
97/ 3 100 141 636—4—5T+—+F—14495(5106—-12F 483382 145 +—P4—1+4, 423
2.4 3.8 146|9013D 8')l,ﬂaﬁﬂﬁaﬁb@z&1 241_)0)213{0]1 'I'héslé exaﬁﬁ)l gs H8nopstldat g t he
prepar ati on pf—hi-gh—rotecttar—welght—eopotyretrs—wHhr-hi-gh e

i ncorporation. TBk a gI @WHQ@ of| the |s2363ry B&Sticl 88 ifs fildan |y
reduced in the eHoreearBert—Hre—cRE—taees—eat—hese

i sobut yl ene/ i so e| cofiiiyheHsCldo not.0 sha0dny Bgn pf24el) fbBmaridd pr
cr oss- | i nki ng—evenr—tor—theExanple146—phich qecnt aHRs—Aere—t-han

~ 0
i soprene. Th¢ hilgh di encCHAOH;GN ene/4.80pr2688 pol72iger 5 BRde atfor i tp
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thl S | nvent| an ocan bha hal ancnanat ad leinithcafiiiant | y \II S Qnt‘lﬂrt‘l acthbhhl i c d
L IA=4 W ATT Ay TTCAT UH\I"ML A" A™ ] EA%LYA=A 1“\"'\- ATTUATT Oy T T T JTT

hal ogenation| pidtesses f@HRGHsi ng had.ob Jt2/348p()l WaWr s| Exanpl 85147 PG02b1]

The dependen‘:{} Of aea acul ar \Anl nhf A—c-oher CI HR—\WasS det an m ned faY

croor—ot AL~ ~ T T C

i sobut yl ene/ | sopagne copoﬂlﬂfmﬂg,zatl onk5runid2d4 met2m8 chbprijdel.dand! CGEH2FCF3
at -95C. Thi $—dependéncewas—determ ned{or—twodiffefent

139 CH3CHF; 3.0 1085 29.5 78 1.5 1.6
140 CH;CHF, 3.0 1104 30.0 92 14 1.6
141 CH:CHF, 3.0 953 25.9 95 1.5 1.6

Examples 142-146

[00249] Table 17 lists the resulis of copolymerizations of isobutylene
isoprene that were conducted at -95°C CH,FCF;. The isobutylene/isoprene feed
ratio was changed for each example. A three-neck 500 ml glass reactor was used
for these examples. Prior to each polymerization, 300 ml of monomer feed
containing 10 wt% of monomers were charged into the chilled reactor. The
initiator/coinitiator molar ratio was controlled at 1/3 and the concentration was set
at 0.1 wi% EADC in MeCl. The initiator/coinitiator solution was added dropwise

to the polymerization mixture and the rate of addition is controlled in such as way

so that the reactor temperature raise did not exceed 4°C. The amount of
initiator/coinitiator solution added in each depended on the desired monomer

conversion target.



initiator/coinitiat
HCI .

were charged into t
i sobutyl ene/ i sopren

or systens;

he <chilled reactor.
e was used for each

ratio o

one based on TMPCl1 and the other
Bot h catal yst systens used EADC as the Lewis acid coinitiator.
three-neck 500 m glass reactor was used for these exanples.
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Pol ymeri zation.
initiator/coinitiator nolar ratio was controlled at 1/3 and the WO
2004/ 067577 PCT/ US2003/ 041221 100 concentration was set at 0.1 wt % EADC in
MeCl . The initiator/coinitiator sol ut;l._' ﬁ/as added dropwi se to the

pol yneri zation m xture and the rate o tion is controlled in such as
way so that the reactor tenperature raise did not exceed 4C. The anobunt of

initiator/coi ach depended on-the desired
nonomer convef Si 'o'n,t: rget: The data for {I i zat.i 015-”,ar‘_e ghown in
Figure 3 as afplot of phwkartol|edsnddrsisni 4us t he| nronomner
conversion ihzw%% T tled cl,ine n weji.gh i ilncr easi ng
conversion is| TEIRYE foe‘?#ﬁé - e@g é#s e} :I“W;}gﬂa WE’%BP ed
initiator for tiaons 1 n CH2F a e|148.]0

copol yneri zat onﬁgf i|s bd | ene ang‘mcycl ()pgpﬂEﬁ gﬁé §3 1dui1jzed at -93C
in CH2FCF3. A m)hr hatig f 57/3 |sobut1>( e e6é6 ychgpeu a? eng was used
for this polyperizatijon at” 10./8 w % nonofpers i f e€l Cycl'opent adi ene
was freshly cfackgd for s exper' nt.|Th i n 4§bat or]l,ﬁoi ni thgtor solution
was prepared py dissolving 200 mcrolitefs of & | 5ol uti on of
hydrogen chlofi dgsi n|CH2Jz6F3 ilnto %9 ml of ;pre cb{bil g¢d , GH2FCF3e To this
solution was added 500 mcroliljters of a .L.d | /L _sollut i’)"on bf et hyl al um num
di chl oride injheyggnel Thpgosollutiogswas st ilgsr ed g % mpgutes. 5,

Pol ynmeri zati on_was beégun by the dropw seladdition of [the

initiator/coinitiat

addi tion of tmbt n]g
e

pol ymeri zati o

or
Iutl
erature from

weight copolymers with high isoprene incorporation. The agglomeration of the

slurry particles is significantly reduced in the hydrofluorocarbon. The GPC traces

of these isobutylene/isoprene copolymers do not show any sign of gel formation

or cross-linking, even for the Example 146 which contains more than 5 mol%

isoprene.

The high diene isobutylene/isoprene polymers made according to this

invention can be halogenated subsequently via standard, established halogenation

processes for making halobutyl polymers.

Example

[00251]

147

The dependence of molecular weight on conversion was

determined for isobutylene/isoprene copolymerizations run in methyl chloride and

CH,FCF; at -95°C.

This dependence was determined for two different

initiator/coinitiator systems; one based on TMPCI and the other based on HCL

Both cataltyst systems used EADC as the Lewis acid coinitiator. A three-neck 500

ml glass reactor was used for these examples. Prior to each polymerization, 300

ml of monomer feed containing 10 wt% of the monomers were charged into the

chilled reactor.

A molar ratio of 95/5 isobutylene/isoprene was used for each

polymerization. The initiator/coinitiator molar ratio was controlled at 1/3 and the

solution into the nonomer solution with stirring. The

anifRt geﬁfgﬂ&dmahwap{es&ﬁﬁmﬁﬁ@f Ydiusger the



above -92C. Atotal of 35 m of the initiator/coinitiator solution was used.
A 500 m glass resin kettle was used for this exanple. WO 2004/ 067577

PCT/ US2003/ 041221 101 Table 18 Conversion M Exanple Diluent (W% x 10"3
M /M Mol % 148 CH2FCF3 50 527 1.9 5.3 15 Sol yhi

Et hyl al um nqg%égwgﬁﬁlggri de in Hydrofl uorocarbons and Bl enggh‘}d[s%)dg%@éfnme
solubility tests reported in Tables 19 -10025 were performed using neat

et hyl al um num di chl ori de (EADC). Each test was performed in the follow ng
way. 5 m of the condensed hydrof | uorocarbon vvere charged into a dried test

tub led t P
muc(raoflc)? e‘rgs 01(‘% mrlf%g aﬁcﬁ \M_L,E‘s péé%bhy%/f’um numabé I or l%&ﬁ?ﬂg&%ﬁlgo Olut%g
Solubility vvasvaskmldkdadrdymw wothe ymlymeriyatiat mivgudehandr ths urhtel efjadditicnuise. The

m xture was then allowed to warmto the boiling point of the diluent while
agi tati ng t he contoeltedrit suchfas twag so éistt theubastor Adrhprratiiearaide Hident exceedAall its

boiling point,.the m spoole to - t tube
into the cold ]B’ﬁt"wo“‘?é‘ﬂu?’felﬁtff coIpitiator 59 Ptﬂfﬁ’sa‘\aé %ﬁfiﬂmﬁf&ﬁ@%sﬂ?al eted
heat i ng/ cool i Rforoxfel Qonversi tRbet! Nk ddtd Fsit thBRopdIgRerz4vRS Gre sHBGNGAL al yst
did not dissolve, 0.5 m of nethyl chloride was added. The heat/cool cycle
was repeat ed. Figpse é@ﬁérpéota)émlq Blscogar Welshtrﬂ\dpbfferswbﬁwonembﬁqna@smr e nade
foll ow ng eac t/ Oclrgg ol ve or a
50/ 50 VIV bl e%%\/\gs rgl%h %i &fﬁﬂé? ovm ng serﬂ\llg{a?e%%lﬁsig\%gr‘%m?%ns

recorded. 1, Xbbsegyal TefThesel dahaoatshastmv( HEG- Iﬁna)s \AD reéferted) GinBiatr for

0,
PCT/ US2003/ 0412}%0 ym%gzzau-cl;ns 1neCI-1'%‘CllD?r eparation Vol une % Met hyl Cbservati on

Example 148

[00252] A copolymerization of isobutylene and cyclopentadiene was
conducted at -93°C in CH;FCF;. 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 CHyFCF; 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 stitred 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.



Chloride EADC + 5nl HFC-134a 0 Insoluble “chips' + 0.5m nethyl chloride 9
Fine-scale flocculation + 0.5m nethyl chloride 17 Fine-scale floccul ation
+ 0.5m nethyl chloride 23 O oudy suspension; slight floc at b.p. + 0.5l
met hyl chl oudy; very small particles + 0.5n ride 33
Less c|oud3?¢§@“@9§?L|e particles + 0.5nm nethyl chlorﬁg%hgghgﬁnk | ess
cloudy + 0.5n methyl chloride 41 Nearly,clear + 0.5ml methyl chloride 44
Nearly clear + 0.5m nethyl chloride 47 Clear + 0.5m nethyl chloride 50
Clear [00254] In the tests in Table 19, the floccul ation occurred after
cessation of stirring, froma very cigydygsuspension. The original "chips
were no | onger visible. D'fluoronethane—éﬁlF'C—32) WO 2004/ 067577

PCTI US2003/ 041221 103 Tabl e 20 Preparati on Vol unme % Met hyl Cbservati on
Chl ori de EARG—+-5m—HFC32-0tnsoluble—chips——+0-—5rl—nethyl—chloride 9

T

Slight cloudy + 0.9m nethyFoRFEM HeMr7 [Some f1ofculation| + 054 methyl
chl oride 23 ]IikanmleFI Dilnaftof m(WE- 2B X 1Tah! eM?IM..Pr ephl%tdm V%lmre % Met hyl
Cbservation Hehleri-de— - —

148 CH,FCF; 50 527 19 53 15

Solubility of Ethylaluminum Dichloride in Hydrofluorocarbons and Blends

[00253] The solubility tests reported in Tables 19 - 25 were performed
using neat ethylaluminum dichloride (EADC). Each test was performed in the
following way. 5 ml of the condensed hydrofluorocarbon were charged into a
dried test tube cooled to -90°C in the dry box cold bath. To this liquid at -90°C,
4.1 microliters of neat, liquid ethylaluminum dichloride (EADC) was added.
‘Solubility was checked by vigorously agitating the resulting mixture. The mixture
was then allowed to warm to the boiling point of the diluent while agitating the
contents of the test tube. After the diluent reached its boiling point, the mixture
was cooled to -90°C by immersing the test tube into the cold bath. Reported
observations were made after the completed heating/cooling cycle. If after this
first heat/cool cycle, the catalyst did not dissolve, 0.5 ml of methyl chloride was
added. The heat/cool cycle was repeated. Subsequent additions of 0.5 ml of
methyl chloride were made following each heat/cool cycle until the EADC was
observed to dissolve or a 50/50 V/V blend was achieved. The following

observations were made and recorded.

1,1,1,2-Tetrafluoroethane (HFC-134a)




EADC + 5m HFC-23 0 Insoluble “chips' + 0.5m nethyl chloride 9 Insoluble +
0.5m nethyl chloride 17 Insoluble + 0.5nl nethyl chloride 23 Insoluble +
0.5mL nethyl chloride 29 Insoluble + 0.5m nethyl chloride 33 Insoluble +
0.5m neth | 38 Insoluble + 0.5m nethyl chl o luble +
0.5m net hﬁog‘ﬁ'}‘@%gi 44 Insoluble +0.5n nethyl chl s L A
0.5mL nethyl chloride 50 Insoluble 1,1, 1-Trifluoroethane (HFC 143a) WO
2004/ 067577 PCT/ US2003/ 041221 104 Tabl &222 Preparati on Vol une % Cbservation
Met hyl Chl ori de EADC + 5ml HFC-143a O Insoluble “chips' + 0.5nl nethyl
chloride 9 O oudy suspension + 0.5m T3k %I chloride 17 C oudy suspension

+ 0.5mL nethyl chloride 23 O ear sol utHeH—1, 1-di fl uroet hane (HFC- 152a)

Tabl e 23 Preparation Volunme % Cbservati on Methyl Chloride EADC + 5nml

HFC- 152a 0 Sol ubl e [ 00255] The solubility tests perfornmed in Table 24 were

G chi'or i de. ( ERDC). TPREMIORa " ac  F BONEE 4BeBRT |\ c 11 ordWEREUBAGE and | he
hydrocarbon listed i'n the .- e : TR

EADC + 5ml HFC-134a 0 Insoluble ‘chips’

+ 0.5ml methyl chloride 9 Fine-scale flocculation

+ ¢.5ml methyl chloride 17 Fine-scale flocculation

+ 0.5ml methyl chloride 23 Cloudy suspension, slight floc at b.p.

+ 0.5ml methyl chloride 29 Cloudy; very small particles

+ 0.5ml methyl chloride 33 Less cloudy; no visible particles

+ 0.5m! methyl chloride | 38 Still less cloudy

+ 0.5ml methyl chloride 41 Nearly clear

+ 0.5ml methyl chloride 44 Nearly clear

+ 0.5ml methyl chloride 47 Clear

+ (.5ml methyl chloride 50 Clear

[00254) In the tests in Table 19, the flocculation occurred after cessation of

stirring, from a very cloudy suspension. The original ‘chips’ were no longer

visible.

Difluoromethane (HFC-32)




tabl e. Pentane refers to normal pentane. ULB hexanes refers to an ultra | ow
benzene grade of hexanes, an isoneric m xture, which contains |less than 5
ppm benzene. The final 1,1,1,2-tetrafl uoroethane (HFC- 134a) sol ution was
prepared Ryoagdieds1 he room tenperature EADC stock solqghﬂﬁmm%@%ﬂgp | i sted
inthe table, to the liquid HFC-134a in a test tube held at - In all
cases, an initial solution 1is obtained(ﬁgech is clear and col orl ess. The
resulting solution was then cooled by ! rsing the test tube into the dry
box cold bath thernpstated at -95C. The cloud point was determ ned by
nonitoring the tenperature of the liq '91 hth a thernmonmeter and visually
determ ning the onset of cloudiness. Iutlons agai n becane cl ear by
allowing the solutions to warmto a tenperature above the cloud point. The

behavi or of t-he_sgl_uu_cp—arm-rd flhn r‘lmd)ﬁ\o
m nutes by repeat cGHRIFEBBI i ng am}% he' so

found to be r_g_p_r_g_d_u_g_L_b_L_e_ WD 2004/ ¢ PCTI US2003/ nm 221 10‘-'\ T
Hydrocar bon YolBADC ¢ intHRCB2er|s)' ' Va ume of | Fi nal EARGhBlestidps’ of 1.0
St ock EADC HEC=124a-Concentratlion—-Point Soel-uti-on / faa \ /\M OA /(‘\ Pent
100 10 0.1 - §7+0Pmhmethel chlbdide 5 & ULB hexanes 17S41g1115:1di)d31 85

Sol ubility oft—AHwexyatuAum-H Hes—A—fg—4-1-2-tet+raftdveroeethanre—(MC-
134a) [002561 FRSmémethjlichiotige tie ported | n Tabl eSabe flecdat@onduct ed |by
prepari ng eag¢h—atkoexyattmnumied Hor-+de iﬁtLr%u—ﬁ&ﬁyﬁﬁﬁﬁﬂ—ﬂmﬁﬁﬁﬁhﬁfr—
follows., A Stbpénﬂmnthﬂfchtohée dorrespdhdi ng al cohol was pfkgared by addiing
0. 0001 nol es ‘"of—thre—atcohot—t Ottt of—HFC134a—at—30€C—Fo-t hi s
solution was added 100 microliters of a 1.0 nol/L stock pentane sol ution of
EADC. After t Hwrdfagh (HFC-23)

p =4

Table 21
Preparation Volume % Methy! : Observation
. ) Chloride ‘ A
EADC + 5mi HFC-2?{ 0 Insoluble “chips’
+0.5ml methy] chloride 9 Insoluble
+ 0.5ml methyl chloride 17 Insoluble
+ 0.5m| methyl chloride 23 Insoluble
+ 0.5ml methyl chloride - 29 Insoluble
+ 0.5ml methyl chloride 33 Insoluble
+ 0.5ml methyl chloride 38 Insoluble
+ 0.5ml methyl chloride 41 Insoluble
+ 0.5ml methy] chloride A4 Insoluble
+ 0.5ml methyl chloride 47 Insoluble
+ 0.5ml methyl chloride 50 Insoluble

1,1,1-Trifluoroethane (HFC-143a)




addition, the HFC- 134a solution was shaken periodically over the next five
m nutes. The solution was allowed to warmto -10C in a closed vessel and
then cooled in the dry box cold bath thernostated at -95C. The cl oud point
was det er iy eshalyrsioni toring the tenperature of the |i gigriisdhoblardzr
thernoneter and visually determ ning the onset of cloudiness. The sol utions
agai n becane clear by allow ng the solyjions to warmto a tenperature above
the cloud point. The behavior of the solution around the cloud point was
observed for several mnutes by repeatedly cooling and warm ng the

sol ution. This phenonenon was found teg.LR8,r eproduci bl e. WO 2004/ 067577

PCTI US2003/ 041221 106 Table 25 CH3OArCrz—CH3CH2CQAI Cl 2 (C113) 3CQAICl 2
CF3CH2QAIC12 FW (g/nol) 128.92 142.95 171.00 196.92 W .% solution 0.09

0.10 0.12 0. JA—@TE@G—QT.Ud porp—LO_85 86— 85 w;'ml - "}—87——[—902—7]
Al'l patents and pat M2 apﬁ'l I catiijo l‘l%ﬁfoﬁﬁ cedures (9 4" ASTM

met hods), and—ether—docurents—ci w ..c. et+-A—afe—fuH-y—ireerporat-ed—by—
reference to tﬁéDémiaﬂﬂF&lblﬁa di scl osufe is rjot inconssdibdnchips’t h th| s

i nventi on ang—for—at+ :UI;odlbL.Ullo H—rhi-eh—steh—-nReorp pof atet—+=S
permtted. [(025@]50ﬂ\h@thylmhlmd¢ cal lowe? I|ini ts and n@iﬁyd}'wenﬂpper limifts
are listed Hererm—ranges frompany tower it to—an Hnt—are

cont enpl at ed. [0(925513}“3%1 qhloride, e | lust¥ative errbodl nﬁiﬂ“dywpepﬁ@ i nventilon
have been dgstribed—wrth E)élr“ cotart ty, Tt Wt beunderstood—titat—var|i ous

ot her nodi fi ¢at F@rg! mifylchiggidappar ent Po and can be r d@rFYuitde by thgse
skilled int e art vm'tnout departing fromthe Spirit and Scope of the

i nvention. Accordingly, is not intended that the scope of the clains
appended her e&@ﬂ%@ﬂiﬁ%@ﬁ exanmpl es and descriptions set forth
herein but rather that the clainms be ggpabhued as

“Preparation Volume% | .- - Observation
o Methyl Chloride L. B :
EADC + 5ml HFC-152a 0 Soluble
[00255] The solubility tests performed in Table 24 were performed using

1.0 mol/LL 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
benzene. The final 1,1,1,2-tetrafluoroethane (HFC-134a) solution was prepared
by adding the room temperature EADC stock solution, volume listed in the table,
to the liquid HFC-134a in a test tube held at -35°C. In all cases, an initial solution
is obtained which is clear and colorless. The resulting solution was then cooled
by immersing the test tube into the dry box cold bath thermostated at -95°C. The
cloud point was determined by monitoring the temperature of the liquid with a
thermometer and visually determining the onset of cloudiness. The solutions
again became clear by allowing the solutions to warm to a temperature above the
cloud point. The behavior of the solution around the cloud point was observed for
several minutes by repeatedly cooling and warming the solution. This

phenomenon was found to be reproducible.
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2. The polynerization process of claim1l1l, wherein the contacting occurs in a
reactor system 3. The polynerization process of claim 2,
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9. The polynerization process of claim8, wherein the polynerization nedium

produces pO'YQﬁﬁugﬁﬂ;gf=

134a)

[00256]

S aTd I he
oxyaluminum

}cihiorrle‘gs Tilijl ?,li, r,fﬁa%}a?fuoggewgnies(ﬁi“c-

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

determined by monitoring the temperature of the liquid with a thermometer and

visually determining the onset of cloudiness. The solutions again became clear by

allowing the solutions to warm to a temperature above the cloud point.

The

behavior of the solution around the cloud point was observed for several minutes

by repeatedly cooling and warming the solution. This phenomenon was found to

be reproducible.



a stirrer that skinms the polymer particles and directs the polyner particles
to a reactor outlet. 10. The pol ynerization process of claim3, wherein the
stirred tank reactor conprises a funnel. 11. The pol ynerization process of
claim 10, whetRlpershe funnel is positioned near or bel urhRssshibace of the
l'i quid phase of the polynerization medium 12. The pol ymerization process
of claim10 or 11, wherein the stirred 11;:! nk reactor conprises one or nore
axial flow inpeller(s), one or nore radi aI flow inpeller(s), or

conbi nati ons thereof. 13. The pol ynerization process of claim3, wherein the
stirred tank reactor is absent a nmechgfjesal stirrer. 14. The polynerization
process of any of the preceding clai rrs—wherel n the evaporated

pol ymeri zation mediumis collected, conpressed, condensed, and returned to

t he pOlyrrerl‘a*:’“f‘ rmdlu +—15— TFhe I\r}r\I yrmru-;lijuwr.\n nrocess—of any of—the
precedi ng cl di.ns, wherei 1(IH§9A1¢19I-%CHMU& . (OHGREOAIC t 1€F3(ﬂmnmClses t he
steps of (a) cool s tHe pet-yerzat-on—reditum—{b)—supphying—the—co9l ed
pol ynmeri zati gn Fédginel) t o al28dact pr; (42)95rengvi ng Ifodyer pt tHeLeact or
outlet. 16. 'I-I‘r@t@u YL ratron—proeess—of—any—of —theprecegi-ng—etas;
wherein in ap 5‘2 he(l@oolefanbOls butyleﬁé? and the ridiolefinis
a conj ugat ed [—H c..c, pr-et-erabl-y—+gpoprene: +F—The—poelyrerizatt+on
process of ar>Clmfdpbine(°ﬁp ¢cedi8hg cl ai m;-85vvherei n 184 wiplidon (i) t4#8& isoqlefin
i s isobutyl ene;—and—the—para—atky-styrere—+s—para—nethytstyrenre—i8—The

pol yneri zati on process of any of the preceding clains, V\/ner ein one or nore
hydr of | u?rocar[m.'oa]s) lsgmqm@@amnﬂ@dtebyapbn&ufoﬁs ﬂ?ﬂtprocédurd:MElZchVHanHM X is an
integer froml to 40 an nd z ar tegers one or
g methods), and oth%r ocuments c?teci ﬂer are fu?ly mcorporategg reference to
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
invention, including all features which would be treated as equivalents thereof by
those skilled in the art to which the invention pertains.



19. The pol ynerization process of claim 18, wherein x is from1 to 10,

preferably x is from1l to 6, nore preferably x is from1l to 3. 20. The

pol ymeri zati on process of any of clainms 1-17, wherein the one or nore

hydr of | uor ocarbon(s) is independently Sﬁ‘J ected fromthe group consisting of

fl uor onet hane; difluoronethane; trifluoronethane; fluoroethane;

1, 1-di fl uoroet hane; 1, 2-difluoroethane; 1,1,1-trifl uoroethane;

1,1,2-trifluoroethane; 1,1,1,2-tetrafluoroethane; 1,1, 2,2-tetrafl uoroethane;
, 1,2, 2-pent af | uor oet hane; 1-fl uor %e; 2-fluoropropane; 1, 1-

| uor opr opane; 1, 2-difluoropropane;= I, 3-d fl uoropropane; 2, 2-

| uor opropane; 1,1, 1-trifluoropropane; 1,1,2-trifluoropropane; 1,1, 3-

trifl uoropro&ane; 1,2 . 2-trifluoropropane;. 1,2, 3-tr.ifluoropropane; 1,1, 1, 2-

tetraf | uor opfopané PPIyerization (nragess, GOBPrSHEntontactipg Ha 2’-3{3&(51 VPGB dor opane;’

1,1,2,3-tetrafl uo P 'R, 9

tetrafl uoropr opanggﬁﬁ@p’?@?’??ég %31 ggﬁ?lté’ﬁ %%%%WQWF %’, %l-detl) a4

pent af | uor opr opanéy C1 isombnaeisfipend afphueslogstyrran or (if), alC2102CSisoolefin and

pent af | uor opropane; 1,1, 2.3, 3-peptafl uoropropane; 1,1,1,2,2,.3- .
hexaf | uor opr opane? 1@“‘%‘9@?‘?2, g{)S e x4 f PﬁﬁFﬁB‘F@b@ne@ncﬁ‘f’E’l,‘@?ﬁﬁ?%- the
hexatf | uor opr opane pofymetizatior’médidmds ePiRrALd SO BaRfierizationl 2, 3, 3, 3-

hept af | uor opr opane; “1-fl uor obut ane; 2-fl uorobutane; 1, 1-difl uorobutane;
1, 2-di fl uorobut ane; 1, 3-di fluorobutane; 1, 4-difluorobutane; 2,2-

di fl but ;o 2.3-di fl t 1 -trifl but 1.1, 2-
Cr1 1§ vor obut Ane; - Ths PabtPrRRs BRGess st chimt. 3etein MBI EAR octye s,
trifluorobutane; bodindpobl fehétof hgtempne; 1,3, 3-trifluorobutane; 2,2,3 110

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

21 o0 ane kb bl SR GRUBANS, b B atLaapt ane

t et raf | uor obut anegystem cémfriteta it AewaRtiadigeactordr 3, stirree tankfreatdsrobut ane;

1,1
di f
di f

4. The polymerization process of claim 3, wherein the plug flow extruder

reactor comprises a plurality of injection zones for the monomers.

5. The polymerization process of claim 3 or 4, wherein the plug flow
extruder reactor and the stirred tank reactor comprise a plurality of

injection zones for the catalyst system.

6. The polymerization process of claim 5, wherein the catalyst system
comprises one or more Lewis acid(s) and one or more initiator(s), each

being fed separately or together through the plurality of injection zones.

7. The polymerization process of any of claims 3-6, wherein the plug flow

extruder reactor comprises a twin screw extruder.

8. The polymerization process of claim 3, wherein the stirred tank reactor

comprises a discharge screw.



1,2,3,4-tetrafl uorobutane; 2,2,3,3-tetrafluorobutane; 1,1,1, 2, 2-
pent af | uorobutane; 1, 1, 1,2,3 -pentafluorobutane; 1,1,1, 2, 4-
pent af | uor obut ane; 1,1, 1, 3, 3- pent afl uorobutane; 1,1,1, 3, 4-
pentafl uorobutane; 1, 1, 1,4, 4-pentafluggobutane; 1,1,2,2,3-
pent af | uor obut ane; 1, , 2, 4-pent af | uor'obut ane; 1,1, 2, 3, 3-

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

pent af | uor obut ane; 1,

, 3- pent af | uor obut ane; 1, 2,
pent af| uor obyl ane:rpd, pdiymbriZaiion® prod€abl UBKIRP 'S, Mfersihy el pBlyindiizari
hexaf | uor obut ane; E.)L , 3,3 -plﬁexafl uor&but ane, ere, 5%3%‘ zation
hexaf | uor obut ane; Iribdm_n;l pnqulpels polymesmpdrticdeomst ﬁunest;lrr&d 1a,nk reacmorzlcompnses
hexaf | uor obut ane; 3, 4, 4- hexaf | uor,oput a

hexaf | uor obut ane: t if '?aESlgmﬁ ‘the, &W{JB?IBB f&ﬂ ﬁirigtﬁ%l? @ﬁgngfr particles
hexaf | uor obut ane; to’l.aileagtogoﬂﬂ&_ hexaf | uor obutane; 1,1, 2,3, 3, 4-

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

hexaf | uor obutane; 1, 1, 1,2,2,3,3 -heptafluorobutane; 1,1,1, 2,2, 4, 4-
hept af | uor obyt ane; 1.2.2 : 1 3 3 4-
nept af | uor obdPane Tt pplyméizAtign pracelCRE Ryl GPiERERThe Jeed wncijeit
hept af | uor obut anegompdses.afugnd, 4- hept af | uor obutane; 1,1,1, 2,2, 3, 3, 4-
oct af | uor obut ane; E ,2,2,3,4,4-octafluorobutane; 1,1,1, 2,3, 3,4, 4-
oct af | uor obut ane; 1 1, 1,2,2,4,4,4-octafluorobutane; 1,1,1,2,3,4,4,4-

oct af | uor obut ne; f e 4,4, 4-
nonaf | uor obut gne T%‘epﬁggier&agoépﬁdc %r‘iﬁ’g%%‘ idi%}ie?é{éqg %n%lgl ]f]pogmt%ﬁgq pr opane;
1, 3-di f| uor o- 2- mehingtl @f(bame,thel,s&rfﬂcet bf ftheldiquid phast by lthy @RBMEErization

1,1, 3-trifluoro-2-nethyl propane; 1,3-difluoro-2- (fluoronethyl)propane; 1,

1, 1, 3-tetrafl uor 8ediugpt hyl propane; 1,1, 3,3- tetrafluoro-2-nethyl propane;

1, 3-tri fluoro-2-(fluoronethyl)propane; 1, 1,

3, 3-pent af | uor o- 2- net hyl propane; 1,1, 3,3-tetrafluoro-2 111

| uor onet hyli2pr offhagiolyimerizatidn Précesy af claton o-2ef 1 1,uehasit thy| stipred ratie;

reactor comprises one or more axial flow impeller(s), one or more radial

1
1,
(f
flow impeller(s), or combinations thereof.

13.  The polymerization process of claim 3, wherein the stirred tank reactor is

absent a mechanical stirrer.

14.  The polymerization process of any of the preceding claims, wherein the
evaporated polymerization medium is collected, compressed, condensed,

and returned to the polymerization medium.

15.  The polymerization process of any of the preceding claims, wherein the
polymerization process further comprises the steps of (a) cooling the
polymerization medium; (b) supplying the cooled polymerization medium

to a reactor; (c¢) removing polymer at the reactor outlet.

16.  The polymerization process of any of the preceding claims, wherein in
option (ii) the isoolefin is isobutylene, and the multiolefin is a conjugated

diene, preferably isoprene.



fl uorocycl obutane; 1, 1-difluorocycl obutane; 1, 2-difluorocycl obutane; 1, 3-
di fl uorocycl obutane; 1,1,2-trifluorocycl obutane; 1,1, 3-

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

tetrafl uorocycl obut ane; 1,1,3,3-tetrafhg?rocyclobutane; 1,1,2,2, 3-

pent af | uor ocycl obut ane; 1,1, 2, 3, 3-pent atluorocycl obutane; 1,1, 2, 2,3, 3-
hexaf | uor ocycl obutane; 1,1, 2, 2, 3, 4- hexaf |l uorocycl obutane; 1,1, 2, 3, 3, 4-
hexaf | uor ocycl obut ane; 1,1, 2, 2, 3, 3, 4- hept af | uor ocycl obut ane and m xt ures
thereof. 21.j7he ppl YBRM IO pRIBEESSa® of B Hlec if Khairhs Lherdfaeiei n the
one or nore hydrofluorocarbon(s) is indépendently sefected from

monof | uor onet hanegptihinf ({pthreoisetlefinds itobiitfyleney andethiegpasa-allaybstotheuisr met-hane,

1, 1-difl uoroethane, .1 épl-trifluoroethane, 1,1,1,2- tetrafl uoroethane,
1.1,1,2,2, pentaf BEPE e, and mixtures thereof 22. The pol ynerizati on
process of any of the preceding clains, wherein the diluent conprises
between 5 and 100 vol une % HFC based upon the total volunme of the diluent,
preferably fi®&m 15he polyoerigaiommrostssplanynfdbe pigpesting tleims whiereiodnes of t he

di l uent, nore preferabl romz20 to .100 vo % HEC ba pop_ the total
Vol uine. of the i 1 TR A aRRRSenRas Peprek eyt FosteE LR e o6 Hec
based upon the toka anvidtdgePfroh 1 (oD Hildly@dtz ard ihtegbRCoMAle)iidreat i on process
of any of the preceding clainms, wherein the diluent further conprises a

hydr ocarbon, a non-reactive olefin, and/or an inert gas. 24. The

ol Yrer 211 49 P 260381 R est LA, 107 yBUSACSEIDRR 1

hal ogenat ed n an preferably "a " nethyl chﬂ%?ri de. 112

25. The pol yneri zpiefe@iiblpxds 69 Dio Gnyorobrdférablpreie édnnyteBai s, wherein the
catal yst system conprises one or nore Lewis acid(s) represented by the
formul a MX4i

20.  The polymerization process of any of claims 1-17, wherein the one or
more hydrofluorocarbon(s) is independently selected from the group
consisting of fluoromethane; diﬂuoromethanelg trifluoromethane;
fluoroethane; 1,1-difluoroethane; 1,2-difluoroethane; 1,1,1-triflucroethane;
1,1,2-trifluoroethane; 1,1,1,2-tetrafluoroethane; 1,1,2,2-tetrafluoroethane;
1,1,1,2,2-pentafluoroethane; 1-fluoropropane; 2-fluoropropane; 1,1-
difluoropropane; 1,2-difluoropropane; 1,3-diftuoropropane;  2,2-
difluoropropane; 1,1,1-trifluoropropane; 1,1,2-trifluoropropane; 1,1,3-
trifluoropropane; 1,2,2-triflucropropane; 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-
trifluvorobutane;  1,1,3-trifluorobutane;  1,1,4-trifluorobutane; 1,2,2-
trifluorobutane;  1,2,3-trifluorobutane;  1,3,3-trifluorobutane;  2,2,3-



wherein Mis a Goup 4, 5 or 14 netal; and each X is a halogen; or the
catal yst system conprises one or nore Lewis acid(s) represented by the
formula MRNX4_" ; wherein Mis Goup 4, 5 or 14 nmetal; each Ris a

nmonoval ent Cl to C12 hydrocarbon radi ca, qndependently selected fromthe
group consisting of an al kyl, aryl, arylalkyl, alkylaryl and cycl oal kyl
radicals; n is an integer fromO to 4, and each X is a hal ogen; or the
catal yst system conprises one or nore Lewis acid(s) represented by the
formul a M RO f R mign(6Bhtandher €11 Mehaﬂﬁ%reul&aﬁle 5,101 3%tr§ﬁﬁ(‘f%but ch ROi's
a nonoval ent Cl to C30 hydrocarboxy radi cal mdependeni y ected fromthe
group consi sting dfl,44-tatridboorobuiang; oxy, ;11;1;2 h-ltduaﬂyprobatahyl aryl o]xy,2;3adi cal s;

each R is a m)nov to dro n_ radic i.nde nde

sel ected fromthe gﬁf"’?ﬁ}? ‘gﬁﬁ%q Cst |l'n éft '5 %Han Car y1» 3§r'§ﬂl é‘ilexyl aryl
and cycloal kyl radj P§|45tetr£!ﬂlho?rol§iﬂarient eger1f1r@mé%ra&1qofbbumles an 'mgger fromo
to 4, wherein the Sumof n and mi$ not nofé than 4: and each X715 a

hal ogen; or the cdetsdfiuorolmyaneem hbaﬁrtﬁséblomimtme nolré313ewr8ﬂumohl(tsr)e

or 14 ot al 113 e REet R o, B R SR o oc dr bhdl 1 ai cal

i ndependent |y sel ggh@dubiobiiahbe Or oup,IGRPSLkhtaMoRbutieal kacylioxy 4-

pentafluorobutane; 1,1,1,3,3-pentafluorobutane; 1,1,1,3,4-
pentafluorobutane; 1,1,1,4,4-pentafluorobutane; 1,1,2,2,3-
pentafluorobutane; 1,1,2,2,4-pentafluorobutane; 1,1,2,3,3-
pentafluorobutane; 1,1,2,4,4-pentafluorobutane; 1,1,3,3,4-
pentafluorobutane; 1,2,2,3,3-pentafluorobutane; 1,2,2,3,4-
pentafluorobutane; 1,1,1,2,2,3-hexafluorobutane; 1,1,1,2,2,4-
hexafluorobutane; 1,1,1,2,3,3-hexafluorobutane, 1,1,1,2,3,4-
hexafluorobutane; 1,1,1,2,4,4-hexafluorobutane; 1,1,1,3,3.4-
hexafluorobutane; 1,1,1,3,4,4-hexafluorobutane; 1,1,1,4,4,4-
hexafluorobutane; 1,1,2,2,3,3-hexafluorobutane; 1,1,2,2,3,4-
hexafluorobutane; 1,1,2,2,4.4-hexafluorobutane; 1,1,2,3,3,4-
hexafluorobutane; 1,1,2,3,4,4-hexafluorobutane; 1,2,2,3,3,4-

hexafluorobutane; 1,1,1,2,2,3,3-heptaflucrobutane; 1,1,1,2,2,4,4-
heptafluorcbutane; 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-nonafluorcbutane; 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-



aryl acyl oxy, aryl al kyl acyl oxy, al kyl arylacyl oxy radicals; each R is a
nonoval ent C, to Cl2 hydrocarbon radical independently selected fromthe
group consisting of an alkyl, aryl, arylalkyl, alkylaryl and cycloal kyl
radicals; nis an integer fromO to 4; {gjis an integer fromO to 4, wherein
the sumof n and mis not nore than 4; and each X is a hal ogen; or the
catal yst system conprises one or nore Lewis acid(s) represented by the
formula MOX3; wherein Mis a Goup 5 netal; and each X is a hal ogen; or the

catal yst system C@fiiérofiRthyDpeopahe;TOr € L@W,ﬁteﬁﬁﬂﬂ&r%)%%fﬁ%@ﬁ@tﬂ&lﬁﬁobﬁhe; t he
formula MX3; wherein Mis a GrouP 13 nmetal; and each X is_a hal ogen; or the
catal yst syst em cdlveracyelebutane;ol, M@f@éﬂﬁl0@“@@%&%%&%@@@@@@@%&3' t he
formula MX3_n | jherel 1.S.8 Goup (13,1 , (ﬁﬁn ls a nmo lent C
to Cl2 hydrocarbon rac%?éé&}dﬂuh%g’pendentIlyﬁzrsﬁg{hgécr %)g: r(%ér%let he gr oﬂgy’gonsi sting

of an al kyl, aryl trifiigtbeydiybutanat kyl ar yli,2, amidlueselyclabltdhe;r adi calist,2,2-i s an
integer from1l to 3; and each X is a halogen; or the catalyst silgt:;em

g
conpri ses one or rgraluoEsysloRutags) r bhesEheilepragyclebviarer muild
M RO) nR mX3{ mtn) ; | | G ou . . i )
monoval ent Cl to %@Eﬂggrag%éa{é%g%’rgdg%’éﬁ ﬁ%@ggﬁ%ﬁ{o@%& RP,1,2§2,9,3
hexafluorocyclobutane; 1,1,2,2,3,4-hexafluorocyclobutane; 1,1,2,3,3,4-
hexafluorocyclobutane; 1,1,2,2,3,3,4-heptafluorocyclobutane and mixtures
thereof.

21.  The polymerization process of any of claims 1-17, wherein the one or
more  hydrofluorocarbon(s) is independently  selected from
monofluoromethane, difluoromethane, trifluoromethane,
monofluoroethane, 1,1-diflucroethane, 1,1,1-trifluoroethane, 1,1,1,2-

tetrafluoroethane, 1,1,1,2,2, pentafluoroethane, and mixtures thereof.

22.  The polymerization process of any of the preceding claims, wherein the
diluent comprises between 5 and 100 volume % HFC based upon the total
volume of the diluent, preferably from 15 to 100 volume % HFC based
upon the total volume of the diluent, more preferably from 20 to 100
volume % HFC based upon the total volume of the diluent, and even more
preferably from 25 to 100 volume % HFC based upon the total volume of
the diluent.

23.  The polymerization process of any of the preceding claims, wherein the
diluent further comprises a hydrocarbon, a non-reactive olefin, and/or an

inert gas.

24.  The polymerization process of claim 23, wherein the hydrocarbon is a
halogenated hydrocarbon other than an HFC, preferably a methyl chloride.



selected fromthe group consisting of an al koxy, aryl oxy, aryl al koxy,

al kyl aryl oxy radicals; each R is a nonovalent Cl to Cl2 hydrocarbon radical
i ndependently selected fromthe group consisting of an al kyl, aryl,

arylal kyl, alkylaryl and cycloalkyl radhcals; nis an integer fromO to 3;
mis an integer fromO to 3, wherein the sumof n and mis from1 to 3; and
each X is a halogen; or the catal yst system conprises one or nore Lew s
acid(s) represented by the formula M RC=00 nR nX3-(mtn); wherein Mis a

Goup 13 metak; egpd E)B&ﬁ@zhﬁo@pf&eﬁVﬁi Rt oM rReRARBCH A sANHeRlin the

i ndependently selected fromthe group independently selected fromthe C2 to
C30 group consi statalystosystem aPmrpxses mog, orangtedesis apid(rgprgbenyddaby thexy

al kyl aryl acyl oxy Eadi albléy each R is a nonovalent ClL to Cl2 hydrocarbon
radi cal independe qrwfa sél*ected fromthe group consisting of an al kyl, aryl,

aryl al kyl, al kyl agfibreia®Wpis @yGloaplky,ornadhaal sad n is an integer fromO to 3;
mis a integer fromQ to 3, wherein the sumof n and mis from1l to 3; and
each X i s a hal oge#eh %is 3 badogesk 8f yst system conpri ses one or nore Lew s
acid(s) represented by the formula MXy; wherein Mis a Goup 15 netal;
each X is a halogen; and y is 3, 4 or 5; or the catal yst system conprises

one or nore Lew stlaCiatlgst sySemesHirids bite of toré Qemid acitifsh Xoprésenideiyei n M i s
a Goup 15 netal;

the formula MR X4 .

wherein M is Group 4, 5, or 14 metal;

each R is a monovalent C; to Cj; hydrocarbon radical independently

selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl

and cycloalkyl radicals;

n is an integer from 0 to 4; and

each X is a halogen; or

the catalyst system comprises one or more Lewis acid(s) represented by
the formula M(RO)uR ' X4-(m+n);

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 Cj; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

n is an integer from 0 to 4;

m is an integer from 0 to 4, wherein the sum of n and m is not more than 4;
and

each X is a halogen; or

the catalyst system comprises one or more Lewis acid(s) represented by
the formula M(RC=00)R'nX4-(m+n);

wherein M is Group 4, 5, or 14 metal,



115 each Ris a nonovalent Cl to Cl2 hydrocarbon radical independently

sel ected fromthe group consisting of an al kyl, aryl, arylalkyl, alkylaryl
and cycloal kyl radicals; nis an integer fromO to 4; y is 3, 4 or 5,
wherein n is less than y; and each X igja halogen; or the catalyst system
conprises one or nore Lew s acid(s) represented by the formula

M RO 1R mXy{m+n); wherein Mis a Goup 15 netal, each ROis a nonoval ent Cl
to C30 hydrocarboxy radical independently selected fromthe group

consisting of an ah¥PXNC=60Y| RXY%, RsnovalekOXT, todldsy! ByabOMYadyRdiarlap; each
R is a nmonovalent C, to Cl2 hydrocarbon radical independentl sel ected

fromthe group congdependegtlpf sedected fxom the yarouprganaisting  ofahkydlkaoyloxyand
cycloal kyl radicals; n.is an.integer fr 0.to.4; is an integer fromoO to
4: yis 3, 4 or S,W%FOéﬁynarty@Q%lﬁ%&%y’ Fil_?(§ I?ﬁxl%xylrgg%a]?han y; and each X is
a hal ogen; or theegei & Vista MOHbANRGOOPE I55 R cAboTaE chle MdSpaidetlys)
represented by the fornmula M RC=00) nR nXy{mtn); wherein Mis a Goup 15

nmetal ; each RC=00 s¢lscted dnmo ke srmpcrnsistingzof pY atkobatrshayylalkyl, rablglaral

i ndependently sel roup consisting of an al kacyl oxy,
aryl acyl oxy, aryI%ﬁégﬂ%@?ggk%$gggkylarylacyloxy radicals; each R is a

monoval ent C, to @lhi2amitdégee &ohohio &di cal independently selected fromthe
group consisting of an alkyl, aryl, arylalkyl, alkylaryl and c&cl oal kyl
radi cal s: m is an integér from 0'to 4, whérein the sum of n’and m is not more than 4;

and

each X is a halogen; or

the catalyst system comprises one or more Lewis acid(s) represented by
the formula MOX;;
wherein M is a Group 5 metal; and

each X is a halogen; or

the catalyst system comprises one or more Lewis acid(s) represented by
the formula MX;;
wherein M is a Group 13 metal; and

each X is a halogen; or

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; or

the catalyst system comprises one or more Lewis acid(s) represented by
the formula M(RO),R'nX3-(me+n);

wherein M is a Group 13 metal;



nis an integer fromO to 4, mis an integer fromO to 4; 116 vy is 3, 4 or
5, wherein the sumof n and mis less than y; and each X is a hal ogen. 26.
The pol ynerization process of any of clains 1-24, wherein the catal yst
system conpri ses one or nore Lew s aciqﬁg) i ndependently selected from the
group consisting of titaniumtetrachloride, titaniumtetrabrom de, vanadium
tetrachloride, tin tetrachloride, zirconiumtetrachl oride, titanium brom de
trichloride, titaniumdibrom de dichloride, vanadiumbromde trichloride,

tin chloride triflyd RELIs HEBAGVALEAAD] HTTLS hfddbQAEbAS: radihPRIMEYHdEABNT UM
di chl oride, benzylzirconiumtrichloride, dibenzylzirconium dibromde,

met hyl titani um triselatted ifon theli greathygorsistingi ofvadi dlkaxys iaddoxyi anrlalisoxyi n
di chl ori de, phenyl ﬁﬁa&%ﬂi umaaedtrilth oride, nmethoxytitaniumtrichloride,
n- but oxyt i t ani um ErYERYGFY HEC i (i sopropoxy)titani um dichl ori de,

phenoxytitani um t gady RMigle, moRBRIML NEL BOXYZ Iy ERRLBEH radithluRidesididentit hy |
met hoxyti tani umdichloride, nethyl methoxytin dichloride, benzyl
i sopr opoxyvanadi us¢le¢ted fem dee gronp eoaxiging ehpw iyl @kl grylalkyl, alkylaryl

benzoyl zi rconi um t | 1168,...;:R80nzoyl oxytitaniumtrifluoride,
i sopropoyl oxytin %uﬁulﬁ g%ﬁq‘ggrjlﬂﬁé?dlgnagghyl acetoxytitani umdichloride, benzyl

benzoyl oxyvanadi umis b titégde fromv@tedli um oxytrichl oride, alum numtrichloride,
boron trifluoride, gallium trichloride, indiumtrifluoride, ethylalumnum
di chl ori de, met hyhiS@giinteasr o Rite A whereindhe ywra of piapd m 18ifkam dtp deand

i sobutyl gal | i um di,ghl Qri Qﬁaloa‘g{.%hhyl al um num chl ori de, dinethylal um num

; € ; ; ) > .
chl oride, ethylalumnum sesgurchloride, nethylalum num sesquichl oride ,

trimethylal um num triethylal um num methoxyal um num di chl ori de,
et hoxyal umi num dichloride, 2,6-di-tert-butyl phenoxyal um num di chloride,
met hoxy met hyl al % SR YB{eiHEomBrISSS Qe 8 Bats s %ﬁ@ﬁ&yem%q@mda%m num

the formula M(RC=00),R'nX3-(m+n);

wherein M is a Group 13 metal;

each RC=00 is a monovalent hydrocarbacyl radical independently
selected from the group independently selected from the C; to Csp group
consisting of an alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals;

each R' is a monovalent C; to Cj; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

n is an integer from 0 to 3;

m is a integer from 0 to 3, wherein the sum of n and m is from 1 to 3; and

each X is a halogen; or

the 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

yis 3,4 or 5; or

the catalyst system comprises one or more Lewis acid(s) represented by
the formula MR, X,

wherein M is a Group 15 metal;



chl oride, isopropoxygalliumdichloride, phenoxy nethylindiumfluoride,

acet oxyal um num di chl ori de, benzoyl oxyal um num di brom de, benzoyl oxygal | i um
di fl uoride, nethyl acetoxyal um num chloride, isopropoyl oxyindium
trichloride, antinony hexachloride, antjygpny hexafluoride, arsenic
pent af l uori de, antinony chloride pentafluoride, 117 arsenic trifluoride,

bi smuth trichloride arsenic fluoride tetrachloride, tetraphenylantinony

chl oride, triphenylantinony dichloride, tetrachloronethoxyantinony,

di met hoxytri chl or Qagk IR, moﬂb@dlérﬁrgﬂ% @M@Hﬁica@onc}ahf&p%&?éﬂmmﬁr si ne,
di fl uoronet hoxyarsi ne, acetatotetrachl oroanti nony, (benzoato

t et rachl or oant i norsplectgd drasn sheigroupaeassistieg eflprallid. ank. arylakyboalkrleryl zat i on

process of any of cl.al -24.. wherein the catal yst system conprises one or
nore Lewi s aci d(s)ag‘fiﬁkige%%%&%‘ﬁf‘ﬁcg\é\&e| ected from the group consisting of

al um num tri chl or ixg an ahteger Fiom Oté by omi de, et hyl al um num di chl ori de, ethyl
al um num sesqui chl ori de, _diethylal um num chl oride, nethylal um num
di chl oride, net hylYalsdnf atifa Whereigul is fess thaad; agd met hyl al uni num chl ori de, boron

trifluoride, and ' ' .achloride. 28. The pol ynerization process of
any of clainms 1- Zf%b%gg%g%foghéaogat al yst systemconprises a Lewis acid that

is not a conpound represented by fornula MX3, where Mis a group 13 netal,

Xi s a hal ogen. 29. The pol ynerizatign process of_any of_ the preced'g}pg
clai ms, wherein tHhe catalysl sxsteny gamprses AnSrarsBareaL4Wid askEn Teateseed

phenol & pol ymer i FRERRMROMREE @R olicyt hal i do, a tertiary aralkyl
halide, a terti ar ywhkedrdiyM ésd €rqup I menki ary aral kyl ester, a tertiary alkyl
Slt Eilr ar §I tﬁglt : gcray&%&gk{gk%gg%ﬁvﬁlggﬁcﬁﬁﬁd‘éE?‘g@gaer anﬁgﬁ%’mq%li’é? e@‘r‘lﬁgr ocess
of any of clainm leRSedi&heie §bep RhAbtHSe of an alkoxy, aryloxy, arylalkoxy,

alkylaryloxy radicals;

each R' is a monovalent C; to Cj; hydrocarbon radical independently

selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl

and cycloalkyl radicals;

n is an integer from 0 to 4;

m is an integer from 0 to 4;

y is 3, 4 or 5, wherein the sum of n and m is less than y; and

each X is a halogen; or

the catalyst system comprises one or more Lewis acid(s) represented by
the formula M(RC=00)R'mXy-(m+n)

wherein M is a Group 15 metal;

each RC=00 is a monovalent C; to Cj; hydrocarbacyloxy radical
independently selected from the group consisting of an alkacyloxy,
arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals;

each R' is a monovalent C; to Cj; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

n is an integer from 0 to 4,

m is an integer from 0 to 4;



system conprises one or nore initiator(s) independently selected fromthe
group consisting of HCl, H2O, nethanol, (CH3)3CCl, C6H5C(CH3)2C, (2-
Chloro-2, 4, 4-trinet hyl pentane) and 2-chl oro-2- et hyl propane or sel ected
fromthe group consisting of hydrogen cfjgride, hydrogen brom de, hydrogen
| odi de, acetic acid, propanoic acid, butanoic acid; cinnamc acid, 118
benzoic acid, 1-chloroacetic acid, dichloroacetic acid, trichloroacetic
acid, trifluoroacetic acid, p-chlorobenzoic acid, p-fluorobenzoic acid,

acetyl chloride, yig8f¥lor by whereia, the suii 3fK bnd B i91ds8 ehanbgag®y! chl ori de,
benzoyl brom de, trichloroacetylchloride, trifluoroacetylchloride, p-

fIuorobenzoylchIoKﬁ@@XlﬁéﬁﬁEﬁé%ulfonlc acid, trifluoronethanesul fonic acid,
trichl oronmet hanesul fonic acid, p-toluenesul fonic acid, nethanesulfonyl
chl oride, nethanesul fonyl brom de, trichloronethanesul fonyl chloride,

trifluoronet [E8nes WHeopylimetizationgerocass of ahyexfadalinsongd, whd:reihi the, catabgspanol ,
et hanol , propanol, 2-propanol, 2- nethyl propan-2-.ol cl ohexanaql , benzyl
al cohol . phenol , SYHERISAEABEDPDE onmgreh-shgs Wﬂd&ﬁéﬁ‘éﬂpm Hlsélreéﬁiﬁ

p- fluorophenol , 2.3, A%éus coﬁggﬁ%lo‘fmﬁ Hﬁn%tracgfégidg hYaﬁtilﬂﬁ( ?c} ene

The pol ynerization pr of clarms 1 wher el n t e catal yst
system conpri ses onaﬁachmnrtanrmhilonctc; anmat(ashlondeiepxenniam tetrachdbrixt, athnimmm t he

group conS|st|ng hIo 4, 4-tri hyl.pen 2-bro 4-
tri met hyl pent ane; ‘%@ gﬁ}a@ml £ bi‘%ﬁ%“ &DFﬁ'r Bf%’i‘\‘ge
2-chloro-2,4,4,6, Qn&ﬁ&tléémt x| h@ll%ﬁ&@ HNRbRAR- Zbénz%ltﬁarﬁum trichloride,

pent anmet hyI hept ane; 1-chl’oro-1-nethyl ethyl benZene; chl or oadanant ane;
1- chl or oet hyl benzehbgnz}t],tltaimbns(l divhiorile] - net bepkyzirgdniumbenz ériehloride,

2. 4 a1 i et hyl periOREY ZROgHEoy | ORPRmNe,. | i ORI NEane: TSeoxy -

2- met hyl pr opane; %hﬁﬁ@%ﬁﬁhﬁﬁ%.2hﬂﬁﬁﬁ%|Q&ﬁﬁﬁﬂﬂunzdﬁﬁ@hﬁéy]ﬁmﬁﬂQmﬁdQM1_

pent anet hyl hept ane; enzoyl -2, 4, 4, 6, 6- pent'anet hyl heptane; 71-acet oxy
trichloride, methoxytlta.mum trichloride, n-butoxytitanium trichloride,
di(isopropoxy)titanium  dichloride, = phenoxytitanium  tribromide,
phenylmethoxyzirconium trifluoride, methyl methoxytitanium dichloride,
methyl methoxytin dichloride, benzyl isopropoxyvanadium dichloride,
acetoxytitanium trichloride, benzoylzirconium tribromide,
benzoyloxytitanium trifluoride, isopropoyloxytin trichloride, methyl
acetoxytitanium dichloride, benzyl benzoyloxyvanadium chloride,
vanadium oxytrichloride, aluminum trichloride, boron trifluoride, gallium
trichloride, indium trifluoride, ethylaluminum dichloride, methylaluminum
dichloride, benzylaluminum dichloride, isobutylgallium dichloride,
diethylaluminum chloride, dimethylaluminum chloride, ethylaluminum
sesquichloride, methylaluminum sesquichloride , trimethylaluminum,
triethylaluminum, methoxyaluminum dichloride, ethoxyaluminum
dichloride, 2,6-di-tert-butylphenoxyaluminum dichloride, methoxy
methylaluminum chloride, 2,6-di-tert-butylphenoxy methylaluminum
chloride, isopropoxygallium dichloride, phenoxy methylindium fluoride,
acetoxyaluminum  dichloride,  benzoyloxyaluminum  dibromide,
benzoyloxygallium difluoride, methyl acetoxyaluminum chloride,
isopropoyloxyindium trichloride, antimony hexachloride, antimony

hexafluoride, arsenic pentafluoride, antimony chloride pentafluoride,



- met hyl et hyl benzene; 1-aceot xyadamant ane; 1-benzoyl oxyet hyl benzene;

, 4-bi s(1-acetoxy-I|-nethylethyl) benzene; 5-tert-butyl-1, 3-bis(1l-acetoxy-
-nmet hyl et hyl ) benzene; 2-nethoxy-2,4,4-trimethyl pentane; 2-isopropoxy-

, 4, 4-trimethyl pentane; 2-nethoxy-2-netfyyl propane; 2-benzyl oxy-2-

met hyl propane; 2-nmet hoxy-2, 4, 4, 6, 6- pent anet hyl hept ane; 2-i sopr opoxy-
2,4,4,6, 6-pent anet hyl hept ane; 1-nethoxy- | -nethyl ethyl benzene; 1-

nmet hoxyadamant ane; 1 - net hoxyet hyl benzene; 1, 4-bi s(1-nethoxy-I 119

net hyl et hyl' ) benze@pfenicS trifidridel thismuth3 tridhidridematsbmisy fluofigd higtradhiatde,

benzene, and 1,3,5-tris(1l-chloro-I-nethylethyl) benzene. 32. The .

pol yneri zation pr éRiEsphenyantimonyf th‘éﬂ?ﬂ%@edi Haphenglapimony er eidifhigside, cat al yst

system conpri ses - ' L.ng anion. 33;: ' .Qn process
of any of the pr e%ﬁ%&kﬁgﬁ%ﬂgﬁ@% n the onedlan}ﬁ%é(?g{cﬁﬁi;%rn 5)

conpri se greater divhiordtethoryasiner chbmsdichethipxparsine] gdiflrorotkthokiyarsine,

pol yneri zati on process of any of the preceding clains, whereip in _option
(ii) the isool efi ﬁcqt%toge&a@*ép@anmmemst@@l@aw;set@&hkor%mﬂﬁgmaﬁ ang Bsmythy | ene,
2-net hyl -1 -but ene,.3;4 lge] - butene, 2-nethyl -2-pentene, and the
multiolefin is selecte romthe group consisting of isoprene, butadiene,

2, 3-di met hyl -1, 3- but adi ene, 13-pinene, nyrcene, 6,6-dinethyl- fulvene,

hexadi ene, cycl opent adi ene, nethyl cyclopentadi ene, . pi peryl ene, t hyl
vinyl et her_,)ﬁt hyﬁrﬂeinﬁ{'fm@?%i?? Pé?F&*"%/gt 3?_} R%%fﬁj%‘gh er lgégefﬁtégg‘
pol yner i zation progdss B Gfe &R/ IRAAH LS hitlefBndeff1F sElbfted Rom MONONEN S

conprise at | east wt % 1'sobut yl ene based upon“the total™ weight of the

mononers. 36. The thpolgyomy iconsisting of odemenunf tacklodfle,t himgneoe ttitmomideai s,

vvhlerein_thte_ polty r:l %ionte;rp(ﬁaﬁgégeecits Lﬁ@lacpltélo-lggg. er{(ﬁrablythe
pol ymeri zation te P s fr =30C to - JUIHEHR pre dé’b‘l?‘ép e
pol ymeri zation t egReiiluidnirg chicie; eyl AumbRin dichloride, methylaluminum

sesquichloride, dimethylaluminum chloride, boron trifluoride, and

1
1
1
2

titanium tetrachloride.

28.  The polymerization process of any of claims 1-24, 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.

29.  The polymerization 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.

30.  The polymerization process of any of claims 1-29, wherein the catalyst
system comprises one or more initiator(s) independently selected from the
group consisting of HCl, H,0, methanol, (CH;);CCl, CsHsC(CHjs):Cl, (2-
Chloro-2,4,4-trimethylpentane} and 2-chloro-2-methylpropane or selected
from the group consisting of hydrogen chloride, hydrogen bromide,

hydrogen iodide, acetic acid, propanoic acid, butanoic acid; cinnamic acid,



37. The polynerization process of any of the preceding clains, wherein the
pol yneri zation mediumis evaporated at pressures from1l kPa to 400 kPa,
preferably at pressures from 10 kPa to 100 kPa, nore preferably the

pol yneri zation nmediumis evaporated at p{gssures from 30 kPa to 100 kPa. 120
38. The use of a diluent conprising one or nore hydrofluorocarbon(s) (RFC s)
in the polynerization process of any of the preceding clains.

benzoic acid, 1-chloroacetic acid, dichloroacetic acid, trichloroacetic acid,
trifluoroacetic acid, p-chlorobenzoic acid, p-fluorobenzoic acid, acetyl
chloride, acetyl bromide, cinnamyl chloride, benzoy!l chloride, benzoyl
bromide, trichloroacetylchloride, trifluoroacetylchloride, p-
fluorobenzoylchloride, methanesulfonic acid, trifluoromethanesulfonic
acid, trichloromethanesulfonic acid, p-toluenesulfonic acid,
methanesulfonyl chloride, methanesulfonyl bromide,
trichloromethanesuifonyl 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,

31.  The polymerization process of any of claims 1-29, 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; S-tert-butyl-1,3-bis(1-chloro-1-methylethyl) benzene; 2-acetoxy-
2,4 A-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; l-acetoxy-
1-methylethylbenzene; 1-aceotxyadamantane; 1-benzoyloxyethylbenzene;
1,4-bis(1-acetoxy-1-methylethyl) benzene; S-tert-butyl-1,3-bis(1-acetoxy-
I-methylethyl) benzene; 2-methoxy-2,4,4-trimethylpentane; 2-isopropoxy-
2,4,4-trimethylpentane;  2-methoxy-2-methylpropane;  2-benzyloxy-2-
methylpropane; 2-methoxy-2,4,4,6,6-pentamethylheptane; 2-isopropoxy-
2,4,4,6,6-pentamethylheptane; 1-methoxy-1-methylethylbenzene; 1-

methoxyadamantane;  1-methoxyethylbenzene;  1,4-bis(1-methoxy-1-



32.

33.

34.

35.

36.

37.

119

methylethyl)  benzene;  5-tert-butyl-1,3-bis(1-methoxy-1-methylethyl)
benzene, and 1,3,5-tris(1-chloro-1-methylethyl) benzene.

The polymerization process of any of the preceding claims, wherein the

catalyst system comprises a weakly-coordinating anion.

The polymerization process of any of the preceding claims, wherein the

one or more initiator(s) comprise greater than 30 ppm water (based upon

weight).

The polymerization process of any of the preceding claims, wherein in
option (ii) the isoolefin is selected from the group consisting of
isobutylene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-pentene,
and the multiolefin is selected from the group consisting of 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 polymerization process of any of the preceding claims, wherein the
monomers comprise at least 80 wt% isobutylene based upon the total

weight of the monomers.

The polymerization process of any of the preceding claims, wherein the
polymerization temperature is from 15°C to -100°C, preferably the
polymerization temperature is from -30°C to -70°C, more preferably the
polymerization temperature is from -40°C to -60°C.

The polymerization process of any of the preceding claims, wherein the
polymerization medium is evaporated at pressures from 1 kPa to 400 kPa,
preferably at pressures from 10 kPa to 100 kPa, more preferably the

polymerization medium is evaporated at pressures from 30 kPa to 100 kPa.
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38.  The use of a diluent comprising one or more hydrofluorocarbon(s) (HFC's)

in the polymerization process of any of the preceding claims.





