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[ 0002] The invention relates to new pol ynerization nethods using

hydr of | uor ocar bons and their use to produce pol ynmers. BACKGROUND [ 0003]

| sool efin polynmers are prepared in carbocationic polynerization processes.

O special inportance is butypolymbksitiontPrétesiés a copol yner of isobutylene
with a small anmount of isoprene. Butyl rubber is made by.low tenperature
cationic polynerization that generally requires that the isobutylene have a

purity of ORS bs%[, FEDSPELRCR¥IONE of >98.0 wt%to prepare
rubber .

hi gh nol ecul'ar wei ght butyl [0004] The carbocationic polymerization
of isobutylene and its copolynerization with conononers |like isoprene is

mechani sti c conpl rioON,

Morri son an@b@jyd Pr apgg&l‘i%fll%h%ﬁ@gjf%%f%ﬁ%ﬁ%%ﬂp@ﬁ?@@New Jersey
1992, and Ke0/435(061asfiled\sRecensbe: 20Ca(100@m6®/4€911wrerﬂlechtz&prﬁ521 Maoexl Dekker,
Inc., New Y, h taly, |caII ose of two
conponent s: &g#‘”gﬁ?t |@F% E&Hﬁﬁ &h}’s%é%’g’% E)é%'gljl%%e s 8Ei ds i ncl ude
A1C13 and Big479E008MBle@sh@é 17bORURE Qistiosdred 6f ﬂmm&&% rited Bych as HA ,
RCOOH (wherein Ris an al Kyl group) and H2O. WO 2004/ 058828

PCT/ US2003/%8968 2 During the pol ymerization process, in what is generally
referred to as the initiation

FIELD OF INVENTION

[0002] The invention relates to new polymerization methods using

hydrofluorocarbons and their use to produce polymers.
BACKGROUND

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

[06004] The carbocationic polymerization of isobutylene and iis
copolymerization with comonomers like isoprene is mechanistically complex.
See, e.g., Organic Chemistry, SIxTH EDITION, Morrison and Boyd, Prentice-Hall,
1084-1085, Englewood Cliffs, New Jersey 1992, and K. Matyjaszewski, ed,
Cationic Polymerizations, Marcel Dekker, Inc., New York, 1996. The catalyst

system is typically composed of two components: an initiator and a Lewis acid.
Examples of Lewis acids include AlCl; and BF;. Examples of initiators include
Brensted acids such as HCl, RCOOH (wherein R is an alkyl group), and H,;0.



step, isobutylene reacts with the Lewis acid/initiator pair to produce a
carbenium ion. Follow ng, additional nononmer units add to the forned
carbeniumion in what is generally called the propagation step. These steps
typi cal | woabrogdsece in a diluent or solvent. Tenper gcuns2o0diokosent
polarity, and counterions affect the chem stry of propagation. O these,
the diluent is typically considered important. [0005] Industry has

general ly accepted wi despread use of a slurry polynerization process (to
produce butyl rubber, polyisobutylene, etc.) in the diluent nethyl
chloride. Tyl thy polyMeriRfioy PRick%aini vt RIgeA@ly R1:RA%H &MY iighdn Met hyl
chloride at |ow tenperatures, generally |ower than -90C as the diluent for
t he react i orstef jobmizlensmeants| wighthe Liewis 4cid/iaitigtosypeis to prodacs acarbenjumf r easons,
i ncl uding t i | £50 . ' Q1 ‘cat al yst but
not the polm?ﬁrlr'erﬁtogro t%ﬁmﬁ%d@ﬁﬁﬁgeﬁgﬁggh g‘éﬁﬁ agﬁ{e“}fggé?i ng and
boi | i ng poi nekat ig genpratlyricslledribs pepagatied step. | These stegraypitaltyetakoplyocedniazat i on and
effective separation. fromthe pol r and,unreact ed noners., The slurry
pol ymeri zat i ‘@ﬁleatr 8%8@¥eqth%ﬁ@?ﬂ5?“%ﬁ8ﬂ%o%°]a5ﬁ¥’e SOIHH?DH?@F agé"‘tag'ﬂi ti onal
advant ages i ¢hetolistly off pRopaydtih. OTEREE e difuestfis picallp eensidepidamportio t 0 37% by
volunme in the reaction mxture can be achieved, as opposed to the
concentration of only about 8%to 12%in solution polynerization. An

accept abl e r@h@ﬂi vely Ih%irﬁ&oibﬁe\falf}f a Stedp%%é@@%w%leo?ff BSRmyS Obt ai ned

enabling the hedt of po | zathon to be  renoved nore effectivély by
surf ace heat padymérization p8icessy (to pwoduce butvhritkher, polyiselntdend, etadeinhibe chl ori de

are used in the 1,0p, Of —hi. I r. ' ' ene and
obutyl eno. SRERPREAYEGIOR | Tiieihy T HolrRl el {loces? HthSORl b0 20t

i sobutyl ene meflylalaiident low einpeaicspgeienlls vad dducoeC, usihs dilusie fdiy |
chloride. Simlarly, star-branched buty| rubber is alsq produced using

met hyl chl or thadeaction gritugndvistyl eiderds 15 employsdhfar 2 yrristy o) ¥ASssoci at ed

Wi th the pojn/Bihb 4@ iCMsdolved Thd Ybndihbrd bddBumiiin SHBAR Satalld®uf fitdency of
the polyner particles in the reactor to agglonerate with each other and to

col I ect on tthe pelyaer producta Methyh ebiprida alspstfas suitabief figeaing andrbeilipgpgists, and t he
agitator(s)/ B%ﬁ,) resJeQﬁleﬁt lgwotfemperature polymerization and effective separation

from the polymer and unreacted monomers. The slurry polymerization process in

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

methyl chloride.

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

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



WO 2004/ 058828 PCT/ US2003/ 040903 3 aggl oneration increases rapidly as
reaction tenperature rises. Agglonerated particles tend to adhere to and
grow and pl ate-out on all surfaces they contact, such as reactor discharge
| i nes, asygedolyosss2eany heat transfer equi pment bei ng used/ust@sznmomve t he

exot herm ¢ heat of polynerization, which is critical since |low tenperature
reaction conditions nust be maintaineds [0007] The conmercial reactors
typically used to nmake these rubbers are well m xed vessels of greater than
10 to 30 liters in volunme with a high circulation rate provided by a punp

i mpel | er. TheglRaleydihiinereases rapidlyt Creattich Reipbrangeaest eApAahead, i n order
to keep the slurry cold, the reaction systemneeds to have the ability to

renove the HagiclesAgndiosadbere torang grawand ghate-auors all suifacesitheyeepntackink r eact or
("OFSTR') | Ssubipuiadyb dscRargBHoEDlas DRl o aff P Bnsfdr KRE reference,
her ei naft er Fle erred to i?\rggenegljgf as aa#eeaactors"_ ror ' utﬁ&?geg%{lor". In

t hese r eact dpsremeie theyexothepmice héattof ol ymanizafion; Whaeh ¢ crtidudaincellamanger by a
punp, while boiling ethyleng.on the shel].side provides cooling, the slurry
t enper at ur eeteIB’B g ﬁr%g?céﬁp%c% uwnﬂ? bco‘B?lP"mr?ﬁd'et hyl ene tenperature, the
required heat flux and the overall resistance to heat transfer. On the

slurry side, heat _exchanger, ., surfaces progressively accumul ate pol yner,
i nhi biting hl@é&ﬁt r ansflOf CORMEAl ieAsts W’Eﬁﬁy f“%dctﬁdggmt%‘ésesrf"hwsy“?enper ature

to rise. ThigelPinh@a vedsels bBglehter BhR 0 to°3U litdrs i Yolume WELILiERER@Matiohat can be
used in nost reactors from26 to 37 volume %relative to the total vol une

of the sl urrigte provideshiby &pympnitenedieed The nalvperizatipr and Hhe grmpr botho| yner

2 5ou 05, (PR R w Il GREE K p 3R B o BRI SetSH S 68 ompver

t hese pat entlavhthesbilits tot iesbee the thedty Aanduiamplead stdhen enntinaehsdiowpstintetl e ns
I at ed 1.t h Ly, tigl | | f L ol t desired
Commer ci a1 o eBE VEESTEY 15 EuSp Yl TRisR! DR s e iR ey Al

a pol ymer i zakfedhce, He@iedier eferpdd 1o il Gehdial StafrSadidt” 00 Mbitphicaaor"oflndi sper si ng

a mxture of
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 shury 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



| sobutyl ene and a pol yolefin having 4 to 14 carbon atons per nolecule, into
a body of a fluorine substituted aliphatic hydrocarbon containing nateri al
wi t hout substantial solution therein, in the proportion of from one-half
part to i¥hpibssl WO 2004/ 058828 PCT/ US2003/ 040903 péTiustuosidosssubst i t ut ed
al i phati c hydrocarbon having fromone to five carbon atons per nolecule
which is liquid at the polynerization jenperature and polynerizing the

di spersed m xture of isobutylene and pol yol efin having four to fourteen
carbon atons per nol ecule at tenperatures between -20C and -164C by the

application 'ﬁ‘;t%!r' - ; V. : ches t hat
t he suitabl ghltopﬁ%gél%gar odlnf? mgugﬁcesgﬁ?lra?]%é;ﬁtoﬁ p asiﬁéesglaéfﬁoz%t\%’mﬁgh t he
nmononer, corpenomieculeavhdcloitlmhidsit thepoigmenidatiom temipetdtyre iand polybierizing t he

fl b ki t hej Pfficult tisf . 009] U.S.
patent o, hEHaoRd mitbts 3 Ebubore o oty ohn KT ol BToH S R vt i on
process for adigs pur@isléculd &nerBferfued Petweae20°C Bad s6a1ts by GieipbEtaiion

continuously delivering to a polymerization reactors st ream cqnsi sti ng of
a major pr db‘iﬁt@i Bt el‘@ﬁ@ét%"’é}‘% aﬁé’“ﬁ?"?ﬁ nB7s 6?36%"& gl}a@)rfh? sHPrlRe; dil uting
the m xtur qudcirbbhd WokldZedM i EBhibRasiOsy R HTRE 1%f mBAdNer BGhendtel | UOT i de;

copol yneri zi ng the mxture of | soput%/I ene | s?ﬂprene by the continuous
addi ti on t o andvatatyst being substsntiallye inspluble| inghe dluetocathan atakingethesussey pr epar ed

pol yneri zat Bﬂiﬁilcuﬁ%ﬂﬁ'sg{isfgc?&?i sting of boron trifluoride in solution in
| n

et hyl i dene uoride, maintaining the tenperature between -400C and -1030C
t hroughout the entire copolynerization reaction .... '415 teaches the use

of boron trifhhyipr i de 3 bl RETRILAANs AR oM aAE  GliAlorst and

1, 1-difluor ne as a preferred “cohbination. I's cdnbi nation provides a
system i n whiobymdrizetiarapratess tfor the prepesatiomnfla copmyroere theasteps alompsisingbl e and yet

still affords _a high ree of polyner .insolubili to capture.the benefits
of reduced rcgﬁﬁ?uc??lgf'o‘f(}ﬁign@g %o@\é\?b’%‘}enﬁﬁt?o&hm tPTSf’l'ﬁ%g &P O%apr ef erred
comrer ci al Gadjad propoftidh dilibobutydeleydtidr & nfifiér Fropdtibelisoprenk; diddi@Nte

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 -400C and -103°C throughout the entire
copolymerization reaction . . . . '415 teaches the use of boron trifluoride and its
complexes as the Lewis acid catalyst and 1,1-difluoroethane as a preferred
combination. This combination provides a system in which the catalyst, monomer
and comonomer are all soluble and yet still affords a high degree of polymer
insolubility to capture the benefits of reduced reactor fouling. However, boron
trifluoride is not a preferred commercial catalyst for butyl polymers for a variety

of reasons.

[0010] U.S. Patent No. 2,644,809 teaches, inter alia, a polymerization
process comprising the steps in combination. of mixing together a major
proportion of a2 monoolefin having 4 to 8, inclusive, carbon atoms per molecule,
with a minor proportion of a multiolefin having from 4 to 14, inclusive, carbon
atoms per molecule, and polymerizing the resulting mixture with a dissolved
Friedel-Crafts catalyst, in the presence of from 1 to 10 volumes (computed upon



[00101 U. S. Patent No. 2,644,809 teaches, inter alia, a polynerization
process conprising the steps in conbination of m xing together a major
proportion of a nonoolefmhaving 4 to 8, inclusive, carbon atons per

mol ecul eyyo MWod/fssgegi nor proportion of a nultiolefin hagrwgbsonssd to 14,

I nclusive, carbon atons per nolecule, and polynerizing the resulting
mxture with a dissolved Friedel-Craf¢s catalyst, in the presence of froml
to 10 vol unes (conputed upon WO 2004/ 058828 PCT/ US2003/ 040903 5 the m xed
olefins) of a liquid selected fromthe group consisting of

di chl or odi f lygor,giRll N8Reins)d N h OTigHRt BaG8ed tardi Nk fdoHQL st Rane,

di chl or ononof | uor net hane,” di chl orot etrafl uorethane,” arid m xtures thereof,
the nonool afidhiredifluenomethahef i n didilergmeiherss| vedrithlomaiotdoflicgmetianeand carryi ng

poi nt o 1 neRirifiBhsibgBlysdhe, SRERALH MRS dnd SRS el RS Done o

mai nt ai ni ng metwalefinl amdrmyulticlefin deing rdissdlived irasaid Mquidraad ogryisgoutohe f oul i ng,

but teaches the incorporation of diolefi i.e. ispprene) by the addition
o chi or of | RIDGRERHGHES extebertipre B 20n.dnc; e eReeB ATt BE ng

chem cal s. GRwRI Ng0BNdisdlose§ the huility BT hloRIMBMRErbons dt MHiktHinm@NadaPblsrry he _
manuf acture and distribution of CFC s naking these materials unattractive

for conmer cichpragigdstics japd mipiaizing regetnrtfpwing Pyt tegphes dhe inppyoratipy k| ey, Sr.

and Conj dgat 2es) {icolehrts e ARaRBPLHbANLaR:ERAR CIR)= Bl 876) ) °
L obUt Y1 ene kb LS00 Ao (L £ aberL At evel eoentadane Tne !
hopt ans. [ OB ShRREY B Gudnpltilis fbuichY CHe{ makife MRRBRARHAL o

di | uent s t o unetm@etive focvsnpatiibopezaionon systens that woul d reduce particle

aggl oneration and/or reduce the anount of chlorinated hydrocarbons such as
met hyl chloride is desirable. Such new pol ynerization systens woul d reduce

particle agqbengrati onddaallye aAHaRE, WoAll BuakIey.t SOUD.Tharigh MbRcAHOPT O se
process paraneters, conditions,
: Weight, High Unsaturation Copolymers of Isobutylene and Conjugated Dienes,
49(4) Rubber Chemical Technology, 960 (1976), discloses, inter alia, the cationic

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

and with cyclopentadiene in heptane.

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

ability to produce high molecular weight polymers.

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



or conponents and/or w thout sacrificing productivity/throughput and/or the
ability to produce high nol ecul ar wei ght polyners. [00131 Hydrofl| uorocarbons
(RFC s) are chemicals that are currently used as environmentally friendly
refrigenﬁggﬁﬁmﬁ&ﬁrse they have a very | ow (even zer 0o)pCTOZS#3/04894 et i on
potential . eir 1 ow ozone depletion potential is thought to be related to
the lack of chlorine. The HFC s also gypically have low flammability
particularly as conpared to hydrocarbons and chl ori nated hydrocarbons. WO
2004/ 058828 PCT/ US2003/ 040903 6 [0014] O her background references include

WO 02/ 34794pbhgt -di s OtR&Paciggrodndelefentls GRllud2OWDEY3Z0k R AREIGEEES USi Ng
hydr of | uor ocar bgns. O her background references include DE 100 61 727 A, WO

02/ 096964, e edicdaobymerizatipn prgeess psing\bydreflgyocaghoms. Qtisr beekgsouwnd No .
5,527,870, apgenkksSnciad BB 100%1 ?%X,Qﬂéﬁfoﬁw 66;04 E G NVEN: ON [0015]

This invention provi des new pol yner’i zation systens and processes using
hydr of | uor o¥ar3R4878 008 BateteN 5152787 @ and UBL FptemtiNe. 3,40cH8i on rel ates to a
pol ymeri zati on process conprising contacting one or nbre nononers, one or
nore Lewis acids and one or nore initiators in the presence of a diluent

conpri si ng SUMMARYODF TIYE INVENTIOMN bons (HFC s) in a reactor under
pol yneri zation conditions. [0017] In another enbodinment, this invention
relates to a process to produce polyners of nononer(s) conprising

contact i ng,qohi‘s}a I eaqth invérifn pRRREBEW PhlyferzAion@htema ahdiprolestdde Pr esence
of a hydrofl uorocarbon diluent, wherein the Lew s acid is not a conpound

r epr esent edusing kydroflworocankgns waipsoducapolymers. group 13 netal, X is a hal ogen.
[0018] In one enbodi ment, the invention provides a polynerization nmedium
suitable to polynerize one or nore nononer(s) to forma polyner, the
pol ymer i zat [00b6]nedi urhiv iprensem gelaiae tora polymetieation poicebs Sompoisingor nor e
i nitiator(sg %Ezg a diluent conprising one Of D e, ydr,of | uor ocar bon(s)
(BC s). ontacting one or more monotners, one or more Lewis acids’and one or more

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

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

{0017] 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 MXs, where M

is a group 13 metal, X is a halogen.

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

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

[0019] In another embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s) and a diluent
comprising one or more hydrofluorocarbon(s) (HFC); wherein the one or more
Lewis acid(s) is not a compound represented by formula MX3, where M is a group
13 metal and X is a halogen.



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

medi um sui table to pol ynerize one or nore nononer(s) to forma polyner, the
pol ymeri zati on medi um conpri sing one or nore Lewis acid(s) and a dil uent
conpri si R SRgoe2g™r € hydrof | uorocarbon(s) (HFC); whetcerus2ioesenc or nore
Lew s acid(s) is not a conmpound represented by fornmula MX3, where Mis a
group 13 netal and Xis a hal ogen. WO 2004/058828 PCTI US2003/ 040903 7
[0020] In preferred enbodi nents, the polynerization processes and nedia as
described in any of the enbodi ments above produce polyners that include

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

copol yners, isobutylene and al kyl styrene copol yners, and star-branched butyl
rubber terpo[0p2ers. DRApreiEs:d dnfiedirents, therpelymarizationgpragdssesfand mediael at i onshi p

bet ween di el ectri onst an and .t er at,ure. 22] . Figure 2 |s.a draw ng
of diluent n#s °Sﬁ’i§‘i’°§k‘é‘ éé@ ‘étf ?’ﬁneé?l?ogﬁg%’fs aROYF LPr‘Pé‘P Faflg%%%s Syt inchude

hydr of | uor ocgrobdiBobutylemt hylontdpoRinets;. [00@AFlend-isgpree 3 (Wityl plrabben)f peak
nol ecul ar wei ghi:’?‘i(‘ M).S%gr ie'us nonoper. conver,sion of certain inventive

pol yners as &EObMRSERdsebulyasng andratiylstasneyeapelymesorid sEolrenched B speci fi ¢

embodi nent s, npeESEQESmRRD exanpl es of the invention will now be descri bed,
i ncludi ng preferred énbodi nents and definitions that are adopted herein for
pur poses of understanding the clainmed invention. For determning
infringenenpnqﬁ pe of the "invention" will refer to any one or nore of
t he appended clains, including their equivalents, and el enents or
limtations that are equivalent to those that are recited. [0025] For

purboses O gk | e g 2% 15 55 ol IR e ibalr=t ovotem

and temperature.

[0022] Figure 2 is a drawing of diluent mass uptake as a function of

volume fraction of hydrofluorocarbon in methyl chloride.

[0023] Figure 3 is a plot of peak molecular weight (M) versus monomer

conversion of certain inventive polymers as described herein.
DETAILED DESCRIPTION

[0024] Various specific embodiments, versions and examples of the
invention will now be described, including preferred embodiments and definitions
that are adopted herein for purposes of understanding the claimed invention. For
determining infringement, the scope of the “invention” will refer to any one or
more of the appended claims, including their equivalents, and elements or

limitations that are equivalent to those that are recited.

[0025] For purposes of this invention and the claims thereto the term
catalyst system refers to and includes any Lewis acid(s) or other metal
complex(es) used to catalyze the polymerization of the olefinic monomers of the
invention, as well as at least one initiator, and optionally other minor catalyst

component(s).



conpl ex(es) used to catalyze the polynerization of the ol efinic nononmers of
the invention, as well as at least one initiator, and optionally other

m nor catal yst conponent(s). WO 2004/ 058828 PCT/ U52003/ 040903 8 [0026] In
one enbqgi nENkegeid® i nvention provides a polynerizat iPEA/USARI0M3sui t abl e to
pol ynmerize“one or nore nononer(s) to forma polyner, the polynerization
medi um conpri sing one or nore Lewis agid(s), one or nore initiator(s), and
a diluent conprising one or nore hydrofluorocarbon(s) (HFC s). [0027] In
anot her enbodi nent, the invention provides a polynerization nediumsuitable
to polynerize one or nore nononer(s) to forma polyner, the polynerization
medi um conprising one or nore Lewis acid(s) and a diluent conprising one or
nor e hydr of 08¥%locar bdw (¥ embajimenly chej igvantan opfavides anpplymerigqlios aci d(s) is
not a conpo : | 3 netal and
X is a hal o%&g&nl?ﬁl%gg%fmﬁgy%ﬁ?{aﬂg@%?é\%b oélw{ﬁgf(?oyyfﬁe%iaaz%ﬁ%%bﬁnér s to forma
pol ymer"  rpilyanenization infedivme |coniprising aifne purl mower Lewits i asid(g)p e tdromereand
conmponents, , | Within, the abil.ity of th illed i art necessary
o Dbt ai n Aashshd e Budsy SRt oo 2 porRroTgrochghonty PR R oo
paranmeters and conponent properties described herein. There are nunerous
permutation f the polynerizatign process and variatiops in the

pol ymeri zat ﬁ’Bg’flconpoﬁ%ﬁpéﬁawpb%msﬂ% Srepingention nraedesea iPPB’&’enﬁ%ﬂoyner

at tri but es. mbatuhr Gitssie ﬁﬂpﬁ?ﬂ@ﬂi&”@rﬁtcﬁ’m&@%btﬁﬁiexgﬁosfohﬂ%l pfifmerPRleYi SObutyl ene

honopol yners, isobutyl ene-isoprene (butyl rubber cic!){)ol ynmers, = isobutyl ene
and par a- meptlymetization eneditiso lcpmprising ong o5t merebkewis stl(Puand a rdilvear

terpol ynmers | ' ' (el i . Diluent is
speci fi cal I?/ong‘%%ﬁl%eﬁ%ﬁ%l Ege cﬁgor%gljgg'k@ p%a@’ gglﬁéglg \éa(ss}gs%%@gﬁt s for the
Lewi s Aci dlLewis heid(shisnat a coongriuas espresemed byfomnsla Mg ovtersMas agrdupr addi ti ves.

In the pragtiice, of )Ehe | nvention, the diluent does not alter the general
nature of t metal and X 1s a halogeén.

[0028] 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.

[0029] Diluent means a diluting or dissolving agent. Diluent is
specifically defined to include chemicals that can act as solvents for the Lewis
Acid, other metal complexes, initiators, monomers or other additives, In the
practice of the invention, the diluent does not alter the general nature of the
components of the polymerization medium, i.e., the components of the catalyst
system, monomers, etc. However, it is recognized that interactions between the
diluent and reactants may occur. In preferred embodiments, the diluent does not

react with the catalyst system components, monomers, efc. to any appreciable



conponents of the polynerization nedium i.e., the conponents of the

catal yst system nononers, etc. However, it is recognized that interactions
between the diluent and reactants may occur. In preferred enbodi nents, the
di | uent dgespsisrs react with the catal yst system commemarizenso#idoners, etc.
to any appre0|abfe WO 2004/ 058828 PCT/ US2003/ 040903 9 extent. Additionally,
the termdiluent includes m xtures of jat | east two or nore diluents. [0030]
A reactor is any container(s) in mhicﬁ a chem cal reaction occurs. [0031]
Slurry refers to a volunme of diluent conprising nononers that have

preci pi t at gkt O ddiorily, Y8E term TRAGHER Sudds Gk Rur@Cdftht 18REWd oL InBfeOr - The

slurry concentration 1s the volune percent of the partially or conpletely
preci pi t at edilysotsyners based on the total volume of the slurry. [0032] As
used herein, the new nunbering schenme for the Periodic Table G oups are
used as in CHEM CAL AND ENG NEERI NG NEws, 63(5), 27 (1985). [00331 Pol yner
may be used to refer to honopol yners, copol yners, interpolyners,

ter pol ymer s[00a0kc. Li k&wéastr isaing opahiyienty) inwitich afchémical r8agpioh wo@irs. conpri si ng
at |east two nononers, optionally with other nononers. [0034] Wen a pol yner
is referred to as conprising a nononmer, the nononer is present in the

pol ynmer in Id’&g_lﬁ()' Y”%lhﬁ%ﬁ:ﬂrﬁ‘ Hhohlde HOSARRE cSpriding WRofiRfs fhad | ve form
the nononer. Likew se, en catal yst conponents are ‘described as conprising
neutral stabéve preeipiated fromethe gilyerie monomers, Lewisedcid, apddaitistasodI®y one

skilled in a t:heqloni 0 hg c I form t hat
reacts wt hglpﬁ% %ﬁ%&r#e;rﬁéntlge%%ogddg%g pé)e{%e%r&g. ﬂ’foﬁ%@?mfg&go@?@%%pefers to any
ol ef i n nonoperipltavd polytnens basedonithatbtabmelumn of theslusyne car bon. [ 0036]

Multiolefin refers to any nononer having two doubl e bonds. WO 2004/ 058828
PCT/ US2003/ 040903 10

[0032]) As used herein, the new numbering scheme for the Periodic Table
Groups are used as in CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).

[0033] 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.

[0034] When a polymer is referred to as comprising a monomer, the
monomer is present in the polymer in the polymerized form of the monomer or in
the derivative form the monomer. Likewise, when catalyst components are
described as comprising neutral stable forms of the components, it is well
understood by one skilled in the art, that the ionic form of the component is the

form that reacts with the monomers to produce polymers.

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

the same carbon.

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



[ 00371 El astoner or elastoneric conposition, as used herein, refers to any
pol ymer or conposition of polyners consistent wwth the ASTM D1566
definition. The ternms nay be used interchangeably with the term
"rubbergﬁ%um gised herein.  [00381 Alkyl refers t 0 PETVSRB/P40P3C

hydr ocar A 8@%up which may be derived from an al kane by dropping one or
nmore hydrogens fromthe fornula, sucfy as, for exanple, a nmethyl group
(CH3), or an ethyl group (CH3CH2), etc. [00391 Aryl refers to a hydrocarbon
group that forns a ring structure characteristic of aromatic conmpounds such

as, for exampsf, benzfﬂﬁk?omé}%?QE.E(%@H@GO&%%?HSMS@J‘E&E@PEH;?&%?’hi etc., and

typically possess alternate double bondi'ng ‘unsat urati on nits

struct ure. polymenydr cgmpesitionsofifiolianess epngigisnawith thedA ST P 1586 dafimition.i ¢ conpound
by droppin O Iy WC, .or exanpl e,
phenyl! , orWﬁ%ﬁ“@%hﬁ“‘f@?@%@%ﬁ‘g‘%@ ?\M re%s’tﬁc}‘ﬁgé%?édﬁbgen group by

at | east one substituent selected from for exanple, halogen (chlorine,
brom ne, fl i,ne, or,. iodi.ne), am ng, .nitro, sulfox ul fonate or al kyl
sul fonat e) Mﬁﬁmol - al YL TREds ,t°aﬁ18“m_ Pt bi‘)fémcﬁﬁ%lgm t&g*cbh’?‘a%ibebr anched
chai n havi ngerived GrodD a alkRAN b ldedPpinghdrzhor mee! desgen® o the Sbimlta, propy!,

tert-butyl, isopropyl, isobutyl, etc.; alkoxy, straight _or branched chain
al koxy havi ¥gh 8s,ifer example; myeethat graup (GHsd ar ge pligberoun rHGHsMStR,  net hoxy,

et hoxy, propoxy, isopropoxy, butoxy, isobutoxy, secondary butoxy, tertiary
but oxy, pentyl oxy, isopentyl oxy, hexyl oxy, heptryl oxy, octyl oxy, nonyl oxy,
and decyl oxip03Hal oal Ay} refbrisch avbpdrocasbomaigpiip that forms eheng ctraétureal ky|

having | to carbon. at o ich s substitute at |lea ne hal ogen,
and incl ud%lé'%c?gﬁt?ce&aaﬁ%m%fc (gcg;ﬁ}%'r‘l%dr?esf’l%?s,’ %Qﬁr%%ﬂgﬁ%’t °§'1ze,ne1‘ ?aﬁﬁb%fr)%?’hyl ,

i odomnet hyl , plitnartivens, caithiydene, Zetf] and efpivally posicssiataaitsydonbld- &indingpr opyl ,
3-bronopropyl, 3- fluyoronropyl, .4-chloroputyl, 4-fluorobutyl

di chl pronetﬁwﬁawmﬂ&fl R ity Structypes mb?rasﬁepﬁw (B P GERSReERYPd from

2, 2-di chl or geirbmbtic &n?podh@ﬁfﬂi%ﬂ?ih@lﬁhe omére Mol fAsth e formula such

3, 3-di chl oropropyl, 3,3-difluoropropyl, 4,4-dichlorobutyl, 4,4-

di f | uor obut 88 for exaraple.phemsdanydets4, 4- di 1 uor obutyl, trichl oronethyl,
trifluoronmethyl, 2,2,2-trifluoroethyl, 2,3,3-trifluoropropyl,

1,1,2,2-tetrafluoroethyl, and 2,2,3,3
[0040] Substituted refers to at least one hydrogen group by at least one

substifuent 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 baving 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, icdomethyl, 2-
chloroethyl, 2-bromoethyl, 2-fluoroethyl, 3-chleropropyl, 3-bromopropyl, 3-
fluoropropyl, 4-chlorobutyl, 4-fluorobutyl, dichloromethyl, dibromomethyl,
diflvoromethyl, diiodomethyl, 2,2-dichloroethyl, 2,2-dibromomethyl, 2,2-
difluoroethyl, 3,3-dichloropropyl, 3,3-difluoropropyl, 4,4-dichlorobutyl, 4,4-
difluorobutyl, trichloromethyl, 4,4-difluorobutyl, trichloromethyl, trifluoromethyl,
2,2,2-trifluoroethyl, 2,3,3-trifluoropropyl, 1,1,2,2-tetrafluoroethyl, and 2,2,3,3-



WO 2004/ 058828 PCT/ 1152003/ 040903 11 tetrafluoropropyl. Thus, for exanple,
a "substituted styrenic unit" includes p - nethyl styrene, p-ethylstyrene,
etc. [00411 In one enbodinent, this invention relates to the use of

hydr of | ég&gﬁ&@ fi(s) or blends of hydrofl uorocarbon( FLTNSENIMPMocar bon( s)
and/ or chlrorinated hydrocarbon(s) to produce a polyner slurry which is |ess
prone to fouling (i.e., also observegq 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 well as reduced particle to particle

aggl oner at t@l@iﬂquﬁ@pyParlfHuQ Ufoit rekaFpCE Jehh SsublsBRA! drAenit Qlndl GRcthdRs t1e use of

hydr of | uor ocar bon "di I"'uent ( (s) luent blends w th hydrocarbons and/or
chl ori nat edn#bﬂmsmﬁhﬂs@ms, @® pol ynerize and copol ynerize isool efins

wi th di enes and/or al kyl styrenes to produce isoolefin honopolyners and
copolynmers with significantly reduced reactor fouling. Further, this

I nventi on ri@b4t]es tolnhenejsanhnfdmnnﬂ,r dlﬁzbumveniinnbcralattisl tee nth¢ spiseorofdi | uent

bl ends wit ocar ted hydr.qcar. o polynerize
and copol yg@w&@ T%'g’ dé&f”?q? 8* ‘Eﬂg e |€' BY‘SP?%"E‘&%OI yners with
signifi cantd:wmﬂuﬁﬁaemﬁﬁ@@fboh@td @@dm@ﬂa cH i4Ness ipfddef Or the

reactors, as npared to conventional systens. | n anot her

enbodi nent , ot ﬂ@%ﬁﬂ?oﬂﬁ%@?@é‘@ﬂwg g&'ﬁfeh]EFs&?S F"FFI%{ Pml%ﬁherfémér to obtain
reduced poI ue@?e? wAth Geb RS thEnQ@tottP robe t%x%%’éél%‘i- ¢ HQ%Em:%'lﬂfpéﬂerr educe

pol ymer acc atiron on t us obtain life.
100431 | n aasowtlbes aedvoetl pamicle mlmrﬁp}ﬁjagﬁlﬁmmb@ﬁr bivies: aautcul&dsd this a tubul ar

react or r h er run
| engt hs ( suck&g@ﬁgr}%g?@rtﬁ? ﬁs;en&flggﬂgur S, &ff%}%ﬁ%{)f}'%&%ﬁ;&n gn?ldtSZO hour s,
preferably wigh dgﬂmca:bhﬁsnaﬁﬂomohmﬁnatm)hpdrpcaeﬁcer blzhys 4o qmt)enieritzhamd48 hour s

than possible wt ot h haI nat ed dr.ocar bons 0044 not her
enbod ment | SREVAE FoAEEE SRR SR HIRTAYERES to protuce isoolelh

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

compared to conventional systems,

[0042] In another embodiment, the hydrofluorocarbons are used in a
tubular reactor to obtain reduced polymer accumulation on the heat transfer tubes
and/or reduce polymer accumulation on the impeller and thus obtain longer run
life.

[0043] In another embodiment, the hydrofluorocarbons are used in a
tubular reactor at higher temperatures to produce polymers at much greater run
lengths (such as greater than 15 hours, preferably greater than 20 hours, preferably
greater than 30 hours, more preferably greater than 48 hours than possible with
other halogenated hydrocarbons.

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

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



autorefrigerated boiling-pool reactor where heat is renoved by evaporation
of the WD 2004/ 058828 PCTI US2003/ 040903 12 diluent and nononmers m xture to
reduce reactor wall fouling, and agitator/inpeller fouling anmong ot her

thi ngs. #RPhedossseganot her preferred enbodi nent the hyscoikuwesmossbons are
used in a polynerization process to obtain higher nolecular weights at the
sane tenperature than when ot her hal @ggenated hydrocarbons are used. [0046]
In one enbodi nent, this invention relates to the discovery of new

pol yneri zati on systens using diluents containing hydrofl uorocarbons. These
di luents ef fdtaéntvahy d@®alese mixturseheciics ataabipft wallstfonlingnd andnoner s but
are rel ative]gl 00T soiJ vents for the polynmer product. Polynerization
systenms usi AgY t?‘ﬁ‘@!i’énﬁ"l prfungamong othepQings, bne to foul ing due to the

aggl oneration of polyner particles to each other and their depositing on
pol yneri zation hardware. In addition, this invention further relates to the

use of thesd0M5] uent sln snothss praterredambodimeny sheasilreiinorachtbops agsansed i on of hi gh
nol ecul ar I gh r ' . gher than to
Those. pol ynih (i by P ER0R prOtd FE R Righel et Nuighs 68 4R 800 1o

di | uent s sudémpesatmetthan whentdticer halegenpt2d hydrotarbanardmesedenbodi ment, this

I nvention relates to the discovery of new polynerization systens using
fluorinated aliphatic hydrocarbons capable of dissolving the catal yst
system Theqeo4sp! yer iz add &boalithée Bisahfendbs e:lied e the diskovelpof Agwol ef i n
slurry polynerization and production of a polynmer slurry that is | ess prone
to foul i ng, DRIVMCEZAgNPYstamegung dEpenty spntaipingphysiseiiuorecgrhons neFheshid t he

comer ci al | Hilﬁiﬁ B elgl dtdsbRkUYM E@é&é@é&rzﬂﬁt%ﬁﬁ%yﬁﬁ%o oaae&dﬂhteir@n, this
invention further relatés to the use of these diluents for the preparation
of high nolreletively posi sgivenisdby thepolyared prasfuol. y Relymerizatioh ghigempusipgrer i zat i on
t enperat ure Sy e I . zat,) 0 S J: chl ori nat ed
hydr ocar bonstheglgldﬁ@%ﬁg%%eugﬁﬁg g’é@e‘%@ﬁ ?ger ?%Z&é ngrf@mé}%ﬁé}g of %Ll%'?ér

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

addition, this invention further relates to the use of these diluents in
polymerization systems for the preparation of high molecular weight polymers
and copolymers at equivalent to or higher than to those polymerization
temperatures using solely chlorinated hydrocarbon diluents such as methyl

chloride.

[0047] In another embodiment, this invention relates to the discovery of
new polymerization systems using fluorinated aliphatic hydrocarbons capable of
dissolving the catalyst system. These polymerization systems are also beneficial
for isoolefin slurry polymerization and production of a polymer slurry that is less
prone to fouling, while permitting dissolution of monomer, comonomer and the
commercially preferred alkylaluminum halide catalysts. In addition, this
invention further relates to the use of these diluents for the preparation of high
molecular weight polymers and copolymers at higher polymerization temperatures
as compared to polymerization systems using solely chlorinated hydrocarbon

diluents such as methy! chloride.

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

of isoolefinic homopolymers and copolymers, especially the polymerization



[0048] In yet another enbodinment, this invention relates to the preparation
of isool efinic honopolyners and copol yners, especially the polynerization WO
2004/ 058828 PCTI US2003/ 040903 13 reactions required to produce the
isobutyk&gg&k@ggﬁpne formof butyl rubber and i sobutPgiTars20080409%3,| st yr ene
copol yners: re particularly, the invention relates to a nethod of

pol ynmeri zi ng and copol yneri zing isoolgfins in a slurry polynerization
process using hydrofl uorocarbon diluents or blends of hydrofl uorocarbons,
and chl ori nated hydrocarbon diluents, like nethyl chloride. [00491 In

anot her enbRAHRE tequirb® 1 HlodiRS thé dobRi}leby-HoPhe Tornt BE LG EAMBE: andnvent i on
provi de for copolynmerizing an isononoolefin having from4 to 7 carbon atons
and par a- al igbuylene-pralkylstysene capolymersc Moreipartienlaply, fhesinpentipn relates toerbodi nent

of the inventj dt ﬁ’hﬁ%ﬁ o] e r i RN ween about
80 and 99. Sth{ngﬂ]&) o?ft ﬁg I SO0 gflg'ﬁ&sg%ﬁ as Is bﬁféﬁqﬁ{g girlldgbg en about
0.5 and 20 mdlyméfizafion herqeessa-wigy | lydioflmnmcgbom diugpus aomeblegdsstofr ene. | n
accordance w anot her e | ment.. however ..wher | ass r.plastic

mat eri al s ﬁ)/lfdtéo f‘?’fﬁﬁﬁpﬁj&ﬂn&g@o t‘?ﬁetfypfoc gn %%e&?%ﬁﬁﬁg?eﬁvgd@%@ri sed between
about 10 and 99.5 wt. % of the isoolefin, or isobutylene, and about 0.5 and
90 wt. % of the para-al kylstyrene, such as para-nethylstyrene. 10050] In a

pref erred eH’Bﬁﬂi ment Ippe ?rrﬁi%bﬂdf%??t’r@? E‘Plé@e’f‘@t‘&nﬂﬁﬁ‘@%_gf_ ProsFRduce _
POl YITEr S Of iniofBk6iAl tr BolFRiizA b SsoARARTEIA BhviRE HBf Slo"eartN aCt i g, i

iy
a reactor, the nononer(s), a’Lews acid, and an Initiator, in the presence
of an HFC d#tpme ngndapare-al a¢ unenapferHC & aceordancep vdthe @apreferrei0C or

or 1 ower . Gpatbeics I B i, Bo® bRy ot Ghob I colbflgl 20 Y obly

-70C or | obswgenpabeicBladnd\99:530C Y001 thoiseslefirpsueh s isobytylef ahdosetemner |
preferably -10 or ower, efera fromOC to the freezing point of the
pol yneri zat ?Q?HPﬁé(ﬁ“Gr#O W R RP(EE" Raﬁ’e'glﬁ%?%ﬂ? Y asrﬁﬁ?)’fﬁ?h“yﬁﬁ B Monormer s

and Pol ymer gccordance with another embodiment, however, where glassy or plastic materials

are being produced as well, the copolymers are comprised between about 10 and
99.5 wt. % of the isoolefin, or isobutylene, and about 0.5 and 90 wt. % of the
para-alkylstyrene, such as para-methylstyrene.

[0050] 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.

Monomers and Polymers

[0051] Monomers which may be polymerized by this system include any
hydrocarbon monomer that is polymerizable using this invention. Preferred

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



[ 0051] Mononers which may be pol ynerized by this systeminclude any

hydr ocar bon nononer that is polynerizable using this invention. Preferred
nononers include one or nore of ol efins, alpha-olefins, disubstituted

ol efi ns_,wg\gmg@%éip58828 PCTI US2003/ 040903 14 i sool efRaT&yS2¢83Mf0¢hkt ed di enes,
non conj ugated di enes, styrenics and/or substituted styrenics and vinyl
ethers. The styrenic may be substitutgd (on 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.
Exanpl es of isgslefie] s@gugatedfdidies, ﬂHﬁLdéﬂﬁgﬁtw ARAGs, stfehicsanliloh SifiRRA, para-

met hyl styrene, al pha-nethyl styrene, divinylbenzene, diisopropenyl benzene,
i sobut yl enestyrsuige g yinyl n&he SyspRicHDAY. be ybptitied (on ﬂ@tfm@? f8int ene,

| sopr ene, agh : a6l =| p3s dj =PI rfgene,

6, 6- di net hyT - ‘n?“vyg’nr"?,"‘@ﬂ‘iax]g*(’ff@%E’;""‘B'yﬁeof%%‘r’ll?ahh?gﬁ%‘f&b‘?ﬁgry 5 2yl Vi nyl
et her, et hy¢arhinatdms tohage prefierably i2sto 9 evan mom preferablyr3 trRicarban dtoke. Mononer

may al so be,conhi natd t or . npr, rs.. nic bl ock copol yners
may al so beE’ﬁsngesa érfo??%%%‘%d g\%@é elrnrgfglgeeb%g‘g(}%{ﬂ é&%ﬁ"ﬁnﬁtlm copol yners

of styreni cmethglspenss dpharaedy]l spaee; ndivinyltehsehenaliisaprppenytiehdeyie st yr ene, and
C4 to C30 djo efins, suc s isgprene, .butadjene,,and the like.

Parti cul ar | FoRtErRs ?‘é’&c%ﬂglﬂﬁ?necgﬂﬁ%ﬁg'tlTwe'd#"ﬂlfﬁﬁhg‘ﬂ?w}‘% Si9BtPfene and

par a- net hy| pighdiéRN S, 32dimef9R ¥ BYueARNENBLpins A 1BREene 28,6-dilkihy Bfui@gDPOl yners of

| sobut yl ene. [0.0521 Additional |y, preferred npnoners include those that are
cat i oni cal | hexadienarsyslongsiadicne, riperlens seethyh vioxt etber ethpbyipiestheraandon of
Aefins, A ;:GCLLiG e ) | lence, New York
1075, " NomolsQ it il cHBY SR et ARG F ) Rl o b e e such
as those nmmomewsomérat tyenicaplatk eomllymserabndyi alsodeaisedta monemerpr opagat i ng

center becayse t noner contains an, el ectgon donating group. For a
Gotar ! ed dr Lo ol Cohibbmes Meldkr bdymeRy bl S0utble st p iR,
Pol yner i zat pgg-nekhyldtatnd) Salpifa-fiethyistdne, [aad eQ) ooy Csy) alicipfindlestaledas, Wl ey

| nt ersci ence, New_ York 1975%. . . L
1soprene, butadljéne, ang the like. Particularly preferred monomer combinations

include 1) isobutylene and para-methyl styrene 2) isobutylene and isoprene, as

well as homopolymers of isobutylene.

[0052] 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.

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

another embodiment.



100531 The nononers nmay be present in the polynerization mediumin 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
0.5 W %Rycgdobposedki vely 20wt % to 0.8 wt % alternati vePGT/HBOFHOM3 1S Wt % to 1
wt% in another enbodi nent. WO 2004/ 058828 PCTI US2003/ 040903 15 [00541
Preferred polyners include honopol ynegs of any of the nononers listed in
this Section. Exanples of honopol yners include polyisobutyl ene,

pol ypar a- net hyl st yrene, polyi soprene, polystyrene, polyal pha-nethyl styrene,

pol yvinyl eféus4p (sucpmﬁrea?bwﬁﬁfshxém&wh{d@ﬂa%e@@f tofheihonongdrier ) . [ 0055
u

Preferred pol yners al so jnclude copol ymers of 1) isobutylene and an
al kyl st yr endisted g this Se@isnt y Exarapleh, @f ihomopalymery gwbige shatdensodi nent

butyl poly [: : LN n ] Eg,rg e mxture
havi ng at @2@%’%?‘5‘&%’%@‘["% %ll}ﬁsg’ggflg’f %’@r’?&ﬁ%r Bﬁg%lgggofr%ﬁ? ucrE’ as

i sobut ene wipblyving) ethersduch ad pollymethydvinglether; galyetiylvinyletherpnoner  conponent .
The isoolefinis in arange from70 to 99.5 wt % by weight of the total
conononmer m xture in one enbodinment, 85 to 99.5 w % in anot her enbodi nent.

I n yet anot gg55pbodi Prférretpolyntepniled indlude copolimers ofiNY ésobiityRAe bad 99. 5 Wt %
The conjugated di ene conpqonent in ope enbodi nent is present in the
comononer A 2ikylstyrencprdah) 1goguiglene apdisoReRsne enbodi ment, and from 15 to 0.5
wt% in another enbodinent. In yet another enbodinent, from8 to 0.5 w % of

the conononer mxture is conjugated diene. The C4 to C6 isoolefin may be
one or nor é0056] i sobulrepne embpdinigyt butyb pelymers grenprepared by ugacting, a

2- et hyl - 2- 4- =1 - I i At
Cra con) ugat SO e wlhibs bkl (FAR, B C oRih hudiBlheP® 2 4 10
2, 3- di met hylcothpSnentisugt iag isebuténie-wittn@h e multjolefen ey cdjatedidiare mydnofet vene,

nexadiene, SXShRRET SR 0P| BRLY5R90,00 TR WeBhvorBl 40P,
i sobut yl ene cainbhiorié rhitude | dile %énibodinicdt) 85 1699 15YwikERConoitgr SabddimEs. 5 Wt %
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 wit% of the
comonomer mixture is conjugated diene. The C; to Cs 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
following table illustrates how the above-referenced wt % would be expressed as

mol%.



| sobutylene with 5.0 % to 0.5 wm% isoprene in yet another enbodi nent.
followng table illustrates how t he above-referenced w
WD 2004/ 058828 PCT/ US2003/ 040903 16 wt
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invention further relates to terpolypers and tetrapol yners
conmbi nati on of the nonomers |isted above.
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a. IC4 - isobutylene
b. IC5 - isoprene

[0057]

comprising any combination of the monomers listed above. Preferred terpolymers

This invention further relates to terpolymers and tetrapolymers

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

paramethylstyrene and cyclopentadiene.

Lewis acid

[0058]

co-initiator or catalyst) may be any Lewis acid based on metals from Group 4, 5,

In a preferred embodiment the Lewis acid (also referred to as the

13, 14 and 15 of the Periodic Table of the Elements, including boron, aluminum,
gallium, indium, titanium, zirconium, tin, vanadium, arsenic, antimony, and
bismuth. One skilled in the art will recognize that some elements are better suited
in the practice of the invention. In one embodiment, the metals are aluminum,

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



boron and titanium w th al um num being desirable. Illustrative exanples

i ncl ude WO 2004/ 058828 PCTI US2003/ 040903 17 AMC13, (al kyl)AlIC12,

(C2H5) 2AJCl and (C2H5) 3A12C13, BF3, SnCl4, Tid4. In a particularly

pr ef er r eghoewpadesyent, BF3 is not the chosen Lew s aci BCT/pS088{409DBe G oup 4,
5 and 14 Lew s acids have the general formula MX4; wherein Mis Goup 4, 5,
or 14 metal; and X is a hal ogen i ndepgndently selected fromthe group
consisting of fluorine, chlorine, bromne, and iodine, preferably chlorine.
X may al so be a psuedohal ogen. For the purposes of this invention and the

cl ai ms t her eAlQl;p atkyd PAI€:0 q€5H A0 fahd) €0, Hsp A1 g BBy i ShEL,, AMCl,sORyanat e, a

t hi ocyanate, an j sothi_ocyanate, or cyani de. Non-|limtipg exanples include
titani um tetpP'ﬁt‘,’HlFﬂY Pl iﬁﬂ?ﬁiﬁﬁ“ﬁ%ﬁﬁ%&ﬂt}ﬂ%e&@sw&ﬁ% Etﬂ‘FPt etrachl oride, tin
tetrachl oride and zirconiumtetrachloride. The Goup 4, 5 or 14 Lewi s acids
may also contain nore than one type of hal o%gn. Non-limting exanples

EYH

i nclude ti tIB#%m br okheiSreupi 4 Klagd ild dewisiacids ée geesmldermante N6 i de,

vanadi um br Quj i i | l:0r ' | ge. 0] G oup 4,
5 and 14 Le%geg%%{ss (%Jég &T gl’leoﬁ lﬁﬁg‘t&f %%/ﬁ%tlslo%hgﬁgéﬂ%Pé‘%ﬁaﬁgggdkﬁg@gener al
formul a MR' Xt the grhay ednsishibg ©f Guorine, 4hlofine, dirorhiheeddaiodinehpreéirably R i s a
nonoval ent hydr.ocagbon radical selected fromthe aroup.consisting of C to
G5 kol APRESEE B ol be EpBfonioets ot ot Bt it PRsioeh a8, I an
integer frame Qﬁlﬂs fhiere¥o ip'a?]ul'ﬂohgbg@eﬂg deﬁﬁapwd»e;un! %@@'@Cisﬁd;aﬁdt@,”?t heh?r oup
consi sting of, uorine, chlorine, brom_ ne, and i odine, preferahly chlorine.
X may al so ﬁé‘°ﬁ’mﬁ§u%d?fﬁmﬁﬂ@ﬂ§ep§rafﬁ%m%r gmgplgF Fﬁaglﬂlqﬁv’élﬁ]ﬂ‘ 9n and the
cl ai ms t her gfimhiuk'S eONBHAY © Bitdnfurtl fhif@mide, DearliA? | HfaciidlideSOgyanate, a
thi ocyanate, an_isothiocyanate or a cyanide. The term "a_ryl.ai kyl" refers to
a radi cal cdefraghierigeandygrchniym teeghlogsiden dhebemmpt4. &, et Mubewis 8aids mhv r adi cal

being at an K ’Bp Ll Qi s yl ATy I cal

cont ai ni ng ba?tohwa | p%oﬁc angﬁi%@%ﬂ@gﬁr ulg{;%&nens“?ﬁ% E)Eeﬁnr&é%i @§{Uﬂ%ei ng at an
aryl positi ditanitdorbrémide ttricijordeq titinisn afbrorigle alichilendes vawddisn bromidele

benzyl ti tan'ﬁéﬂl&r&de?@rldot{ﬂ%dricg'tgﬁgozr}/e.t i tani um di chl ori de,

[0060] 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 a monovalent hydrocarbon radical selected from the group consisting of C, to
Cy; 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
psuedobhalogen. For the purposes of this invention and the claims thereto
pseudohalogen is defined to be an azide, an isocyanate, a thiocyanate, an
isothiocyanate or a cyanide. The term "arylalkyl" refers to a radical containing
both aliphatic and aromatic structures, the radical being at an alkyl position. The
term "alkylaryl" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an aryl position. Non-limiting examples of these
Lewis acids include benzyltitanium trichloride, dibenzyltitanium dichloride,
benzylzirconium trichloride, dibenzylzirconium dibromide, methyltitanium
trichloride, dimethyltitanium  difluoride, dimethyltin  dichloride and

phenylvanadium trichloride.



benzyl zi rconium trichl oride, dibenzylzirconiumdibromde, nethyltitanium
trichloride, dinmethyltitaniumdifluoride, dinethyltin dichloride and

phenyl vanadi um trichl ori de. WO 2004/ 058828 PCT/ US2003/ 040903 18 [0061]

G oup 4,5, 8812?/( Lewi s acids useful in this inventiBEI/HEPOHMEWS have t he
gener al Porrru RO nR mX4{mtn); wherein Mis Goup 4, 5 or 14 netal,
wherein RO is a nonoval ent hydrocarbgxy radical selected fromthe group
consisting of C to C30 al koxy, aryloxy, arylal koxy, alkylaryloxy radicals;
it is a nonoval ent hydrocarbon radical selected fromthe group consisting

of Cl to Clgo6ipl Kyl , Groupld, 52dnd B4 kikis adide keilin @Rdinosilonahdgyhlss adi cal s as
defined abgve; nis an_integer fromO to 4 and_ mis an |nteger fromO to 4

such that BA¥ thergaerah formula,MBO MMEWWSWMIW%“% nal Fgbh |
'ndependenh{a{mwhé%ah%fsra%% eﬁ ?Jdidﬁﬂsel&fte rtl'mr%u e;gh' orine,

brom ne, and 1odine, prefera | ne ohal ogen.
For the pumgmﬂmg@f&m §3ua:lla@m mhmnﬂtﬁ@&l@k%%m&iwﬂ&&wﬂohal ogen is

defined to C ot.hi ocyanat e or
a cyani de. r%é’? @%‘g%g‘r%ﬁao‘? nr%lf aﬁﬁ%ttel%n%%ﬁﬁbeo%%}%ne sﬁ?‘“ﬁ"&? stﬂk? art woul d
recogni ze tan@t ah*ﬁ;aartyhlkyt, akﬁﬁyymm@cmydybmﬂwalsemaieﬁued Hbave; &Gwan/al ents to

al koxi des and en s respectivel he . ter | al k x refers to a
radi cal cé‘i‘f‘? % H’g‘ﬁ?o pdgp Yegerafﬁﬁngrt%ﬁﬁ’t‘ h&%‘ﬁ’%@’t‘%P gand Bds 44 cal

bei ng at amofnkRXian mmsta Rllogehifdepeid¥hilpbdiottedr fidm theSfrBus céisBng adi cal

contai ning both aliphatic andg aromatic structures, the radical being at an

aryl oxy po$f diuerine, qBloring, threming, and.iedise cerefsrablshetderines ¥ may@lseshe sicl ude
met hoxytit api | o 0 i.ohl qri

di (1 sopr op%%% | ta%cweh Ii:g?é% BSPF%E&S 6%?%%?&#%%%% @ltrér{;i ee,to

phenyl net hgzgulbhaogenuin definked utor beleyn aziddyyin ntyeorig] iat alnoaylanatch gl ori de,

nmet hyl nmet ho | orid d.benzyl i r opoxyvanadi,u i.ehl ori de.
10062] Gr o otsndls §Fa Hanich F05 P Guaksen dtRe NGRS BT SR 6y "ol S0 have
t he gener aIaﬁfv@ﬁdﬂlf&o@yﬁﬁ@iﬁhﬂ&ﬁ@(}k&xymﬂ)arylmdwte'smcwral&q(ﬁwhﬁts40 5, or 14
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 methoxytitanijum trichloride, n-
butoxytitanium trichloride, di(isopropoxy)titanium dichloride, phenoxytitanium
tribromide, phenylmethoxyzirconium trifluoride, methyl methoxytitanium
dichloride, methyl methoxytin dichloride and ‘benzyl isopropoxyvanadium
dichloride.

[0062] Group 4, 5 and 14 Lewis acids useful in this invention may also
have the geperal formula M(RC=00),R'nX4.@min); wherein M is Group 4, 5, or 14
metal; wherein RC=00 is a monovalent hydrocarbacy] radical selected from the
group comsisting of C; to Cjp alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals; R' is a monovalent hydrocarbon radical selected from
the group consisting of C; to Cyz alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl
radicals as defined above; » is an integer from 0 to 4 and m is an integer from 0 to
4 such that the sum of » and m is not more than 4; X is a halogen independently

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



metal ; wherein RC=00 is a nonoval ent hydrocarbacyl radical selected fromthe
group consisting of C2 to C30 al kacyl oxy, arylacyl oxy, aryl al kyl acyl oxy,

al kyl aryl acyl oxy radicals; R is a nonoval ent hydrocarbon radi cal selected
from ”\903&&?698 sePnsisting of Cl to C12 alkyl, aryl, moywszbdsyueeoml kyl aryl
and cycl oal radi cal s as defined above; n is an integer fromO to 4 and m
IS an |nteger fromO to 4 such that {ye sumof n and mis not nore than 4;
X is a hal ogen independently selected fromthe group consisting of

fluorine, chlorine, bromne, and iodine, WO 2004/058828 PCT/ US2003/ 040903

19 preferab Pl a r poses of
this i nvenﬁégérﬁméngh{aﬁgeég%ﬂ%oag? g?gﬁ%@gﬂggﬁgl g%gﬁlel suﬁfjﬁé?él ﬁgg&?o be an

azi de, an us'omnmde;heaclmsdbgraﬁqamseudcdnnlogsroushdefmpértatlu ar &ad@,y@m de. The

term "aryl on rs_to I gont baot.h hatic and
aromatic ?Pycapgtg %f & ‘B%P{ﬁ’g&é‘%%an a?y?g cFoxyO[fcl)'1 s?l?{gn The term
"al kyl aryl abatylelkylacylefcﬁ'r &fér@ ta d aatlicahl connaitiny bomgalipbitic aind pdrematic and
aromatic structures, i cal being Iil aryI ac | oxy osi tion.

efferaiot (end

Non- | i ni ti nETesiurs| die o‘F‘S‘ g A &ng Bet 0xXy€i #SH um

trichlori de"aliaﬂmmsha "CEHTérb”Eb 4 rrad?éa@reoﬂ@mnkgemmym%ﬁé ta8di #8mbtid f | vori de,
i sopropoyl oxytin'trichloride, nmethyl acetoxytitaniumdichloride and benzyl

benzoyl oxyv sifvstirestherindical deing [ab ersaylacylgwippositiany Nonglimiting examples ph t hi s

I B O e

consi sti ng tfbréidey bemcpylohjtmmm mﬂu«mﬂeneﬁopromyloxﬁnhl trizhlopidef methpl y chI orine.
Anon-limtin 1S Vv Lum trichlor QQ64] The G oup 13
Ceni s act ds*RsHRERET ket R ko RSB e R0 o1 il ' Waca: whor ei
Mis a Goup 13 netal and X is a halogen independently selected fromthe

group consisting of fluoring, chlo |ne bronmi ne, and iodine, preferably
chl ori ne. f ICJal so Heoug gﬁu ghyl in-gs P}’(émfﬂ‘}r%% odiave {f% i nvent i on

and the cl agéﬁieréﬂfsﬁﬂgmxg%?éﬂm } &r619 § BRML WhdEn A i9F hiRgeran

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

and iodine, preferably chlorine. A non-limiting example is vanadium

oxytrichloride.

[0064) The Group 13 Lewis acids useful in this invention have the general
formula MXs; wherein M is a Group 13 metal and X is a halogen independently
selected from the group consisting of fluorine, chlorine, bromine, and iodine,
preferably chlorine. X may also be a psuedohalogen. For the purposes of this
invention and the claims thereto pseudohalogen is defined to be an azide, an
isocyanate, a thiocyanate, an isothiocyanate or a cyanide. Non-limiting examples
include aluminum trichloride, boron trifluoride, gallium trichloride, and indium
trifluoride.

[0065] Group 13 Lewis acids useful in this invention may also have the
general formula: MR,X3, wherein M is a Group 13 metal; R is a monovalent
hydrocarbon radical selected from the group consisting of C, to Cy2 alkyl, aryl,
arylalkyl, alkylaryl and cycloalkyl radicals; and # is an number from O to 3; X is a
halogen independently selected from the group consisting of fluorine, chiorine,

bromine, and iodine, preferably chlorine. X may also be a psuedohalogen. For



| socyanate, a thiocyanate, an isothiocyanate or a cyanide. Non-limting
exanples include alum numtrichloride, boron trifluoride, gallium
trichloride, and indium trifluoride. [0065] Goup 13 Lewis acids useful in
this mva,ﬁebd%rbs@ al so have the general fornula: NVPCIUS200409%3 N Mis a

G oup 13 ; I s a nonoval ent hydrocarbon radical selected fromthe
group consisting of G to Cl2 alkyl, gvyl, arylalkyl, alkylaryl and

cycloal kyl radicals; and n is an nunber fromO to 3; Xis a hal ogen

i ndependent|ly selected fromthe group consisting of fluorine, chlorine,

brom ne, an fe atd¥he'c al ogen. For
VO 20041055558 Pt BB AT A050 8 58 clifs tereTKoshipiqin & REHEERIC “0nd the
cl ai ns t her be en pgidedahisocypaatej 8 thiedyanate] ancisothivcpanatezorde cyamidei hBlasyanat e, a
thiocyanate n..l wOC aeor c i.de. T term"aryl al k I" refers to
a radi cal “ﬁ?‘ﬁg‘?ko{%@ pﬁa’iafl%alaﬁ‘gn%%ﬁa{’cing alﬂ’?‘f“tﬁctaﬂqe"’g oM radi cal
bei ng at an sm.idﬁ;tés, ﬂﬁﬁﬂaﬂicﬂrbclﬁﬁw ahalkyl pesition. aThe ferni CAlRyl8ryl"Orefers toali cal

cont ai ni ng both aliphatic a aro ic structures, the radl cal be| ng at an
aryl positi Giicahgm tﬁﬁ’i‘gt"f"ﬂb H‘iarBF’aP%é@é"“E’E%@ sdicakbsing: pt 2

et hyl al um ngy peHitdH. AéfIBmi te?&é{r b5 et dinsd UcRis AERAMLAlHEH num
di chl ori de, H&:Isobuty | gal I'i l}g?dl chloride, dieth ; glﬁﬁ’?c}]um c%]i ori ca

di net hyl al udichlonide,c h| wethplelundmpy | aldickiondem sebeuylehminime, dishlarideal uni num
sesaui ol o e LT AL DL SH VAL "W 905R.5 O 13

Lewi s aci ds use I'n thr's 1 nven ave’ t fornul a
M RO) nR i X3cklorids,; ethlalaminud i sesquﬁbnﬂe,l&nmyhlmnminﬁr esesquikBlorids, a

nonoval ent h I C eI ected fromthe group consisting of Cl to
C30 al koxy, “ﬁ?'ﬁ}ﬁ@%}mﬁhﬁ'ﬁj &9’ URINIar vl oxy radicals: R is a nonoval ent
hydr ocar bon radi cal selected fromthe group consisting of C, to Cl2 al kyl,

aryl, aryl aI k6y al kéﬁ) ryl and cycl oal kyl radicals as defined above; nis a
number froml®66l o 3 u §3sLewis aeign asefalrigihiy invention may alsehavejle sum of n

and mis nogtm%@@ (ﬁo%& 1%, 8P RhQER M0 § RRERS BN fukdl; SRleRih Re from the

group consisting o
is a monovalent hydrocarboxy radical selected from the group consisting of C; to

C;30 alkoxy, aryloxy, arylalkoxy, alkylaryloxy radicals; R' is a monovalent
hydrocarbon radical selected from the group consisting of C; to Cj; alkyl, aryl,
arylalkyl, alkylaryl and cycloalkyl radicals as defined above; n is a number from 0
to 3 and m is an number from 0 to 3 such that the sum of » and m is not more than
3; X is a halogen independently selected from the group consisting of fluorine,
chlorine, bromine, and iodine, preferably chlorine. X may also be a
psuedohalogen. For the purposes of this invention and the claims thereto
pseudohalogen is defined to be an azide, an isocyanate, a thiocyanate, an
isothiocyanate or a cyanide. For the purposes of this invention, one skilled in the
art would recognize that the terms alkoxy and aryloxy are structural equivalents to
alkoxides and phenoxides respectively. The term "arylalkoxy" refers to a radical
containing both aliphatic and aromatic structures, the radical being at an alkoxy
position. The term "alkylaryl" refers to a radical containing both aliphatic and
aromatic structures, the radical being at an aryloxy position. Non-limiting
examples of these Lewis acids include methoxyaluminum dichloride,
ethoxyaluminum  dichloride, 2,6-di-tert-butylphenoxyaluminum dichioride,
methoxy methylaluminum chloride, 2,6-di-tert-butylphenoxy methylaluminum
chloride, isopropoxygallium dichloride and phenoxy methylindium fluoride.



chlorine, bromne, and iodine, preferably chlorine. X may also be a
psuedohal ogen. For the purposes of this invention and the clains thereto
pseudohal ogen is defined to be an azide, an isocyanate, a thiocyanate, an

i sot hi ocyapabfoeRisd Cyanide. For the purposes of thispCTuszii/@n03one skill ed
in the art mouIJ recogni ze that the terns al koxy and aryl oxy are structura
equi valents to al koxi des and phenoxi ges respectively. The term "aryl al koxy"
refers to a radical containing both aliphatic and aromatic structures, the
radi cal being at an al koxy position. The term"alkylaryl"” refers to a

radi cal containing both aliphatic and .aromatic structures, the radical
being at an aryloxy position. Non-limiting exanples of these Lewis acids

i ncl ude net HB&&}M um nGReuR thLewiscasids veefbin hisyinyeniiendnanalss hens, the

2,6-di-tert- I k}l_q | chl Qfivb@dBn M ; Al I num

chl ori de, Z%H%-?@%@?Q%@y p @h‘?ﬂ%@’%%%ﬁ%%&@%?%%,ﬁem

i sopr opoxyg®RC+®onisla eivnovalekd gdobepdhacyd xadicak sdlgdtedfiomnthé lgrompi sellected\O

2004/ 058828 1' CI/ US2003/ 040903, .21 1 0067] .G oup, 13 Lew cj dg useful in

S D B e PP RAORE T Sp AR Ry, RSl ok R At aiotl )
wherein M i sligidglatitodSradRbR] R' hemehdvaleRORfIbdasbon ribitalvseleatrd fhaugr ocar bacyl
radi cal selected from t_hexc&roup selected. fromt he‘gﬁroup consisting of C2 to

330_ al kacyl dk%/fm&?f;:;iéiﬂn& cha‘ioﬁlal!aﬂgj»é&%ﬂi’ﬁg;f PRy gﬂ‘h?)ﬁﬂl‘lﬂ@?lradi c?! s;
is a non Of: r; onsi sting
of Cl1 to Cl%ygl féﬁs ar§/ i,gﬁgr’y lgla%y&l? affﬁl g‘?yl andggb‘élﬁogrlt%/n?y%%di cal s as
defi ned aboww¢h that thezumuefe and poin Ot moredthamd; & iss: balegembiadependenil) to 3  such
that the su d,mis not re 3: i al ogen i ndgpendent |y
selected fr orgﬁlf%&ﬁg %’r%%tfjlbe Er(g’ﬁlgicsofll%r}bngo%pﬁﬁ%n&ﬁ >ﬁi%l°§%%llgr e aﬁé 6?@%(%, and

i odi ne,  pr girefermblyychidtingr Knmay Xlsottye @bardsialogeps Fodalapngeses ofdiist he
purposes of this inyention and the cl.aj thereﬁg‘?{gseﬁdohal pgen is defined

to be an azipeenton and dhe glayms thereto prqudphalogepds dg Eﬁ ¥ G t&or a
cyani de. ThesdcQirite, " a5 WiddykiataC hOXsbthibShmiie 40 2 dyasideal TRNt®@isni ng both
al i phatic and aromatic structures, the radical being at an al kyacyl oxy

"

posi tion. Thayalkacyloxy" refers to a radical containing both alipbatic 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.

[0068] 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-
limiting examples include antimony chloride pentafluoride, arsenic trifluoride,

bismuth trichloride and arsenic fluoride tetrachloride.



"al kyl aryl acyl oxy" refers to a radical containing both aliphatic and
aromatic structures, the radical being at an aryl acyl oxy position.
Non-limti ng exanples of these Lewis acids include acetoxyal unm num

di chl or |‘g§ ﬁ)@{s y! oxyal umi num di brom de, benzoyl oxyrgal¢s200:0d9p3 uor i de,

met hyl 20 um num chl oride, and i sopropoyl oxyindiumtrichloride.

[ 0068] The Group 15 Lewi s acids have jhe general. fornula MXy, wherein Mis
a Goup 15 nmetal and X is a hal ogen i ndependently selected fromthe group
consisting of fluorine, chlorine, brom ne, and iodine, preferably chlorine

and y is m@fr 5. oggme%as Qad@umngn@hm%ﬁmgg aygqml@ymoses of this

I nvention a thereto pseudohal ogen is d to be an azide,

an i socyanageerah fomﬂmd\,d&#é,t.,ewmul dtipiaoCipenpal & metaly w,l;qmnc% ison-limting
S or e BB ST Lo B BN AL PGS ) e
of hal ogen. ?llmdyharyﬂlamymmgamyafmlaﬁﬁﬁjrdMMQd%ﬂs; ey ich Dtdgeefrp@ra af | uori de,

t t
et achl or i 5 N Zbeis DSBS ik PULBbIR BB SIPERBIY BG 15 Lew s
aci ds usef Ukomthk Bréup 'c!b‘ﬂﬁ@tﬁdgl%‘f TR0k SfloriRy Brdufife, a&arlsalﬁé freermlya MR Xy_n;
wherein Mis a G oup 15 net wherein Ris a nonoval ent hydr ocar bon

radi cal sel éhipw meﬁYtah?Q bgraquspudebalogen: |E¢gﬂ@rpumos¢s)ofctm ingentign andar y| |
I al kyl, f 0O t
arylal Ky ng{ssuc &X&&h%ﬁlg@f is 'd eﬁa{osbe @I zldle, %% | Ogg%a?eggf rom 0

4; y is 3, ess n I ndependent |y
sel ected ft}mny’mhme gmmpthmymam bng mybmﬂbuﬁha tarm Cdrylatkiyllereférs doiane, and

i odi ne, pref .chlorjn al so.be a pseudohal o . For the

pur poses of T @Fﬁat % h‘ é’r?&amtﬁ%l PP Stuchires gh ‘?aﬁagﬁﬂ?%ﬁtew i s defined
to be an az hﬂt?l, @,ihdns Omé&a%i ealky?laryl"hlew@rkﬁiaﬂmalaébnltﬁﬂhg IbegyAdiphatRe Or a

cyani de. The term ‘aryl al kyl " refers to a radical containing both aliphatic

and aromat i and; promeatiq r SRictupdse theg prdical beiee ay 2w ayh pogitiRy  Nerlimiig The term
"al kyl aryl ™ e&ﬂéﬂéss oft'oth@ser 3448l actR N1k NBurkieRyi@hip &ﬁt | dhioridP darfdf OMRLI C

structures, radi cal being at an aryl position. 1T mting
triphenylantimony dichloride.
[0070] Group 15 Lewis acids useful in this invention may also have the

general formula M(RO)uR'nXy-(m+n), Wherein M is a Group 15 metal, wherein RO
is a monovalent hydrocarboxy radical selected from the group consisting of C; to
Cso alkoxy, aryloxy, arylalkoxy, alkylaryloxy radicals; R' is a monovalent
hydrocarbon radical selected from the group consisting of C; to C;z 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 chiorine. 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



exanpl es of these Lewis acids include tetraphenylantinony chloride and

tri phenyl anti nony dichloride. [00701 G oup 15 Lewi s acids usef uI i nthis
invention may al so have the general formula MRO"R mXy-(,,, wherein M
is a Goyp, AasbBsARl - Wherein RO is a nonoval ent hydrbéyﬂwyﬁ"ﬁ di cal
selected fromthe group consisting of C, to C30 al koxy, aryl oxy,

aryl al koxy, al kylaryloxy radicals; R 23s a nonoval ent hydrocarbon radi cal
selected fromthe group consisting of C1 to C12 alkyl, aryl, arylalkyl,

al kylaryl and cycl oal kyl radicals as defined above; n is an integer from O

to 4 and m icgardples nto@'gemesfer OMwist Cactisanihebudé S tatracmo%m&h@mﬁnmb@g the sum of
nand mis |ess than X is a hal ogen |ndependent sel ect ed fromthe group

consi sting dinethpxgrichieroantimany; dishlopmsthorparsiaeFhics thoxyassing, #8dy chl ori ne.
X may al so %@gﬁﬂ Qogen. For the purposes of this invention and the
cl ai s thergﬁ%@mps%ﬁ hal ogen is defined to be an azide, an isocyanate, a

t hi ocyanate, an isothiocyanate or a cyanide. For the purposes of this

i nventi on, kille ar gnl ze. that the.ter al koxy and

aryl oxy ar qu‘ﬁ]ict ur a?}r‘é‘%f{jgﬁgﬁt"éﬁdﬁgdmeﬂl fsdlé' e‘ﬁﬂ‘?ﬂ rﬁ??’eﬂﬁ%’%lvé’stgs

respect i vel Ygendrile férgiuld " M(Rmddmm;;x Gl:ST %hé@inaM aéliaC GroupC 0Pt @ktal;ng bot h

al i phati c and aromati c_structures, e radi cal bei ng at an al koxy position.
b

The term' wefgﬁreaaaﬁ'~Q@flérﬂsme°‘alqnaavérgparbw{wm1§ slgsted) romaPec and
aromatic st rc% | dfihc N afA B51 nllmtlng
WO 2004/ 058 8 PCT?SUSS%%OSF 903 (gS exg%fes of "t gsggﬁg\%{m&s&m ds incl ude
tetrachl or orﬁwﬂmxl}emoxymdwals, Bi isrrembnovalent bydrosalzont iadisalyselected from
di chl or onet si ne Qr i ne nd onet yar si ne.
100711 & oua Bevp o feistl &' ColarCe ML, A5 oy syt 3R PR e
gener al f or nudiealdRRESNEY dbovisyn {srmmrintegentfiened fo ﬁMmdSmé?s ﬁmtageﬂfiomﬁttal wher ei n
RC=00 is a noval e bagcyl oxy .r adi caL cted fro group
Consi st ng oF MRS 1o oty SrBapAaRs SIS nered s S ion 51 Kb 2
?I kylaryl aCMthandeﬁd}' gélkdted Fomi the BrdwBOUALBIt of MRS ek he! Ba‘éhﬁfx’é "sel ect ed
rom

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.

[0072] Particularly preferred Lewis acids may be any of those useful in
cationic polymerization of isobutylene copolymers including: aluminum
trichloride, aluminum ftribromide, ethylaluminum dichloride, ethylaluminum
sesquichloride, diethylaluminum chloride, methylaluminum - dichloride,
methylaluminum sesquichloride, dimethylaluminum chloride, boron trifluoride,
titanium tetrachloride, etc. with ethylaluminum dichioride and ethylaluminum

sesquichloride being preferred.



t he group consisting of Cl1 to C12 al kyl, aryl, arylalkyl, alkylaryl and

cycl oal kyl radicals as defined above; nis an integer fromO to 4 and mis
an integer from0Oto 4 andy is 3, 4 or 5 such that the sumof n and mis

| ess t hangyngtdsssag Nal ogen independently sel ected frREEVREOIHGND

consi sting oP {Iuorine, chlorine, bromne, and iodine, preferably chlorine.
X may al so be a psuedohal ogen. For thegs purposes of this invention and the
clainms thereto pseudohal ogen is defined to be an azide, an isocyanate, a

t hi ocyanate, an isothiocyanate or a cyanide. The term "aryl al kyl acyl oxy"

refers to a [@IBFal coDévwisnicidg sQeH By lethpldinhifone (MADRANL spedificht) ures, the
radi cal being at an al kyacyl ox% position, The term "al kyl aryl a&i@ll oxy"

refers to a Aexgued| weakht spdrdingtmgoLewis) acidsatuck asnB(GsFomare also shitale ures, the
radi cal bei ”ﬂe@{sa@i&s%ﬂ@ﬁ%&ﬁ%ﬂ%ﬁﬁk%&ﬂﬁoﬂon" imting exanples of these
nc C

Lew s acids | ude acetatotetrachloroanti nony, (benzoato)

tetrachl oroanti nony, and bismuth acetate chloride. [0072] Particularly
preferred Le‘l‘.\ﬁiﬁatarci ds nmay be any of those useful in cationic polynerization
of isobutyl ehe—e%pol ymers including: alumnum trichloride, alum num
tribrom de, ethylalum numdichloride, ethylalumnum sesquichloride,

di et hyl al um hloride, neth |, umg.nym dj.chl ori.de, , .net hyl al um num
sesqui chl or i E@,%ﬁi et hPRUAIQRR YSERH doh M ARpentiof, At thops nitipss ubich @r¢ ani um

tetrachl ori deapagleCof BMidgcohileal il X suiaBI&l diiin® Widlerha RHoseh bl At fm
sesqui chl ori de being preferred. WO 2004/058828 PCT/ US2003/ 040903 24 [0073]

Lewi s aci ds ¥igth aasomplepy whichnrapistameaqtsvixath dbri olefise ithereby (formingsd gned
weakl y coor di i 1 104 1dGRg AR zrﬁ\{I% i Lew s
acids withi nbﬂﬁ%é%l%ﬁ?@ﬂﬂ%g?ﬁ%hﬂéll nven‘féiseg%sﬁgﬁl at or ﬁ# s}u%l?%?—at ors
useful in t hieOj HENRODOH éwhdreineRi i an atkyl rovp),c Alkgl dalideapaiddheanf bei ng
conpl exed in Ltab i W t.h chaos Lew s _acid. to ield a
conpl ex whi cﬁéﬁi’ﬁ%ﬂ:@?y %m{ hantdheégﬁ’é??%"ﬁ%m%ﬁpgﬁ?ﬁeﬁg al\%re

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.

[0075] 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).

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



propagating polyner chain. Illustrative exanples include Brensted acids such
as H0O HCl, RCOOH (wherein R is an alkyl group), alkyl halides, such as
(CH3) 3CC1, C6H5C(CH3)2Cl1 and (2-Chloro-2,4,4-trimethyl pentane). Mre
recent |y, whigfifosdsh®n metal conpl exes, such as netal | oquwss203d4®dher such
materials that can act as single site catalyst systens, such as when
activated with weakly coordinating Leyjs acids or Lewis acid salts have
been used to initiate isobutylene polynerization. [0075] In one enbodi nent,
the reactor and the catal yst systemare substantially free of water.

Subst anti al | yogfrree of Fﬁfeﬁfedilﬁrdﬁ%fehr}ﬁﬂd@%h@@ﬁ ideRite 3 dra)RM difdRed upon

total weight of the catal yst system, preferab | ess than 20
pref erabl y |é§<§osqﬁlahﬁomle@pﬁ1hy@qoa¢r@péﬁﬁ yAIF@Et&uiﬂﬁérPT@efsmyq@?&ﬂﬂéﬁg@ y | ess
than 1 ppm; (g‘,p water is selected as an initiator, it is added to
t he catal yst to e present at greater than 30 ppm preferably
greater than 40 ppm and even m)re preferably greater than 50 ppm (based

upon tot al | of t ste preferred enbodi nent
the initiat \gfdo%girprl se Beﬁ‘? lé éﬁls 59"#&7‘533’3@# ah&fai%ﬁ and SRRyl i ¢

aci d, a carbexpbiylicaeidd. Fraimples of cabbiyditi aiddaiseful anthilvefin indu@henol , a
tertiary alkyl halide, a tertiary aralkyl halide, a tertiary alki‘l ester, a

tertiary araPfJc %‘éq’erP%POE"e@Pidarbs‘r‘taﬂPIRy?cl%t ﬂéﬁ‘a‘m& 2cidit benzgicapeidkit et her,

al kyl hal i deyjoghydiichid, dRnioRbds¥icdord ﬁ&hdr%‘oeh@&m@%ﬂf@bﬂé&%‘a@xdh |ide. WO
2004/ 058828 PCT/ US2003/ 040903 25 [00771 Preferred hydrogen halite

initiators i sblotedenzeicdrcideandhfloerobrazoic agidr obarticlainprefereedccathpdyldgen i odi de.
A particularly,pp ?ﬂﬁé AR A zigﬁz égﬁtdo %cte+csac%gﬁc99-?lﬂ BLhlcdig, [ 00781

Preferred caf oxylic acids 1 nc I'C an aromati c' carboxylic
aci ds. Exanpl es of carboxyllc acids useful in this invention |nclude acetic

ccid ProPan el & AUSRYLaF oS! MIATLE B eRER Gl -

trifl uoroacekirgcnas itsl caBoxylic 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
chioride, 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 chioride.

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

trichloromethanesulfonic acid and p-toluenesulfonic acid.

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

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



chl orobenzoi ¢ acid, and p-fluorobenzoic acid. Particularly preferred
carboxylic acids include trichloroacetic acid, trifluoroacteic acid, and
p-fl uorobenzoic acid. [00791 Carboxylic acid halides useful in this

i nvent i onyas sosbdssdsar in structure to carboxylic aci deCnusioos/imesos
substitution of a halide for the OH of the acid. The halide may be
fluoride, chloride, bromde, or iodidegswith the chloride being preferred.
Preparation of acid halides fromthe parent carboxylic acids are known in
the prior art and one skilled in the art should be famliar with these
procedures. Ga bwot indh@lick fphrddias skidled il the artt Shbsldi beviesmitiap with Hidseide acet yl
chl oride, acetyl brom de, cinnanyl chloride, benzoyl chloride, benzoyl

brom de, tr iR‘I‘Pﬂeé‘l”S%ceErﬁfe“@ﬁl%‘}fP@é,“tdr M‘i‘i’ér‘ﬁﬁg’éﬂ?l@rﬁ Byvertion inelude yor oacet vyl

chloride and ps e h | ty rl ¢ hal i des
thinllea@ffoa;a emﬁhay}{neg,?gﬁmgd;@i trélR! taiclﬂ&%hﬁn{:aﬁ%g@@iag,

i nclude acetyl chloride, acet de, trichloroacety

t ri f 1 uor oacetoploridpy| triflieremathengsulféryl cleriderand wrtobiahesniforyl chlo&n1 Sul f oni ¢
acids useful as initiators in this invention include both aliphatic and
aromatic sul fonic acids. Exanples of preferred sulfonic acids include

met hanesul f orjpe82fci d, tAlddédhblsonsefit bartkis uinkaition #elwie methanol, ethanol,

trichl oronet hanesul foni c aci d and. p-toluenesul foni ¢ aci(. 081] Sul fonic
aci d hal i des RARp %—momﬂog fwgmﬁﬂ?‘?ngr ; §Vﬁ?¥?ﬁn&n ag{l ﬂl?&%ygr Co]hP]o sul foni ¢
aci ds with thmesatpsuidfat iR 4a aveRidndandiade thRnéH oimdthApmacenteacid. The
hal i de may be fluoride, chloride, bronide or |odide, with the chioride being

preferred. Préimahziphenel:grchlorephanpk grilusropbenelitad.fddspaniativoropbenslioadt sul f oni c

acids WO 20041_3,‘}%@3,%51!@ 4422003/ 040903 26 are known in the prior art and
one skilled inthe”art should be famliar with these procedures. Preferred

sul fonic acid halides useful in this invention include nethanesulfonyl

chl oride, net sul fogyl. bronjde. trichloropethanesul fenyl Loride,
trifluoronet Hgﬁéegiul fon;’;’i(ef?‘,lﬁefdgg‘}rgaeryaﬁ%ygﬁfmglalfgiﬁ‘%lsd'l“ %t'éli/ﬁ u&:%fdgr ?eg%g?y [ 00821
Al cohol s usefdompbiindshégesented by itlerfoinnh belewnet hanol , et hanol, propanol,
2- propanol , 2-nethyl propan-2-o0l, cycl ohexanol, and benzyl al cohol.

flis
R4 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. nis the
number of initiator sites and is a number greater than or equal to 1, preferably
between 1 to 30, more preferably n is a number from 1 to 6. The arylalkyls may
be substituted or unsubstituted. For the purposes of this invention and any claims
thereto, arylalkyl is defined to mean a compound containing both aromatic and
aliphatic structures. Preferred examples of initiators include 2-chloro-2,4.4-
trimethylpentane ; 2-bromo-2,4,4-trimethylpentane; 2-chloro-2-methylpropane; 2-
bromo-2-methylpropane; 2-chloro-2,4,4,6,6-pentamethylheptane; 2-bromo-



Phenol s useful in this invention include phenol; 2-nethylphenol; 2,6-

di net hy] phenol ; p-chl orophenol ; p-fluorophenol; 2,3, 4,5, 6-pentafl uorophenol;

and 2-hydroxynapht hal ene. [00831 Preferred tertiary al kyl and aralkyl

| ni t I at OR?dﬂﬁi/b’ﬁﬁ’zst ertiary conpounds represented by PO®EUSH0MM03bel ow R3
n wherein X is a hal ogen, pseudohal ogen, ether, or ester, or a

nlxture thereof, preferably a hal ogengypreferably chloride and R, R2 and

R3 are independently any linear, cyclic or branched chain al kyls, aryls or

aryl al kyls, preferably containing 1 to 15 carbon atons and nore preferably

1to 8 car bO'I@«lQ'EEpenﬁnie {Haptandiunber nihibll LnditglettSilbedsend i s 3. number
greater than or a% 1' preferably between to 30, nore preferably n

is a nunber fchlome amenfele Thlecldagwa%wlbywnmw béd-tsbwhlorerd auetaylethyl)
unsubsti tut e%gn{eﬁé Hb?t §‘B&£qtchw}b§-rh&}{fl%¥l? %b%ﬁﬂ%&& .5 4. thereto,

arylal kyl is ned to aﬁ a ound conta h™arondt 1°c’ ‘and
al i phati c st numtthylpsota®r ef er r eﬁ-bmkp&,de@-mmnthylmmg | n(ﬁ-amdtaxy-z-

20hI0r0244 ri nethyl br,0 4, 4-tringet hyl ;
2- chl or o- 2- mét tl BB %he: %Q ?ﬁ%‘/% ﬂ‘%ﬂfﬁn&pane Fac Jong'zntffg%-
2-chl or o- 2, 4, pénfamethpEeptanest hQLﬁvﬂﬂé)ﬂQﬂA 8,6 penEmetiiihepradd; 05 88a8toxy-1-
PCT/ US2003/ 040903 27 2,4,4,6, 6-pentaneth

| hept
1- chl or o- | - méngihyleh ?%E?Fzér?é“t&yadéﬁﬁ‘g%é o EﬁéﬁﬂhlleIFFIeB?Qd&‘\’i)‘fqlbenzene; 1,
4-bi s(1- chl org@eeyrehinalyedamy )ben%gz S¥Brt-batyl- ?fatblitut1>§cet$z(f>-1t}hétﬁyleth1

1-chl oro-1| - et hyl'et hyl) benzene acetoxy-2,4,4- tri | pent anée ;
2- benzoyl oxy-benzeng; tri ﬁenﬁtbﬂwe?ﬁ&ﬁmne@}’beﬁa@xy 23 rret?r}ﬂlopmp’&h%‘i‘?-

> benzoyl -2 By BAEEe DR GREAIHEng 2 9&@01‘»"5 b B ene:
| - aceot xyadanmtlmnyez 4,4bﬁqm;ahmx}wﬂidp;ahaenzene 1, 4- biZsiédpropoxy-2,4,4,6,6-

i? :Eg?g;;: F?t Lo h h{e benze methoxyt- qgn%th?rféh&ﬁelﬂe%é;bl ls-l(nethoxyadamantane;

l-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.

[0084] Another preferred initiator is a polymeric halide, one of R}, R2 or
R3 is an olefin polymer and tﬁe remaining R groups are defined as above.
Preferred olefin polymers include polyisobutylene, polypropylene, and
polyvinylchloride. The polymeric initiator may have halogenated tertiary carbon
positioned at the chain end or along or within the backbone of the polymer. When
the olefin polymer has multiple halogen atoms at tertiary carbons, either pendant
to or within the polymer backbone, the product may contain polymers which have
a comb like structure and/or side chain branching depending on the number and
placement of the halogen atoms in the olefin polymer. Likewise, the use of a
chain end tertiary polymer halide initiator provides a method for producing a

product which may contain block copolymers.



benzene; 2-nmethoxy-2,4,4-trinethyl pentane ; 2-isopropoxy-2,4,4-
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 hyydaiei/essgis 1- met hoxy- | - met hyl et hyl benzene; 1- RETNEOP3ERIPENt ane;

1- met hoxyet hyl benzene; 1, 4-bi s(1-nethoxy-I|-nethylethyl) benzene;
5-tert-butyl- 1,3-bis( 1-nethoxy-I-nethylethyl) benzene and
1,3,5-tris(l-chloro-l-nethylethyl) benzene. O her suitable initiators can
be found in US patent 4,946,899, which is herein incorporated by reference.
For the pur pqeess]of thif’sruicmtﬂrﬁ&rﬁlﬁhmh&s mhypibesariyhef ehose paefutiahal ogen is
defined to be any co ouynd. t hat Zi , |soc anate, a thlocyanate
an i sot hi ocy&RHemc gpl eE%‘l‘?Pd’ Wﬁ’% ﬂ?fgwﬂgﬁ inghyding: ﬁmﬂﬁ? ehlgrds s a

pol yneric halmﬂomm}m@fim&hyl Edar! Ra-dhﬁar@@ -RetRYIbRdpif, Y BN -@fidlodine

remai ning R groups are eflned as above. Preferred olefln pol ymer s .i ncl ude
pol yi sobut y| erethyletby\penzsns; laadmetbara).  pol yvi nyl chl ori de. The pol yneric
initiator may have hal ogenated tertiary carbon positioned at the chain end

or along or within the backbone of the polyner. When the olefin polyner has
mul ti pl e hal dgﬂﬁﬁ]at ons C:atalytselsyétan)con@bhﬁmm u:eﬁllhmrthmen:dramion typicallyw t hi n t he

pol ymer backbone C ner.s. .whic a onb |ike
structure andPBPHSs gg) gﬂ %’Faﬂﬁ‘éh&g B'Fﬁ&?‘ CURIBIRE, El{%ﬁe?reffﬁﬂg pl acenment
of the “hal Og%ﬂlb%Hﬁﬂ&t,lﬂ% L&gis Q&l&fcbiﬁltﬁﬂirymsenLMWef@ﬁo&f&Boﬁtfiﬁl fbled chain
end tertiary poly hallde i.nitiator provides a nethod for producing a

product whi cﬁmﬁﬁéyﬂledmlaﬁ Af fpitiater prsprst Jerebaut ARG boew thsswgles abdmitiaksr 003/ 040903
28 10085] Pargrisehl 3h b Yurlle? b chibbdibRhp b 11 Red Bt 1s i@ﬁeful in

cationic polynerization o I sobut'yl'ene copol yners i nc gen
chloride, 2-ashwhere fipmightut 0 B nmesnmepmicmfemtlatocmemtozahmt mltrpcs;qbane

commost ¢ one TOBY bFHRRHUSRESIE, oY st e d BT8R i

COprOSI ti ons ‘usé I'nitiator
and (2) a Levanywhaecfrcmolamlituw]t mbles [per Hteplt@iab(rutdtﬂ rnoles per hter It is of

course understood that greater or lesser amounts of initiator are still within the

scope of this invention.

[0087] 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.

[0088] Catalyst systems useful in this invention may further comprise a
catalyst composition comprising of a reactive cation and a weakly-coordinating
anion ("WC anion" or "WCA" or "NCA"). The catalyst composition comprising
the WC anion will include a reactive cation and in certain instances are novel

catalyst systems.

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

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



enbodi nent, the Lewis acid coinitiator is present anywhere from about 0.1
noles tines the noles of initiator present to about 200 tines the noles of
initiator present. In a further preferred enbodinment, the Lewis acid

coi ni ti at ¢fg 284/MegweENt at anywhere from about 0.8 ti nBETURWOHMIYUS of
initiator present to about 20 tinmes the noles of initiator present. In a
preferred enbodinent the initiator is ppesent at anywhere fromabout 0.1
noles per liter to about 10.6 noles per liter. It is of course understood
that greater or |esser anpunts of initiator are still within the scope of
this inventi omeaklyQ@8rdinating amunst indludehe calkgltyspergafilomyphenyly | bordepend on
desired nol ecul ar wei ght and nol ecul ar wei ght distribution of the polyner
bei ng  pr odudBB(pip)an), tettapsriiuerephentitperoni (Blpfpda ) tetrapexfuoroplienylugiinh es per
liter to 3 Xx 1({)‘2 | es per, liter and t preferably from10-4 to 10-3
mol es per | i ts8foorqngy dglogenated cathoranss, e ket The qation k5 agy catiasthatsan nay
further conpridydes & olelh & fsiie £ LHPSSRLSA ON conprising of a reactive cation and
a weakl y-coordinating anion ("WC anion" or "WCA" or "NCA"). The catal yst
conposition conprising the WC anion will include a reactive cation and in

certain inst are : I ;glgsﬂ lyy - rdi nating
anion is def ia[ggﬁﬁas an@%ggﬁnﬁa&?ﬁ@él?%é? oeeséagigﬁ%&@%ﬁéf%n@ggt he cation
or which is weakdsy of ontinkiry akifldn ttiee drh eFaradxiamplesinch prefeered efmbodimentthe S

functi oni ng the stabilizing apign ip this inventian,the does not
transfer an aWComian if HAfuCRd ‘g'P tgﬁglzlief‘{]ﬁean‘foni‘li’?“{‘ﬁ@"r&a&ﬂng ofhr%ga%‘?’éati ng a
neutral by- pr@agdusé catiorOinh@e foRh lof Fhe SHVDQEANst E¥stiner 1R dnekaplefire@f such WO
2004/ 058828 PCTI US2003/ 040903 29 weakl y-coordi nati ng ani ons i ncl ude:

al kyl tri s( perfrdrrims prrompryition cenainingthe WS guipn degmapics firddreaisAday | bor on
(B(Pfp)a-) .t ehsaRekld ﬁﬂ&@&%@#@éﬂé%ﬂﬁ@ cafigh 995&9@@ califh eaﬂemgmar bor anes
and the like.” The cation is any cation that can add to an olefin to create
a car bocat i oranignd98¢tivatede Lakeiwise thalVbanicwmpy he dctiviated withoutthe preserisy  any

et hod known 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

[0091] 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 singie metal or metalloid atom are,
of course, well known and many, particularly such compounds containing a single
boron atom in the anion portion, are available commercially. In light of this, salts
containing anions comprising a coordination complex containing a single boron

atom are preferred.



to those of ordinary skill in the art. For exanple in a preferred enbodi nent
the WC anion is introduced into the diluent as a conpound contai ning both
the anion and the cation in the formof the active catalyst system In

anot her pr&d flok/Gs2s€nbodi nent a conposi ti on cont ai ni ngPCIAISING/BAIPSN f r agnent
is first treated to produce the anion in the presence of the cation or
reactive cation source, i.e. the aniongis activated. Likew se the WC anion
may be activated wi thout the presence of the cation or cation source which
is subsequently introduced. In a preferred enbodinment a conposition
containing the anion and a conposition containing the cation are conbined
and allowed to react to forma by-product, the anion and the cation.

Weakl y- Coor di[#822Ing Animgenerab & Clanmay mag ba reperseried by theifollewing senstel capabl e of
form ng an ang,gnijg. conpl ex which is incapable of transferring a substituent
or fragnent to the cation to neutralize the cation to produce a neutral

nol ecul e may be used as the[dmyna@LgQﬁﬂ+n addition any netal or netalloid
capabl e of form ng a coordination conplex which is stable in water may al so
be used or cowles¢ined in a conposition conprising the anion. Suitable netals
i ncl ude, but are 3@L Iin%%ed to al.umnum gold, platinumand the I|ike.
Suitabl e netal | oi dd F AR Mm@l & not Iinmited to, boron, phosphorus,
silicon and the | igeto Qe Ndgepeidtngy,Nbiidked NbrO Bfbridyes MydfigeRadisdds,

coordi nati on conpl exes containing a single netal or netalloid atomare, of
course, wel | dialkylamidod radicals, plwokideuland | grybutde aadipasndydwoarbei mndg a si ngl e

Chi o sarts ebiiuRfhRGodRbv Sy Syt 2P0 b aiES PaReakit Pdiesls nt o ni ng
a single bor amd hytoearbylenatafeibeckub)MEuied ORGSR AR PERidE2R034P4R003 30

0092] In general, WC ani ons_nm e represepnted by the follow n ener al
1[0rrm} a: [?Mlamqjmqrp@?fll&peonllc/o  may eaﬁlaﬂéeradicZI; mne g

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.

[0093] 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, CpsZrMe; may be combined
with a composition comprising the anion (WCA-R™) where R acts with a Me

group to leave the CppZrtMe WCA- catalyst system.

[0094] Preferred WC anions comprising boron may be represented by the
following general formula:

[BArjArpX3X4]"
wherein:

B is a boron in a valence state of 3;

Ary and Arp are the same or different aromatic or substituted-aromatic

hydrocarbon radicals containing from about 6 to about 20 carbon atoms and may
be linked to each other through a stable bridging group; and



wherein: M is a netal or netalloid; Q to O 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 gy halexegusby! radicals and hydrocarbyl and hBCBYEBI40Ybst i t ut ed
organonetal l oid radicals and any one, but not nore than one of QI to
may be a halide radical; mis an integef representing the formal val ence
charge of M it is the total nunber of ligands g, and d is an integer
greater than or equal to 1. [0093] It is of course understood that the

ani ons descri bed a%v&da]xq abeg| @ Jerdl®, A3AHE€ N raBRAIRN 3§ Hroshrbl an@osi tively
i's

char ged conponent renoved before the anion acts with the cation.
The sane is tsuhmtrited-hnkoaa:h]é rattiws;rhaﬂmdrbybandjsnbsmndfd hdbecachyl omdicalsor

| d i . i Si h i
VA Ry whoroRpaRy o, SR E Sl aSRRGRlold, ST it "ot al ot
system [009 d?ég%ﬁ&a&eﬂs,\/yabﬂnmmhaemgenlrs&ws led ealidayadials) athement ed by

t he foIIovmng ge Ar 1 2XX4] wherein: Bis a boronin a
val ence st at Prgfisost at%ia“é?gyﬂ%& %ﬁ@ 2E UHeE f er ent aromatic or

substituted-aromati c hydrocarbon radi cal s containing fromabout 6 to about
20 carbon atons and may be linked to each other through a stable bridging

group; and WH0@9E)4/ 05882 Gerdecal/ N2 BB AR RO 3indebkndehtlgbe ¥dy aromatic of
i ndependent |y, hydride radicals, hydrocarbyl and substituted-hydrocarbyl
radi cal s, halsvbsiiiggd-aramatie birdrocarborerdicall cﬁmtalhiy laronzedicaadisals inelnde.om@ar byl - and

hal ocar byI - su bg Bckttlllfﬁl%g tt? rpggny(i’ n%})ﬁtlnyloang ant%rdacg yl %&dl(%iss %tgblte szub%gtuents

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

carbon atoms bonded to the boron atom. When either or both X3 and X4 are a

hydrocarbyl radical, each may be the same or a different aromatic or substituted-
aromatic radical as are Ar; and Ar), or the same may be a straight or branched
alkyl, alkenyl or alkynyl radical, a cyclic ‘ hydrocarbon radical or an alkyl-
substituted cyclic hydrocarbon radical. As indicated above, Arj and Ar could be

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

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

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



pni ctogen radi cals, substituted chal cogen radicals and halide radicals, with
the proviso that X3 and X4 will not be halide at the sane tine. [0095] In
general, Arl and Art may, independently, be any aromatic of

substi t ut gy RHEERC hydrocarbon radical. Suitable ar oReTUBZNHEOVA s
include, but are not Ilimted to, phenyl, naphthyl and anthracenyl radicals.
Sui tabl e substituents on the substituggd-aromatic hydrocarbon radicals,

i ncl ude, but are not necessarily limted to, hydrocarbyl radicals,
organonetal l oid radicals, al koxy and aryloxy radicals, fluorocarbyl and

f 1 uor ohydr oc apRyburddd @k GalliSastadfill REmbpbiiRls TeflRindiy SIS RMetaliSHf MbtaRSids3 and X4.

The substituent nay be ortho, neta or pars, relative to the carbon atons
bonded t o t havaylst b readidrrapnaree te thopepkiled inohh astFrom dhexdpregoingagenbmalir ocar by
radi cal , eacly; . @&}B@parere or a different aromatic or substituted-
aromatic radir&(l:a g%%gge ri"and Art, or the sane may be a straight or
branched al kyl, al kenyl or al kynyl radical, a cyclic hydrocarbon radical or

an al kyl - su it uted cycli.c .hydrocarb adi.cal . As .indi cated apove, Arl
and Art coul 8&@@ i nk p?‘?)““é‘#%é’rr&a °‘§3" AP} §EPPYSIE PN & Rby al so be
linked to eagkpredehRd by tHerfollgking generd] dthmlder i dgi ng group. [0096]
[l1lTustrative, but not limting, exanples of boron conponents which nay be
used as WC anions are: tetrB&6E58Qbor on compounds such as
tetra(phenyl)RQoron, tetra(p-tolyl)boron, tetra(o-tolyl)boron,

t et r a( pent af "W ¥bhenyl ) boron, tetra(o, p-di net hyl phenyl )boron, tetra(m m

di met hyl phenyl ) bolrog flubfind, Q isfdakth QAR 1) uh e a2k iefifkd #dde tMasttike. [ 0097]
Simlar lists of suitable conponents containing other netals and netall oids
whi ch are usdutmoydimjng, sxamplesef these preferredy |, WG ampons; compriging bpsen  deened

necessary tO eyt o Ghasu05s o dblY By GARN subll a5yl Bigymot ed that

the foregoing T1st 1s'not Intended to be exhausti've and that” ot her useful

boron WO 2004068838 op@henybp0 981640 $038 polsmeno hpdraerdbyl 2of indeifinite shaig ef ul

o Those ski B PREAREAEER BubBbrfE bEbP eibpelipiiiaftt T aci Ly apparent

[0099] 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.

[00100] WC anions containing a plurality of boron atoms may be
represented by the following general formulae:
[(CX)aBX)mX"b]c-
or |
[[[(CX6)a(BX7)mXB)blc-]2Tr+]d-
wherein:

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



di scussion and formul ae. [0098] A particularly preferred WC ani on conpri sing
boron may be represented by the follow ng general formula: [B(C6F5)3Q -
wherein: Fis fluorine, Cis carbon and B, and Q are as defi ned above.

|11 ustrat gdrooélsssgot | imting, exanples of these prefeCTAE200044¢50ns
conprising boron triphenylnethyl salts where Qis a sinple hydrocarbyl such
as nmethyl, butyl, cyclohexyl, or phenyh or where Qis a polyneric

hydr ocar byl of indefinite chain |ength such as pol ystyrene, polyisoprene,

or pol y-paranet hyl styrene. [00991 Pol yneric Q substituents on the nost

preferred anion offf gra thsiticOmenl, Ge&eably giufig9, %rhb%émb?féfé%lﬁ

i on-exchange activator conponent ‘and finall catalyst. Solubl'e catalysts
and/ or pr ecurekek cobalt asfivosn preferred over insoluble waxes, oils, or solids

because they can b .desired concentration and can be
transferred easil g%ﬂg%’ﬁgé@?eﬁfgﬁggaoéqui pment in conmercial processes. [001001

WC ani ons cont ai nicigamingdger:allj ty of boron atons may be represented by the

foll owi ng general fornulae: C BX. ) nX" b] c-. .or i

[[[ (CX6) a( BX7) n( x§)*1§‘i 2?-"]'2%‘?%&!1‘)*%63%%}’%‘?%@!”?,2 txabout&: %7 and xg are,

i ndependent |y, hyagu is3@ ihtegdr¢aiging filsth 5@&eabougel;cal s, hydrocarbyl radicals,
substi t ut ed- hydr ocar b¥,l radi cal s, hal ocarbyl radicals,

subst it ut ed- hal oc&@8§ arailie sapeor axfilfergat iBe8#Tbl - or hal ocar byl - substi t ut ed
organonetal | oi d r%qéﬁnf‘inﬁé 2004/ 058828 PCT/ US2003/ 040903 33 T is a
transition netal, pre er&b v a group 8, 9, or 10 netal, preferably

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

m is an integer from 6 to about 12;
n is an integer such that 2¢ - n=d; and

d is an integer > 1.

[00101] 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]ex-
wherein:
ax is either Q or 1;
cx is either 1 or 2;
ax+cx=2;
bx is an integer ranging from about 10 to 12; or
(2) A borane or carborane or a neutral borane or carborane compound
satisfying the general formula:
[(CH)ay(BH)my(H)bylcy-
wherein:
ay is an integer from 0 to 2;
by is an integer from O to 3;
cy is an integer from 0 to 3;
ay +by +cy=4;

my is an integer from about 9 to about 18; or



ni ckel, cobalt or iron; a and b are integers >0; <c is 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 sanme or a different integer O; c is an
i Nt eger >wdotiossfst C = an even-nunbered integer fronPdT/URBHYHW3I8; mis
an integer from6 to about 12; n is an integer such that 2c - n =d; and d
Is an integer > 1. [00101] Exanples of 3preferred WC anions of this invention
conprising a plurality of boron atons include: (1) A borane or carborane
ani on satisfyi ng the general formula: [(CH)ax(BH)bx]cx- wherein: ax is

either 0 or 1; CS@%' S R'rﬁéﬂﬁfabéraﬁéoﬁmetam&m&raﬁe ameSséti%f)iiﬁgﬂlgtfﬁHﬁ\ﬁng angi ng
fromabout 10 to A borane or carborane or a neutral borane or

car borane conpound sa&qné fomgulahe general formula: [ (CH)ay(BH) my(H) by] cY-
A integer fromo to 3 ayiBGHEI R E P S%regﬂoﬁnr about 9 to abgut
18; or wherein:

az is an integer from 0 to 2;

bz is an integer from 0 to 2;

¢z is either 2 or 3;

mz is an integer from about 9to 11;

az+bz+ cz=4; and

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

[00102] 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-.’?,8-dimethyl—7,8-dicarbaundecaborane,

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

Metallaborane anions such  as bis(nonahydrido-1,3-
dicarbanonaborato)cobaltate(IlI),  bis(undecahydrido-7,8-dicarbaundecaborato)
ferrate(I1), bis(undecahydrido-7,8-dicarbaundecaborato) cobaltate(I1I),
bis(undecahydrido-7,8-dicarbaunaborato) nickelate(IIlI), bis(nonahydrido-7,8-
dimethyl-7,8-dicarbaundecaborato)ferrate(I1I), bis(tribromooctahydrido-7,8-
dicarbaundecaborato)cobaltate(TII), bis(undecahydridodicarbadodecaborato)
cobaltate(IIT) and bis(undecahydrido-7-carbaundecaborato) cobaltate(III).

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

boron, tetrapentafluorphenyl boron anion and / or two or more



WD 2004/ 058828 PCT/ US2003/ 040903 34 (3) A netall aborane or netall acarborane
anion satisfying the following general formula:

[[[(CH) az(BH) ne(H) bzl CZ- 12Wnz+l dz- wherein: az is an integer fromO to 2

bz is an {yf ReeJsss260Mm 0 to 2; cz is either 2 or 3; nePCHUSNYHPWer from
about 9 to 11; az+bz+cz=4; and nz and dz are, respectively, 2 and 2 or 3
and 1. [00102) Illustrative, but not |ggnting, exanples of WC anions

i nclude: carboranes such as dodecaborate, decachl orodecaborat e,
dodecachl or ododecabor ate, 1-carbadecaborate, 1-carbadecaborate, 1-

trimet hyl si | wispéntafhideasteaabioran @nioBograie evveleaty hondine acasiibb¥miend sal ts
of borane and carporane anions _such as, decaborane(14),

7, 8- di car bad &k AEpOrgRericcompley f paRisiendecabor ane( 13) ,

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

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

Met al | abor an&atipiie gemponehdt as bi s( nonahydri do- 1, 3-

di car banonabor at o) cobaltate(l11), bis(undecahydri do-7, 8-di car baundecabor at 0)
ferrate(l11), bis(undecahydrido-7, 8-di carbaundecaborato) cobaltate(lll),

bi s(undecahy@0idd} 7, 8- th vasicheprafeired ambydimentk of thisdfiventipn thei WCraaivaly dr i do- 7, 8-
di met hyl - 7, 8- di car baupndecaborato)ferrate(l11), his(triRronooctahydrido-7, 8-
di car baundec &BBPRFS)EEHLANG Xt BOF] %3“01"5&?{ é%%%ﬁf@dﬁé’ﬂo@%ﬁ?%glﬂﬁﬂ%\égbor at o)
cobal tat e( I | lchtice AndPEfiod Re@eahydr i do- 7- car baundecabor at o) cobaltate(ll1).

[ 001031 The WC ani on conpositions nost preferred for formng the catalyst
systemused in this process are those containing a trisperfluorophenyl

[00105] Some preferred classes are:

(A} cyclopentadienyl transiion metal complexes and
derivatives thereof.

(B)  a substituted carbocation whose composition is represented
by the formula:

wherein R1, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably Cj to C3( alkyl, aryl, aralkyl groups or derivatives thereof;
(C)  substituted silylium; preferably those represented by the

formuia:

wherein Ry, R 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
(E) cationic compositions of germanium, tin or lead, some of

which are represented by the formula:



boron, tetrapentafl uorphenyl boron anion and / or two or nore WO 2004/ 058828
PCT/ US2003/ 040903 35 tri spentafl uorophenyl boron anion groups coval ently
bond to a central atomic nolecular or polynmeric conplex or particle.

Cati oni ¢ GRyReNeRss[ 00104] In various preferred enbodi RENUS2003/040903 5
invention the WC anion is conbined wwth one or nore cations that are
selected fromdifferent classes of catgons and cation sources. [00105] Sone
preferred classes are: (A) cyclopentadienyl transition netal conplexes and
derivatives thereof. (B) a substituted carbocati on whose conposition is
represented by the fornula: RIL RZ CGR3 wherein RI, R2 and R3 are hydrogen,
al kyl, aryl, aral kyl groups or derivatives thereof, preferably Cl to C30

al kyl, aryl, aral kyl groups or derivativ thereof; (C substituted
silylium preferably those represent ed—by+the. fornula: R2 S+-P3 wherein RI,
R2 and R3 are hydrogen, alkyl, aryl, dralkyl :broups or derivatives thereof,
preferably d to C30 al kyl, aryl, aral kyl groups or derivatives thereof; (D)
conposi ti ons weepebRy, &) gdnRy atei hygiregeps dkdn aryh rdalk#l) growpsi @mdecivativeposi t i ons
of germanium tin or |ead, sone of . whjch are represented hy the fornmula: WO
2004/ 058828 I-"@FF@%@WWGD tmC3palkydyaryl, aralkyl groups or derivatives thereof, and

R* is Ge, Sn or Pb.

A. Cyclopentadienyl Metal Derivatives

[00106] 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 transition metal compositions,

particularly a zirconium, titanium or hafnium compositions.

[00107] Preferred cyclopentadienyl derivatives (cation sources) that may be

combined with weakly-coordinating anions are represented by the following
formulae:
(A-CpMX;H,
(A-Cp)MLY;
Cp*
y—3r

|
CpR



R2 R* -R3 wherein R, 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 Cycl opentadienyl Metal

Deri vat i ve® J6ase8s Preferred cycl opent adi enyl transi t PGRHUSRBIAMONEr i vati ves
include transition netals that are a nono-, bis- or tris- cycl opentadienyl
derivative of a group 4, 5 or 6 transgtion netal, preferably a

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

haf ni um conposi tions. [00107C Erefer ngl cycl opent adi enyl derivatives (cation
sources) that may be conbined wth akl y-coordi nating anions are
represented by the follow formul ae™(A- Cp) MXf +; (A-Cp)M+; p* | Y-
| CpR WD 2004/ 058828 BOTYS2003/ 040903 R7 (5 HS-Y-x Sx) \ z (z-1-Y) ';

and (5 HS-Y-x Sx ) M R.%XY /

JR! (Z"l-y) Y;and

(¢ Hs_y_x 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 radicais, or Cp and Cp* are
cyclopentadieny! rings in which any two adjacent S groups are joined forming a
C4 to Coq 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 (CsHs.y_xSx) and JR'(z-1.y) groups;

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

yisQorl;

(C5H5.yxSy) is a cyclopentadienyl ring substituted with from zero to five
S radicals;

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



wherein: (A-Cp) is either (CpXCp*) or Cp-A -Cp*; Cp and Cp* are the sane or
different cycl opentadi enyl rings substituted wth fromzero to five
substituent groups S, each substituent group S being, independently, a
radi cal gsavspoxbessds i s a hydrocarbyl, substituted-hydr 8BCEUBLM03/04090&| ocar byl ,
substi t ut ed- hal ocar byl , hydrocarbyl -substituted organonetall oid,

hal ocar byl - substituted organonetal | oi d,38di substituted boron, disubstituted
pni ct ogen, substituted chal cogen or hal ogen radicals, or Cp and Cp* are
cycl opentadi enyl rings in which any two adjacent S groups are joined form ng
a C4 to C20 ring IRy, giyés @hétadodtoni Bghndiin whivhtllis atgroupd$ yleyeht with a

cycl opentadienyl ligand; R is a substituent on one of the cyclopentadienyl
radi cal s whi cieoidinatips pumberrafdhiret or alzoupeltatiemerdrwithpa cogrdination ngmbey gr oup,
whi ch group restri ' e Cp and Cp* rings or

( C5H5-y_xSx) rsg?dﬁrgf@("%?{’@%’gé’gﬁ’%ﬁ%‘%‘?ﬁ%m%&g%g°8%‘8§%’ 4, 5, or 6 transition
nmetal; vyisOorl; (RCasbhydrs&xhyligioup, pryfelabbeaiaidilerodp; ri ng substituted with
fromzero to five_,S radicals, ,x is from0O to 5 denoting t degr ee of
substitution; WD 36(5’3718&88?8 CU%Z’%B‘I‘ dﬂ'@@%ﬁ% rag???’\]hy%rg’gggﬁ) 1§ "lg

het eroatom | i | | ' WM l.pation
nunmber of t hrsggﬁgl#t&pah rg‘%?)b)?éé%?ag’nl%;ﬂ%%%%dghggﬁ%w#gtI{ibcl)%aﬁbggg%d?caﬂof 2,
pref erabl y nidnddgdrcarbie apd dulesarbybepbsituted omgahdmetatld! radical, supstitatedr by|

group, preferably an al kyl gr X nd Xl .are independently a hydride
radi cal , hydr%ﬁ%%?@ﬁ%?@ioéﬁg?sag&%éﬁﬁ?%ﬁ‘éﬂd‘%F{}%ar byl radical, hal ocarbyl
radi cal, substi tutield ahalefiédibi¢fin bRghySdligand 2ot d niehl §eidhEse. and

hal ocar byl - substituted organonetal |l oid radical, substituted

[00108] 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

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

Preferred examples include substances that are represented by the formula:

Rll

Ry—C—R,

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

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, R

and R3 are phenyl groups, the addition of an aliphatic or aromatic alcohol
significantly enhances the polymerization of isobutylene.



pni ct ogen radical, or substituted chal cogen radicals; and L is an ol efin,
diolefin or aryne ligand, or a neutral Lewi s base. [00108] Additional

cycl opent adi enyl conpounds that nmay be used in this invention are described
in US. aﬂﬁﬂﬁu g D, 055,438, 5,278,119, 5,198,401 aneCT/650@B4P8Y, whi ch
are incorporate y reference herein. B. Substituted Carbocations [00109]
Anot her preferred source for the catio?%is substituted carbocati ons.
Preferred exanpl es include substances at are represented by the fornula:
Rl RZ CR3 wherein R, R2 and R3 are independently hydrogen, or a linear,
branched or cyclic aromatic or aliphatic groups, preferably a d to C20
aromatic or aliphatics group, provided that only one of R, R2 or R3 nay be
hydr ogen. | nCaSpbstifhted Silyliverfdmddnsrent none of RI, R2 or R3 are H Preferred
aromatics include phenyl, toluyl, xylyl, biphenyl and the like. Preferred
al i phatics include nethyl, ethyl, propyl, butyl, pentyl, hexyl, octyl,

Inonyl , decyl l,[ﬂmli.!d]ecyl f1113 rm&th%ﬂbpgfﬁ:f_ stked 3,e&.b5direrehi, gitfbyﬂitg&&yl si&;ﬂmnthhe : i ke.

n a particularly preferred enpodinment, when , an .are pheny
groups, the aatapmﬂ%m&rﬁ%w Fﬁﬂwe%w%n%ﬂwsﬁlp%ﬁr&co Wit ant | y
enhances 't he weAXRRpbicabliA mdlonlet o MbREEH 81y 1IN G Ao BRAS dBreb AP 003/ 040903
39 C Substituted SiTylitum Cations 1001101 I n anot her preférred enbodi nent,
substituted &ytheformulaconpositions, preferably trisubstituted silylium
conpositions are conbined with WCA's to pol ynerize nononers. Preferred
silyliumcations are those represented by the formula: RIL R2-Si R3 wherein
R1, R2 and R3, are independently hynggen, or a linear, branched or cyclic

Ro—Si—R
2 —l} 3

wherein R;, Rz and R, are independently hydrogen, or a linear, branched or ¢yclic
aromatic or aliphatic group, with the proviso that only one of R;, R; and R; may
be hydrogen. Preferably, none of R;, R; and R; are H. Preferably, R) Ry and R;
are, independently, a C; to Cy aromatic or aliphatic group. More preferably, R,
R; and R; are indepeindently a Cy to C; alkyl group. Examples of useful aromatic
groups may be selected from the group consisting of phenyl, tolyl, xylyl and
biphenyl. Non-limiting examples of useful aliphatic groups may be selected from
. the group consisting of methyl, ethyl, propyl, butyl, pentyl, hexyl, octyl, nonyl,
decyl, dodecyl, 3-methylpentyl and 3,5,5-trimethylhexyl. A particularly preferred
group of reactive substituted silylium cations may be selected from the group
consisting of trimethylsilylium, triethylsilylium and benzyldimethylsilylium.

[00111] For a discussion of stable forms of the substituted silylium and
synthesis thereof, see F.A. Cotton, G. Wilkinson, Advanced Inorganic Chemistry,
John Wiley and Sons, New York 1980. Likewise for stable forms of the cationic
tin, germanium and lead compositions and synthesis thereof, see Dictionary of

Organometallic compounds, Chapman and Hall New York 1984.



aromatic or aliphatic group, with the proviso that only one of Rl, R2 and R3
may be hydrogen. Preferably, none of Rl, R2 and R3 are H Preferably, R R2
and R3 are, independently, a Cl to C2o0 aronmatic or aliphatic group. Mre

pr ef er abl )%oﬂw sskxe and R3 are independently a Cl to CpCaiugiio3/enopdp.

Exanpl es o use?ul aromatic groups may be selected fromthe group

consi sting of phenyl, tolyl, xylyl andgagbi phenyl. Non-limting exanpl es of
useful aliphatic groups may be selected from the group consisting of

met hyl, ethyl, propyl, butyl, pentyl, hexyl, octyl, nonyl, decyl, dodecyl,
3- et hyl pent yib, @adlpesithorbCipable®F Gehdigigla Prétoparticul arly preferred group of
reactive substituted siTyltumcatrons may be selected fromthe group
consisting of trinmethylsilylium triethylsilylium and

benzyl di et h j1tby! i um } i : of the
substituted }sl[lb?iylHIum a#dfoﬁéﬁéesﬁgﬁeﬁg?%%%%gggﬂgakd%cﬁﬁlgﬁ?%\wwI ki nson,
Advanced | normgetoi cvi@needmsbingd withothe wiaklyycoardinaSog saniddear ¥osdmpbSiBon Li kewi se

for stable faorps. LOn4-C .. ti ge i.um and | ead. coppositions and
synt hesi s thecrmg%\m?&gséle\gﬁ&g{'l&%’%%n fﬁio& ggggg%t% i%(? %%'ﬁ'i%@n%@fl tBﬁapmam and
Hal | New Yor kedcti8d of \WEtabl)ddrbsedfiatBsaRGilhithl Safififs @400 -cobflliddtingomgmesi ti on
Capabl e of Ceneyat., a Pro or;ff&’ga?lﬁzam fourth sourc& for the cation is any
conpound t hat™ ePlPhlﬁ BuoR g w OACNGT @RCIOH RITSFHE &P RiPHyFe thfsproton an

weakl y- coor dith@ichR&kpaRiing b?fpr@d&?rtaﬂ&' inl @B caSOBY ahMI1ghoP o¥PREI0Y -a6@0T di nat i ng
anion. Protons may be geneiated fromthe reaction of a stable carbocation
salt whi ch cctrolphia the gaserf yatedo Suehrgedtiog mayde-rrefeaedinghs pvent At e with

water, al cohqje%cggn BP%?tafb%%e ?1&%1* Es(r)]fa.flﬁxo\gfﬁ? fhe! @oHJtQ& C(')tﬂ%fjas g?ﬂlgﬁrg%m and

correspondi ng -pro e case ‘'of an a
al cohol i n t heitlcdsmacionwitlethy olefinc Dthe podtow generating eegstanfsdneladt thivlg, he event

L e ve on Ao Pupked e P ARECSRs Bkl A SRR bR e
generating r agsd @idlgsts. NCh d@artichlafly preferfedrdpiborinieit,athiedl R |, RAChntl IR drk Ke.

Simlar chemstries may be realized with silylium type catalysts. In a
particul arl y phesflegnoeps, ehb additiemtof amhaliphRtic oR2arematicR8lcalred significantly

enhances the polymerization of isobutylenc.

[00113] 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

[00114) The Cp transition metal cations (CpTm™) can be combined into an

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



phenyl groups, the addition of an aliphatic or aromatic al cohol
significantly enhances the polynerization of isobutylene. [00113] Anot her
nmet hod to generate a proton conprises conbining a group | or group 2 netal,
pref er abl deido?bdéﬁis with water, such as by neans of i npaTwszeos/addbident, in
the presence of a Lewis base that does not interfere with polynerization,
such as an olefin. It has been observeg;that when a Lew s base, such as

i sobutyl ene, is present with the group i or 2 netal and the water, a proton
is generated. In a preferred enbodi nent the weakl y-coordinating anion is

Shen t he or oupuupiogE e FaTa il arBid seemoed Ehmeivae i Bar JuE " 2
Cycl opent adi efigtl rddoRNdi FdriD H\ﬁﬁradlucﬁwﬁﬁoﬂﬁdﬁct{vgo1wizédk1§[b@3r&ﬁaﬁﬂgan?dii.i on netal

cations (CpTm | can be conbined into an active catalyst in at |east two
ways. A firstLiketvibgdhé €pT+conipowsl may elsp beditedld Q@dibihdd>8HIP the WCA-

PCT/ US2003/ 040903 .41 conprising the Tmt. W .t h.a,second., cogpaund conpri sing
the WA~ whi cff IOEnAlE PEEE Catays Syiihy TP GRL (LA HE SabfigE with the
"weakl y- coor dj L.hg ik } i1S£, 1t T I be
directly congrilaﬁgxgbdv%\ng{lrfg C(Ee lmdgfdghf%r%}{&ﬁlg%}c@g%ggg a%%{mg@t Z"?n

Typi cal | y t heW{iBA alse wonki the grasti¢eofithiginverdionon/ cati on source in ratios of 1
to 1, however ratios of 100 to 1 (CpTm+ to WCA) also work in the practice
of this invention. [00115] Active cationic catalysts can be prepared by
reacting a tr@oEis}i on Aweivélcattepiad Catalgstyvednhbe pieParee Wiyl @hcting W Gardftiols, such as
B(C6F6) 3n, which upon reaction wth_a hydrol yzable ligand (X) of the
transition gl mPeBRhWIthspme ngwiral LA acids, ugh 28 B(Fslienr DIPPR) | whi ch

oL 75, S B B S SRR SRR Rl o "
catal yst  conphex (iH &0 (BICERSHIBEOT-5NWhith sabilcA He catBRE SRAGTEH nit¥alt NE

f or mul ae:

species generated by the reaction.

[00116] 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)I\I/I--(--CHZ—-CGZ-—-)g--CHz--CGfWCA'
X, '

(A~Cp)1\i1~—(--CH2--CG2—-)g--CH2--CGZ+WCA"
L

Cp*
¥—Me-(~CHy~CGy-)y~-CHy~CGy NCA
CpR



(AACp)M-(--CH2--CR--)g-CH2--CR+WCA- X1 (A-Cp)M-(--CH2--C&R--)g
-CH2--C&R+WCA- L I P Y-M-(--CH2--C&X--)g-CH2--C&+NCA7 | CpR WO

2004/ 058828 PCT/ US2003/ 040903 42 (C5H5-y-x Sx) (A )y \M- (CHzZ-C&x-)g

- CHZ- CGZ+NefSo0dib8ssdsZz- 1-Y) Xy and (C5H5-y-x S, J M- ( CRETOSR3/HSH2- CG2t CA7
R' Xy wherein each Gis independently hydrogen or an aromatic or aliphatic
group, preferably a d to CL00 aliphathc group, and g is an integer
representing the nunber of nonomer units incorporated into the grow ng
polymer chain, g is preferably a nunber greater than or equal to 1,
preferably a nunber fromI| to about 150,000. WCA- is any

weakl y- coordi nating ani on as descri bed above. Al other synbols are as
defi ned above. [00117] In @@%%rx s}rgj)odi ment this invention also provides
active catalyst conpositign i'ch"can be represented by the fornul ae:

(A-Cp) WCA- } M- (-- CH- --) g- - CHN O
(AYy /M —— (CH-CGy~)g -CH,-CG, 'NCA
R z19) Xy
. ;and
(CSHS-y-x S

— (CHp-CGy~)g -CHy-CGy NCA’

/

R

%)
\M

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

preferably a Cy to Cygg aliphatic group, and g is an integer representing the

number of monomer units incorporated into the growing polymer chain, g is

preferably a number greater than or equal to 1, preferably a number from 1 to

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

other symbols are as defined above.

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

compositions which can be represented by the formulae:
(?-CP)
WCA- +M--(--CH2--CGZ--)g--CH2--CG2 ;
X1

(A-Cp)



;X (A-Cp) WO 2004/ 058828 PCT/ US2003/ 040903 43

WCA- +M - (- -CH2--C&R2--)g--CH2--C&R L Z--(--CH2--C&2--)g--CH2--C&x2 WCA- OpR
(C5H5-y-x Sx) / NCA" (A)y (CH2-C&-)g -CH2-C&xR JR (z-1-y) Xy Xy and

( C5H5- y- X wXd00M6msasN\t +- (CH2-CQ2-)g -CH2- & R' Xr wheCEUS2003e4990 i s

i ndependently a aliphatic or aromatic group, preferably a d to C100
aliphatic or aromatic group, and g is gsn integer representing the nunber of
nmononer units incorporated into the growi ng polynmer chain, g is preferably a
nunber greater than or equal to 1, preferably a nunber from1l to about

50, 000. WD 2004/ 058828 pPCTI US2003/ 040903 44 WCA- is any weakl y-coordi nating
ani on as descri bed abov Al'l other synbols are as defined above. B.
Substituted Car bod&CAoﬁMaf(dCﬁzl--ﬁG ~WHpelGgs [ 00118] Ceneration of
trisubstituted carbocations and silyliumcations may be perforned before
use in the polynerization or in situ. Pre-Lormation and

Cp*
N
WCA +lM--(--CH2--CG2--)g--CH2--CG2
CpR
Y
(CsHs.yx S
\NCA
(Al)y / \(CHZ CG'2 )g CH2 C’GZ
IR z-19) %y
; and
(CSHS-y-x Sx)

NCA™
M'—— (CH,-CGy-), -CHo-CGy

/

R" xy
wherein each G is independently a aliphatic or aromatic group, preferably a Cy to

C100 aliphatic or aromatic group, and g is a n integer representing the number of

monomer units incorporated into the growing polymer chain, g is preferably a
number greater than or equal to 1, preferably a number from 1 to about 50,000.



I solation of the cation or the stable cation salts may be acconplished by
reacting the alkali or alkaline earth netal salt of the weakly-coordinating
anion with the correspondi ng hal ogen of the potential carbocation or
silylium %b&d@do%ﬂs)fzst o nmethods known in the art. For maPCTUSY03/649803
substituted carbocations or silylium in situ occurs in a simlar manner to
stable salts, but within the vessel andsat the desired tenperature of

pol ynmeri zati on. The advantage of the latter procedure is that it is capable

of producing carbocations or silyliumcations otherwise too unstable to be

handl ed by t fL L cat | r r rs t ation is
typically usggcﬁn 1{%}5&&&?}%@%@% hén?%e%%gv%gggef ggtoﬁlgeé Sglﬁb(llgt o 100
(C+ or Si+ tardMsAlefinbdabowerk in the practice of this invention. [00119] A
novel aspect of this invention is the active carbocationic catalyst conplex
which is formed and which can be represented by the fornulae: 1 R -- (CH2
OR)g CHZ CGR: $britufd CHisicaiich 8 Sty Gk Eofpdampndent |y hydrogen or a
hydrocar byl group, preferably a O to CIOU aliphatic group, and g is an

i nteger representing the nunber of nononer units incorporated into the

grow ng poly ain, L St : ] qual to 1,
preferably amlr%’?)gr f rg%n?ﬁ?@fgﬁbtgé{ﬁ?ﬁ%be,ﬂocggﬁ %hi%ﬁm%%ﬁnéjﬁﬁ
PCT/ US2003/ 04e9oaformed Wee use anthevpdghsrization di matsitmg Rreiformation dedcr i bed
above. Al other. sy | s .. are,as fined ove.. ] 00120]. .Yet, anot.her novel
Rapect of ¢ hiifssAgtiRe feicB o R it (SR SARCRIRL ot BRPEPL Aty 3PREBE L ox v ch
is formed andhahlkalh o€ alkalife o waaindaitcbflilie wehldyfcosrditlatifg ahibn wWih the -
(CH2-CXxR)g -CH2 - +I\LC£\7 R3 . . - -

corresponding halogen of the potential carbocation or silylium similarly to

methods known in the art. Formation of the substituted carbocations or silylium

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

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

[00119] A novel aspect of this invention is the active carbocationic catalyst

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

Ry

R: | {CH,~CGyp)g=CH,~CG," NCA’
Ry

wherein each G is independently hydrogen or a hydrocarbyl group, preferably a
Cy to Cyo0 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.



wherein each Gis independently hydrogen or an aliphatic or aromatic group,
preferably a C to Cl100 aliphatic group, and g is a n integer representing
the nunber of nononer units incorporated into the growi ng polyner chain, g
is pref eyabboossgasinber greater than or equal to 1, prRERYSEBINIPIhunmber from
1 to about 150,000. WCA- is any weakly-coordinating anion as descri bed
above. Al other synbols are as defingd above. Ge, Sb, Pb [00121] In
addition cationic conmpositions of germanium tin or |lead, nay be used in
conbination with the WCA's descri bed herein. Preferred conpositions include

t hose which gp®&as f

2004/ 058828 ﬁ?tﬁ%ﬁ% ??gydlé@ﬁ aﬁ?ﬁ%%]%fﬁc;‘i’f&a”dg&@ﬁg?%rmg%)en, al kyl ,
aryl, aral kyhbregs defiedaboeteri vati ves thereof, preferably Cl to C30 al kyl,
aryl, aral kyl groups or derivatives thereof, and R* is Ge, Sri or Pb. In a
preferred enbodi nent the R groups are a G to Cl10 alkyl, preferably nethyl,

et hyl, propyl[oomo] but yvet Hnethed | ieREI0 Gapded net tﬁﬁol@\%htlﬁydirs()ftﬁeu%ﬁ’fear bons are
preferably used as diluents in _the present invention, alone or

conbi nati on WP@PBB@H@P&WGWWW‘H@QIP BolaEnest andwhich ga %tepiﬁﬁemdtw ot her

di luents. Fog Qykhgses of this invention and the clainms thereto,

hydr of | uorocarbons ("RFC s" or "HFC') are defined to be saturated or

unsat urat ed conpounds consi sting essentially of hydrogen, carbon and
fluorine, provided that at | east OS’E carbon, at |east one hydrogen and at

| east one fluorine are present. [O 3] In certain enbodi nents, the dil uent
conpri ses hydrofl uorocarbons represgnted by the formula: CZHyFZ wherein x
is an integer from1 to 40,

R; Si —— (CH,-CG,)g-CH,-CG," NCA

|

Rs
wherein each G is independently hydrogen or an aliphatic or aromatic group,
preferably a Cq to Cqqq aliphatic group, and g is a n integer representing the
number of monomer units incorporated into the growing polymer chain, g is
preferably a number greater than or equal to 1, preferably a number from 1 to
about 150,000. WCA- is any weakly-coordinating anion as described above. All

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

[00121] In addition cationic compositions of germanium, tin or lead, may
be used in combination with the WCA's described herein. Preferred compositions

include those which are represented by the formula:

R|1
R.—R* —R
+

2 3



alternatively froml to 30, alternatively from1 to 20, alternatively from1
to 10, alternatively from1l1l to 6, alternatively from2 to 20 alternatively
from3 to 10, alternatively from3 to 6, nost preferably from1l to 3,

wher ei n y vamgboz/osa8B i nt egers and at | east one. [ 00124PCTiUSUWS/H4PI3ve

exanpl es include fluoronethane; difluoronethane; trifluoronethane;

fl uoroet hane; 1, 1-difluoroethane; 1, 2-dakfluoroethane; 1,1, 1-

trifluoroethane; 1,1,2-trifluoroethane; 1,1,1, 2-tetrafluoroethane; 1,1, 2, 2-
tetrafl uoroethane; 1,1,1, 2, 2-pent af | uor oet hane; 1-fl uoropropane;

2-f1 uoropropank;reianl-Rii emdubg ey yhiogen, alkﬂ diyl,| ardkplpgroppmer; derivatives

, 3-di fl uoropropane; di fl uoropropane; 1, 1, 1 -trlfluoropropane

~trifl udh?fﬁ?foﬁ"&f%ablﬂcl twCag alkyl ggh 6{?;“6’}58?9@?5 qr deriyatives thegrof. e opane:

5 et T BORE A i prsteBid SiabliftiRRl BB Eiowas are = 1 10 C10
:g EZHZ%‘HM oproﬁ%h 1‘/\%&% B‘i’?% @'rl%hlggr? US2003/ 040903 47
lu

2- pent af | uor opropane; 1,1,1, 2, 3-pent afl uoropropane; 1,1,1, 3, 3-
uor opr n 2, 3- pentafluoropropane;

, 3- per‘!L8 ﬁ"m dﬂtlliQ.ane 1,1,1,2, 2, 3- hexaf | uor opr opane;
3,

LI A4 B4 TA

3- hexaf | uoropropane; 1,1,1,3,3,3- hexafl uoropropane; 1, 1,

, 3-hept af | oro I opane;

, or opropane; 1,2, 3,3, 3- af |
or obut ani@01 0122] () ugiﬁﬁmﬁﬁ@wbc’&s %rﬁmrfafetﬁhlwwaﬁi l,wzlt i 1P RESeut ane:
Bf' uor obytamen, hidhedbf | HOCORMARE VAl -dlhd:! Hfdreﬂwramong 3 in

robutane; 1,1,1-trifluorobutane; 1,1,2-trifluorobutane;
-t ri f | uovothinatioe withlother/dituchts) (For phwposaseof this dpvention pndgreotiaimane;

4L SR 808pr ke ¢ R BP YIRS o chaied 64 MRk "

, 4- t et r ainsataratddudonpennds, donRistng edsemiblly of hbdriogere ;carboh ,add Fluorine,

T % 0o B b b5 SEL] BRSPS i B s ane
3-tetradrk yREapUt ane; 1, 2,2, 4- tetrafl uorobutane;

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

I

2,

uorobutane; 1, 1, 1,2, 2-pent-afl uorobut ane;
3- penjogiayor Ob‘lﬁ @¥ain 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, aiternatively from 2 to 20 alternatively from 3 to 10,

H""I—‘I—‘H""I—‘I—‘Hl—‘D.HHi—‘I—‘I—"O PRPRRPRRPR

alternatively from 3 to 6, most preferably from 1 to 3, wherein y and z are integers

and at least one.

[00124] IHustrative examples include fluoromethane; difluoromethane;
trifluoromethane; fluoroethane; 1,1-difluoroethane; 1,2-diflucroethane; 1,1,1-
trifluoroethane;  1,1,2-trifluoroethane;  1,1,1,2-tetrafluoroethane;  1,1,2,2-
tetrafluoroethane; 1,1,1,2,2-pentafluoroethane; 1-fluoropropane; 2-fluoropropane;
1,1-difluoropropane; 1,2-difluoropropane; 1,3-difluoropropane; 2,2-
difluoropropane; 1,1,1-triflnoropropane; 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-tetraflucropropane; 1,1,3,3-tetraflucropropane; 1,2,2,3-tetrafluoropropane;



3

r opance,traﬂuol-olﬁu&et eI l,a]‘4l-ﬂeﬂaﬁuoietmfdna,o rIo]r;E,Bhg&aﬂubmbataﬁe, 1, 1 3,4~
3-tetrafl yoro- 2- rom ropa | uor, obut

uor ocycFegﬁﬂ?Oéﬂ]@mnf 2% g{%?ﬂ%&%&%}f@wguq%% “@Oﬂfl‘ﬁ’f‘ 33’& %‘but ane;
trifl uphaysabiaeans?, SBrtétrﬂiuothanU'O MOEY, alt&mmf&utane 2,2,3,3-
trifluorocycl obut ane; tetrafl UOI‘OCﬁC| obut ane;
3-
I

t et rmwfﬁh‘?@%buﬂdﬂé 2'93@3@020 tgment at il e egetriombataee; 1 1, 2, 3, 3-
uor ocy§oPubAREuotobhie2: 3 - NEXIBLMARAGKCLAREANS: 1,111,242, 3, 4-

pentafluorobutane;  1,1,1,4,4-pentafluorobutane;  1,1,2,2,3-pentaflucrobutane;
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-heptafluorobutane; 1,1,1,2,2,4 4-heptaflucrobutane; 1,1,1,2,2,3.4-

1,1,1, 2, 4-pent af | uorobut ane; 1,1, 1, 3, 3-pentafl uorobutane; 1,1,1, 3, 4-
pent af | uorobutane; 1,1,1, 4, 4-pentafluorobutane; 1,1, 2,2, 3-pentafl uorobut ane;
1,1, 2,2, 4-pentafluorobutane; 1,1, 2,3, 3-pentafluorobutane; 1,1, 2,4, 4-
pent af | uqgghsieRis 1. 1, 3, 3, 4- pent af | uor obut ane; 1,2, 2 PETBIS(S@&’L%{W:’UN obut ane;
1,2,2,3,4 pentafluorobutane 1, 1, 1,2,2,3 - hexafluorobutane 1,1,1,2,2,4-
hexaf | uorobutane; 1,1,1, 2, 3, 3- hexaf | qu{-,obut ane,
1,1,1, 2, 3, 4-hexaf | uorobutane; 1,1,1, 2,4, 4-hexaf| uor obut ane;
1,1,1, 3,3, 4-hexafl uorobutane; 1,1,1, 3,4, 4- hexafl uorobut ane;
1,1,1,4,4, 4- tﬁﬂb}@g@) 1, 2, ﬂ@ﬁﬁéﬂfl ane;
1,1,2,2,3, 4- bgégjil Ef)}{ obut ane; anéL, 1, 2, %1 %23- hexaf?fgg{og%?ﬁane 111,113 :] 2,3,3, 4-
hexaf | uor o bupm@uomplopzn@ b1 2.2 pematinorapseneatie ], 1,2,3,3-pentafluoropropane;
1,2,2,3,3,4- 1, 4, obu
1,1,1,2, 2,4, thép% uor Oﬁ)@foé)ané' ﬁl’i %3 %h%«agﬁ&{?g{obﬁ%[ uor%’ EteéaBﬁ%
1,1,1, 2, 3, 3, Hexafipérapropanepbut anhi 1;12,213 lhﬂptﬁﬂlﬂawbropmpi af | uor, hb,at?:afnﬁ
1,1,1,2,4,4, 4- hept af | uor obyt tafl uar
1.1,1,2,2 3 8 ,Pﬁﬁﬁ’ef‘lmpa’a% UpEobuts °’1]21 f?"‘%a‘l& ettt Qlﬂ’gqnﬁbﬂfgne 1, 1,
1,2,3,3,4,4- aﬁmaifobu@ﬁ@bm-aﬁﬁmdbuﬂma 2,4?d1ﬂuo4@1ﬂnaﬂectzaa‘ difabRbukAR €1, 3-
1,1,1,2,3,4,4 oct af | uor obut ane; , 4- nonaf | uor obut ane;
1,1,1,2,2,3, dlﬂmowbhfamflbhb%ﬁm%@neﬂ,ﬂ42d5ﬂeor2bmqa>lblp$ﬁpia}ﬁ>@butﬂnc
1, 1-difl uor ne; 2- et . .
1,1, 1-trifl u%gcf@!ﬂ% %@E@OSéS%%%ﬁ@'P}é%%&/ Ogg’g%hgélfggrret hyl plr3o?oane
1,1, 3-trifl utrifiofobutantiy | p?h@ﬂnﬁuomblﬂalm f | Ldsle2-etraflegrgbutaneet hylll) b3-opane;
1,1,1,3-tetr r net , thyl propane;
T T3 cr 1 ubrat Rl o R R Bt LA Y B REay THAY

thyl p

1,1,

iflu

1, 2-

2, 3-

1, 3,

nt af

'cl—\_Hl—\' =

D -

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; i,1,1,2,2,3,4,4-
octafluorobutane; 1,1,1,2,3,3,4.4-octafluorobutane; 1,1,1,2,2,4,4.4-
octafluorobutane; 1,1,1,2,3,4,4,4-octafluorobutane; 1,1,1,2,2.3,3.4,4-

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



hexaf | uor ocycl obut ane; 1,1, 2, 3, 3, 4- hexaf | uorocycl obutane; 1,1, 2,2, 3, 3, 4-
hept af | uor ocycl obut ane; and m xtures thereof and including m xtures of
unsaturated RFC s described below. Particularly preferred HFC s incl ude

di f | uor On%(ﬂﬁiaﬁosskfsi fl uoronet hane, 1, 1-difl uoroet hane, PCTAS2003/040903
trifluoroethane, fluoronethane, and 1,1, 1, 2-tetrafl uoroethane. [00125]
Illustrative exanpl es of unsaturated hygrofl uorocarbons include vinyl
fluoride; 1,1-difluoroethene; 1,2-difluoroethene; 1,1,2-trifluoroethene; 1-
fl uoropropene, 1,1-difluoropropene; 1,2-difl uoropropene;

1,3-difl uor ophGRAPRpane. 3 di fiwgrtﬁﬂﬁ&la@nﬁemﬁpﬁyp%él uor opn 3p&ARoro-2-
,2-trifluoropropene; 1,1, 3- trlfluoropropene , 2, 3-tr|fluoropropene

1111 udBapeoubpropis; S iemduredopibrizrorsics | 3 HotmOwmog opene,
R S e e e R

o]

|

i fluor o-metbylpmpme 2 133§tefrhﬂnmm-2l-(ﬂbommeﬁ1yl)ﬁxopm i J1jigF-tetdafludrot2ene;
i fluoro-l,- but epe 1 3.4-dif uoroC]ll-, tene,l g dlf|LiP{) I-butl ne; 1,1, 2-
uor o- 1- %’ﬁgl Dprogane;; ¢ floregyglobuiane, o - 1.1-difluprqeyt: it ene:

trifl Ltﬁﬂﬁbrdcyblebbﬁtlaﬂe m3&ﬂi:o&@dyélbumm§elt Dlitﬁﬂﬁ)rodycﬁ)bﬁtanér |1f113uor0- 1
1,3,4- trifluoro-I|-butene A4-trifluoro-|

ri f 1 udriBugrogyslobytane; 13, %mﬂqorqcvelewsmfa bhiéﬂetetratlljuorocyclobutane
; | 1 uor, p3 habitimfBRscydobutdtiel ! | ﬁ'lw 9- geﬂtaﬂ\mz'&%ﬁhuénél 4-1.12,33-

o-1-bdt’ene; 4,4, 4%trifluoro-1 et’r af I'uor o- | - but ene;
t et rpehtafioprocyclabutaose: 111,22, SSmxathtﬁtqqmlobutarwm end;1,2,2,3,4-

t et ; put
totr AFTANiReobERE: | b G diid o Bigic ! Fitana s
t et r dieptafinarotydnhneane; ahd 3 nixvlres e thienddl U and - ineludmgnemxﬁa,re% &f4 WO
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t et r afiflesrb@ethakeyt @ﬂlﬁoro&eﬂlaﬁe 4-1t1ediflabrobtBir; | 1,0t efiFfuoroethane,

etrafl uoro-1- butene; 4, Altetrafl uoro- I-butene

t
3- perflupromethane) mﬁdt’]ebg‘te@ﬂll"@e@m pent af | uor o- 1- but ene;
, 4-pent af l uoro-1 -butene; 1,1, 3, 3, 4-pentafluoro-I- butene;
4-pent afl uoro-1-butene; 1,1, 4,4, 4-pentafluoro-I|-butene; 1,2,3,3,4-
[00125] Ilustrative examples of unsaturated hydrofluorocarbons include

PRPPONPNRPRPPTON PTORRPRRR]

vinyl fluoride; 1,1-difluoroethene; 1,2-diflucroethene; 1,1,2-trifluoroethene; 1-
fluoropropene, 1,1-difluoropropene; 1,2-difluoropropene; 1,3-diflucropropene;
2,3-diflucropropene;  3,3-difluoropropene; 1,1,2-trifluoropropene; 1,1,3-
trifluoropropene; 1,2,3-trifluoropropene; 1,3,3-trifluoropropene; 2,3,3-
trifluoropropene; 3,3,3-trifluoropropene; 1-fluoro-1-butene; 2-fluoro-1-butene; 3-
fluoro-1-butene; 4-fluoro-1-butene; 1,1-difluoro-1-butene; 1,2-difluoro-1-butene;
1,3-difluoropropene; 1,4-diflucro-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-buiene; 4,4,4-trifluoro-1-butene; 1,1,2,3-tetrafluoro-1-butene; 1,1,2.4-
tetrafluoro-1-butene; 1,1,3,3-tetrafluoro-1-butene; 1,1,3,4-tetrafluoro-1-butene;
1,1,4,4-tetrafluoro-1-butene; 1,2,3,3-tetrafluoro-1-butene; 1,2,3,4-tetrafluoro-1-
butene;  1,2,4,4-tetrafluoro-1-butene;  1,3,3,4-tetrafluoro-1-butene;  1,3,4,4-
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uor o- 1-butene; 1,2, 3,4, 4-pent afl uoro-I -butene;

4- pent af l uoro-1- butene; 2,3, 3,4, 4-pent af| uoro-1 - but ene;
4-pent af |l uoro-I1 -butene; 3,3,4,4, 4-
3wh2bm0adsksior o- 1 - butene; 1,1, 2, 3, 4, 4- hexaf | uorRGCTI/US2BAH040983
4, 4- hexaf l uoro-1-butene; 1, 2,3, 3,4, 4-hexafl uoro-I|-butene;
4, 4- hexaf |l uoro-1-butene; 2,3, 344, 4, 4- hexaf | uoro-1-but ene;
3,4 1 2

4,4,

pent af | uor o- 1- but ene;

, 4, 4- heptafluoro-I|-butene; 1, 1: , 3,4,4, 4- hept af | uor o-1 - but ene;
,4,4,4- heptafluoro-I|-butene; 1,2,3,3,4,4,4-heptafluoro-I-butene;
0- 2- btetreﬂlmm-z-bmemnr b4 A 40tetrafhwro-1-butedesf | 2,38 d-2triglitosord ;butene;
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11 ur o 236k oo Hyions {94 fudeofRimitng DM RGOl ST cne

rifl ustene?- @UM@M&traﬂuoio-ﬁl-Hutdné'l UoQr,D3 2=fentaflacro-1lbwter; 1,1,2,34-
r02butene 24trLquor02 ut en 1112tetraf|uor02butene

t et Pertatiygrasl -buism,en 1,24 4rpeptaflupgor }- BRI - ob b3t gsEafiuoro-1-
et f@ﬁtf—d@ 9, 34 Qtﬁeﬁﬁﬁuom h~ﬂut&m41t1@$4 @-%laﬁt%&r&’q%%‘ﬁeei 2,3,3,4-
etrafl uor t ene; t

| uoro-2- bu

p
1
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1
1
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1
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1,
tr
1
1
1
1
p
1
1
1
1,

==g-
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u

-t
-t
, 4- pemmﬂmm-bbgtewt eha3 414-nen13ihtom—bbntpa¢,l Uo2.4.42-pantadhero-1-, 1, 1, 4, 4-
uoro L 8 f

, 4- peg'ftg#:l ubr’dz%l p]egé.pe%ré IE@H&% b’tléoé@%pm"’elgog I’lub(‘)'?%m?3 tft’4élri1e 1, 1,
, 4- hex apdntafluord2i butepere 1,1,213,3,4-hedafipdh-hlwena f 1,020304,2-hekufluere]- 1, 1,

1,2, geﬁ Iuor?agpﬁé"ggg hﬁﬁfé’ﬁﬁ"ﬁ?%fﬁ% 261344 £24ﬁ§6?tﬁﬂrﬁ3%8t°?e’butene and

m xt ures t hey gq.f4 A8 %ekdTRiok1 -Boteid; X 18, 128 4 At hes Muoratl AlteniF G, 52985444 bed above.
[ 001261 In one enbodi nent, the diluent CO\ZB“ ses non- perfl uor 1 nat ed

conpounds or bamaflugre-lebtensis o hdr3rb theptallnereddbuienenent . 1. Badiddr i nat ed
ds b . Ho ,
conpounds bey, n%ﬂaé‘}d&fbs B BARAPOYANS; £ 'lsﬂe%{a!ﬂﬁ&ool @& OfL g?@%ai—{n%tﬁﬂeé’ B?-e . wever

i n anot her I nent, wheén Thé dilueft conprises’ a : d may
conpri se per ﬂuuofz-bmcmd ¢4 rdifhenror2-htent e r hBidyfluordiz-butenesl ys3-diflworm?rer, and

o vent o BB Bk DSl s ARG o, o

in further de,nai-hﬂheﬂoembutbme, dnh3éftucesrd daiement , 1 4tthifluddoenbltene; 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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[00126) In one embodiment, the diluent comprises non-perfluorinated
compounds or the diluent is a non-perfluorinated diluent. Perfluorinated
compounds being those compounds consisting of carbon and fluorine. However,
in another embodiment, when the diluent comprises a blend, the blend may
comprise perfluorinated compound, preferably, the catalyst, monomer, and diluent

are present in a single phase or the aforementioned components are miscible with



may al so conprise chl orofl uorocarbons (CFC s), or those conpounds consisting
of chlorine, fluorine, and carbon. [00127] In another enbodi nent, when

hi gher wei ght average nol ecul ar weights (Mv) (typically greater than 10, 000
My, pref e&ﬁp&m‘,ﬁg@gﬁ than 50,000 Mwv, nore preferably necwustanoQ®3, 000 Mw)
are desired, suitable diluents include hydrofluorocarbons with a dielectric
constant of greater than 10 at -85C, ppeferably greater than 15, nore
preferably greater than 20, nore preferably greater than 25, nore
preferably 40 or nore. 1n enbodi mnents where | ower nolecul ar weights

(typically | qyeginjchem &'cg%rﬁ;@@ W&f KtArRRwW. in%éﬂk{‘éiﬂbo’iﬁﬂ%, th¥¥lenff 0T €

preferably |ess than 3,000 are desired the dielectric constant may be
| ess than 10,mayr alsgy cerdphiseochlapfienrocarhons (EFE$), onithasecompaunds comsistieg  agent

when the dielegctric nt 1 bove 10. The dielectric constant of the
di l uent ED iSOfoélgF%?’#ﬁggé’%r‘%anﬁ%ngsurerrents of the capacitance of a

paral l el -plate capacitor imersed in the diluent [nmeasured value CD], in a
reference fl yi kno dielectrjc constant ER [neasured value CR], and in
air (EA=1) [ﬁh‘g@?{{ ed v 15‘80@ ?m{"?‘i‘lm%‘&cw E%E’é?h"ﬁé"%@éﬂ?@e %B%Fél}aﬂ'ance_ CMis
gi ven by CM= 4 W@/ pically igPeatdd Shandi RORC MW, CoréfAiblyaRbreOthat 36,00bui d i n

whi ch the capacrtor is immersed, Cc is the cell capacitance, and Cs is the

stray capaci tMeaore pseerablys sone dhanr HIRII0SMeD e degired nsupipble (Elueds nul a
st rument s ol CH iy e AR B of Ber R IRIERERIEC, oy e
used to nmeas !prefetabbrl grecater ¢hapoh$t mote prefediblyu graater gthmeéOJ moreﬁ\pm&rﬁ;iyi son pf
e LSt RREREss o) Bl Mt 3PS BB B okt P G
PCT/ US2003/ 040818cilarSdeights S picabplowed Ban 1000yMvE préfeiably 16€%. Bdn 5,000
D f1 uor omet hal\r/}t(?v, %%i-ezgrefe%ébjf}; ﬂalsg ‘l!‘]‘lléll('.l) 5 ,(())8(5 R&rfsearez ?lés?r?)ed 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 Cr], and in air (ea=1) [measured value C,).
In each case the measured capacitance Cy is given by Cy= eCctCs, where ¢ is the
dielectric constant of the fluid in which the capacitor is immersed, C¢ is the cell
capacitance, and Cg is the stray capacitance. From these measurements ep is
given by the formula ep=((Cp-Ca) er + (Cr-Cp))/(Cr-Ca).  Alternatively, a
purpose-built instrument such as the Brookhaven Instrument Corporation BIC-870
may be used to measure dielectric constant of diluents directly. A comparison of

the dielectric constants (g) of a few selected diluents at -85°C is provided below
and graphically depicted in Figure 1.



1,1, 1-trifluoroethane 22.18 1,1,1, 2-tetrafl uoroethane 23. 25
1,1,2,2-tetrafluoroethane 11.27 1,1,1, 2, 2-pentafluoroethane 11.83 [00128]
I n other enbodi nents, one or nore HFC s are used in conbination wth anot her
di | uent orygrhosibdses of diluents. Suitable additional dPCTBNEEINPRBude

hydr ocar bons, especi ally hexanes and heptanes, hal ogenated hydrocarbons,
especi ally chlorinated hydrocarbons and;the |ike. Specific exanples include
but are not limted to propane, isobutane, pentane, nethycycl opentane,

i sohexane, 2- nethyl pentane, 3-nethyl pentane, 2-nethyl butane,

2, 2-di net hyl but ane, 2, 3- di net hyl but ane, 2-net hyl hexane, 3-nethyl hexane,

3-et hyl pent ane, 2, 2- d| met hyl pent ane 3-di net hyl pent ane,
2, 4- di met hyl pent aneDﬂ@bn@ di net hyl  pent gne, 2- n@&thggo@pt ane, | 3- et hyl hexane,
2, 5-di net hypexane, | 2, 24, - trinethyl pentdne, octane, heptane, |butane, ethane,

nmet hane, nonane, d 2 nisigglecane, undegcane, hqugg, met hyl | cycl ohexane,
cycl opropane, cyclpbutane, cycl opentand, nethyl cyclopentane; 1, 1

- di met hyl cycopent ahg di met hyl gycl opent
trans-l,2-dinethy|cygﬁopeﬁﬁgﬁe trans-1,|3- dinet%@?gyclgpentane,

et hyl cycl opent ane, nethylcyclohexan benzene,Ltquene,
xyl ene, ortho-xylené para XY en net a-{xyl ene, ana t he hal pgenat ed

versions of all of ayl[l‘i 'ﬁﬁ‘?&%etﬁg‘{ eferabl t he chl ??jlgat ed ver i ons of fthe

above, nore prefer uor “ed vers ons of a f the abgve. Brom nated

versions of the abp eful. Ypecific l es 1 nclude, nethyl
chl oride, WO 2004/ Dgg%t ﬁ@ﬁ /040903 52 né?%g})ene chl ori de, ethyl

chl oride, propyl ch 1,0 ;ll oride, chl orq m and the |ike. [00129]
I n anot her enbodine%ﬁ?lﬁgﬁy$l A€ ol efli ns may biazsed as d@iluents in
conbi nation with RFC s. anpl es |ﬁ‘lude, but ar t Timted to, ethylene,
oropyl ene, and t he ﬁ;g,%en%uomethane 91183

[00128] 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, isobexane, 2-
methylpentane, 3-methylpentane, 2-methylbutane, 2,2-dimethylbutane, 2,3-
dimethylbutane, 2-methylhexane, 3-methylhexane, 3-ethylpentane, 2,2-
dimethylpentane, 2,3-dimethylpentane, 2,4-dimethylpentane, 3,3-dimethyl
pentane, 2-methylheptane, 3-ethylhexane, 2,5-dimethylhexane, 2,24,
trimethylpentane, octane, heptane, butane, ethane, methane, nonane, decane,
dodecane, undecane, hexane, methyl cyclohexane, cyclopropane, cyclobutane,
cyclopentane, methylcyclopentane, 1,1-dimethylcycopentane, cis  1,2-
dimethylcyclopentane, trans-1,2-dimethylcyclopentane, trans-1,3-
dimethylcyclopentane, ethylcyclopentane, 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,



[00130] In one enbodinent, the HFC is used in conbination with a

chl orinated hydrocarbon such as nethyl chloride. Additional enbodinents

i nclude using the HFC i n conbination with hexanes or nethyl chloride and
hexanes. @ @i@kdes enbodi ment the HFC s are used in CUITHSIEBOYNOHI th one or
nore gases inert to the polynerization such as carbon dioxide, nitrogen,
hydrogen, argon, neon, helium kryptos, zenon, and/or other inert gases
that are preferably quuid at entry to the reactor. Preferred gases include
carbon di oxi de and/or nitrogen. [00131] In another enbodi nent the RFC s are
used i n conbinethylepe chlotitle,catley]l chlorivey propit cldomde, dukyd rhkoridenchlomiform C1L t o C40
nitrated |i nm_gi ﬁ%cl I c or branched alkanes. Preferred nitrated al kanes

i ncl ude, but the limted to, nitronmethane, nitroethane, nitropropane,

ni trobut ane, nitropentane, nitrohexane, nitroheptane, nitrooctane,

ni trodecane, nitrononane, nitrododecane, nitroundecane, nitrocyclonethane,
ni trocycl oet A& nij t A chWﬂ@b nent, PP‘BWE@‘(%G{@% ma)hlher%?cilsopent ane,

ni trocycl ohexangis iRl dofrBfiGh DR AREs. Mabipfed GhABEL B are MUt IARYGhOdeCane,

ni t rocycl ononane, nltrocyclododecane nitrocycl oundecane, nitrobenzene, and
the di- and ¢tiylens, propyleae,endfhe Iike. t he above A preferred enbodiment is

HFC s bl ended with nitronethane. [00132] The HFC is typically present at 1
to 100 vol unme % based upon the total volunme of the diluents, alternatively
bet ween 5 anf018§) vol LIr:reox% embbdimenatthe HEC e tused in Iddnibithtid) Owitlo laune %

alternatively bet wee d 10 vol u % .al ter Y etween 20 and 100
vol une % ¥1@?%dv 0}2 g‘ei(%‘l r@ﬁf(} “&1 teé’?q’r’?&’(r‘i‘% y between
30 and 100 vmcwasl%n aihaemr@tmvmnemuaap@%ampsmm 206058628 53

bet ween 35 and 100 voI ume %_ alternatively between 40 and 100 vol une %,

al t er nat i vel Jexgaesndapnathergabodinens dhe HEC %areawsea@ﬂmaqm #onpwitherhos0 and 100

vol ume % al bRLS kMRS PRerRRBR SuchQD B it AHrbERRdhy et ween

argon, neon, helium, krypton, zenon, and/or other inert gases that are preferably
liquid at entry to the reactor. Preferred gases include carbon dioxide and/or

nitrogen.

[00131] In another embodiment the HFC's are used in combination with one
or more nitrated alkanes, including C; to Cyp 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,
pitrobenzene, and the di- and tri- nitro versions of the above. A preferred
embodiment is HFC’s blended with nitromethane.

[00132] The HFC is typically present at 1 to 100 volume % based upon the
total volume of the diluents, alternatively between 5 and 100 volume %,
alternatively between 10 and 100 volume %, alternatively between 15 and 100
volume %, alternatively between 20 and 100 volume %, alternatively between 25
and 100 volume %, alternatively between 30 and 100 volume %, alternatively



and 100 volunme % alternatively between 65 and 100 volune % alternatively
between 70 and 100 volune % alternatively between 75 and 100 vol une %
alternatively between 80 and 100 volunme % alternatively between 85 and 100
vol une % glzho%fogz?stztj! vel y between 90 and 100 vol une % RCTYFUEPY bet ween
95 and 1886l one % alternatively between 97 and 100 vol une %
alternatively between 98 and 100 vol ugge % and alternatively between 99 and
100 volume % 1In a preferred enbodi nent the HFC is bl ended with one or nore
chlorinated hydrocarbons. In another preferred enbodiment the HFC i s

sel ected fropiiveé 39841000k ¥6)httefatiidy beraek4oadR, 100 {dimeregmet hane,
1, 1-di fluoroethane, 1,1,1- trif]uoroethane, and , 2-tetrafl uoroet hane

1,1,1
and i xt ur es alteseatively betwernat and, 100 velpme ‘andismatinely hetweesi J0uend: 10 di | uent
mxture is s Q { | | 4o b tain
di luents ar eeélgﬁlh bﬁeﬂ@%a?ﬂeéygggﬁesﬁngsr %P%dg“grﬁr%%l /‘gi ét}g%tp%hyh%%eﬁnlcﬁl e to no
sol ubi lity i and he0 mpolgnecho, alSwhativelyi beywednn6s hwd pO0 yolumei %, attersatively by f or i ng

the polyner {nto a-fil t hi ckpes bet n_50 d 10 I grons, then
soaking it i PR 2h end 00, il 9 CRemaiiely Boipn By b ELRE er s The
filmis renoyegndtively bbwectli s0uamd 10ExaIame do] stehtdivelyt impenagsuasl far 90
seconds to evaporate_ exces gi |l uent fromthe surface of the film and

wei ghed. The VPREE “pltariaiiyey evverd) and {Mevabupc & abigmativel RAWeEn Y the film
wei ght af t er o%PH) AghumblR, ShdrielyObetdlbd 0N bad 86 WoRmcSvsc ARG that the
9

pol ymer has a mass upt ake ess than 4 ) preferably I ess than 3 wt%
preferably | betweerh%ham ifiloyolyne Ve padaliernativelythgtiveen Mtangd 188 velumedher abl y | ess

mxture s Lhpanied ckRofBhe PROAS F INRHEIORG: ol vt Blbfiedy' ()00

transition hedrpeariadner dnTapothier prederped! ontbedimest thd BFE ishseleced fromh $heof any

di luent, unreacted .nononets and additives ig wthin.15C of the Tg of the
pol yrier meas 888 “GRY gic{tr%nﬁ’é’?lﬂ"é@%efm@qeﬁlaﬂe’a ’H]} oﬁqeaFﬂ?’gkh 'ss bet ween
50 and 100 niffuefsethahélahd hasl WewdO0to8haR284 RIS AMARF040903 54

[00133]) 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 wi%, preferably less than 3 wt%,
preferably less than 2 wt%, preferably less than 1 wi%, more preferably less than
0.5 wt%.

[00134] In a preferred embodiment, the diluent or diluent mixture is
selected such that the difference between the measured glass transition
temperature Tg of the polymer with less than 0.1 wt% of any diluent, unreacted
monomers and additives is within 15°C of the Tg of the polymer measured after it
has been formed into a film of thickness between 50 and 100 microns, that has



been soaked in diluent (enough to cover the filnm) for 4 hours at -75C. The
glass transition tenperature is determ ned by differential scanning
calorinmetry (DSC). Techniques are well described in the literature, for
exanpl e, WoWisdssgi ch, "The Nature of the d ass TranEITUS200340AeM03 t S

Det erm nati on by Thermal Analysis", in Assignnent of the dass Transition,
ASTM STP 1249, R J. Seyler, Ed., Anerf«can Society for Testing and

Mat eri al s, Phil adel phia, 1994, pp. 17-31. The sanple is prepared as

descri bed above, sealed immedi ately after soaking into a DSC sanple pan,
and mai nt ai nbcbnabal@dﬁndﬂm(m@lﬁelcowrmmrfoﬂhbmbl—i—lﬁt’@l Thbefsy e the DSC

measur enment ., Pref er abl he. Tg.val u |n 12C of each r,
preferably WGPy FEP %rpﬁxéea{’sh&gelrwg}egsug %& §°W WEOIB’E? f&g;S‘n ot her,
pref erabl y wirkétiniqularefwetiodeberiviel & themt@itefeaﬂinexmplbm Wanddrli@getheot her,
preferably within 7C of eaih ot,her, preferably in 6C of each other,
preferably V\Namog@eoﬁla% FRngifier and WOWWW@@ Apalgsihitot her

Dt of or abl 3 weShimetof be ZA63 Tolndfor, @E*@T?’*%’WFE‘”%C%@L#% ther,

Pol yneri zat i Snmﬁvdgeiﬁtl[‘l@@ldahi}atemb Philesialphisn 1 pDelbﬁhcffh@eﬂnpln izont i nuous
and batch prg I pI ug flow
react or and/ 3&%%'[%&?‘? d%? ﬁa%%o‘rféégc d{%ﬁﬁﬁd&a?&(yigﬁl cu%ﬂﬂéﬁhl STl nv on may be
practiced i npaduhy imaistaiotdatsa tempetaturs belatv —»ﬁ)"@mubim\echﬁlelyuﬁéﬁoramhe react or
sel ected fro of _a .continug red tank

react or, %@m"gﬁﬁ‘?ﬂg"é’& eéglb&t)@’ien—{f Belpes g Wi Jrga%f?ﬁc ofheret or

nozzl e react ?fefer@bl&%‘&hﬁrllpeaﬁf&{ch G, prfaalle itk deret SledRi dthépg- pool
reactor. [00136] I|n another aspect, heat can be renoved by use of heat

transfer suPreiredly witkn ¥C jof ach e o prefaakly owithine$C #f cassh s0ther; s on one
side of the %M&aﬁﬁ%ﬁ&ﬁ%@'o‘ﬂ%ﬂi Zdtﬂ%e %‘f’?‘; n‘g WihiBNed S Ll Totfidrde.  Heat

may al so be renove evaporating t rizing mxture, such as may be
found in an pwﬁrdrlmfmt@aré“tcé@fmaplhmhlger,ppmferal;lpewrtbacf& ofmhrmherexarrpl e, is

a plug 110w rgaghor wher & POLLL Wl phiEaRY' YIRE' Fc%e Lot Uiter S

evapor at ed alr
preferably within 2°C of each other, preferably within 1°C of each other.

Polymerization Process

[00135] 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.”
Illustrative examples include any reactor selected from the group consisting of a
continuous flow stirred tank reactor, a plug flow reactor, a moving belt or drum
reactor, a jet or nozzle reactor, a tubular reactor, and an autorefrigerated boiling-

pool reactor.

[00136] In another aspect, heat can be removed by use of heat transfer
surfaces, such as in a tubular reactor where a coolant is on one side of the tube and
the polymerizing mixture is on the other side. Heat may also be removed by
evaporating the polymerizing mixture, such as may be found in an
autorefrigerated boiling pool type reactor. Another example, is a plug flow
reactor where a portion of the polymerizing mixture is evaporated as the mixture



WO 2004/ 058828 PCTI US2003/ 040903 55 proceeds through the reactor. Another
exanple is where heat is renoved in a plug flow reactor through surface
heat transfer using coolant on the other side of a heat transfer surface.
Anot her ewebssnel d be a reactor where pol yneri zat i oPCT/EHSIQ863/04p103ce on a
noving belt or drum where the diluent/ nmononer/catalyst mxture is sprayed
onto the belt or drumand heat is renos¥ed by evaporation of the diluent as
the reaction proceeds. In addition heat may be renoved in such reactors by
surface heat transfer (such as where the coolant is present on the inside of
the drum or proacksis throughtthe teastor] Admsheyekymple is wheye beat cogmoved ina phugher si de of

the belt or dru ot her react.or i ' or _Nnezzle .reactor.
These react Oﬂgw}{g%%orgﬁ}o Q})sr#a%{cggﬁagéﬁ%ggtul&ﬁé c%f'i%r?tec; ntelh%o%%fn%%?e?fatbeﬁ uent and
cat al yst sys trensférsarfaco Mrioted exampléreonldtbe arreattor Abierexpslyinbiszafion yalkes i zat i on
occurs as the m xture passes through the nozzle at hj vel ocity. [00137]
Preferred re&@PBPgaiﬁe Bﬁli’f*ﬁé’ﬁtdﬂﬁﬁ q&ﬁ\/d@??qm‘g}?nlegﬁggb’gm}s whet her
oper ating i nghatdion® the B8l bAUARSNIER is RRDVINEY BlboRR6H 8f thBgithdht & tank with
an agitator or 1n a tube type reactor. Preferred reactors also include
reactors whéeeren¢fionppriogesds.| Antaddiion deatr maybeoigmozedidn ghcharenetars by ansf er
surface and ' t ' . O Le.is a
Feactor wher Sifrsp R Sl Tath 38 Silerfic' BB el AL LR TR e

pol yneri zat i drunz omemdershe bilt andsthe pplymer ispunddicébomihe othet bide pHihy belt bz at | on
occurs inside a.tupe and the. coolant.is present on.the outside of the tube
in a shell. ?WBS‘F“Gfﬁlﬁrgmen erﬁ?ci??fﬁs et oglnggi%éeaﬁﬁoacﬁﬁsgd-ez}c PHEVE r eact or s
where the nengfBEsidendd |tifdtwhetd dhe ahotlopt, dilwentaggedalya Hien eact or and
then polynerization proceeds to conpletion (such as bé guenchi ng) and the

pol ymer is cAehinpdinshejct gr nozaleend the polyasrization eqeyHs ture passthyent i on i s
practiced usipgndh thé HoZ2k at RPhWEREirZ At | On process. However, ot her

pol ymeri zati on thods are "contenplated such as a sol ution polynerization
process. The pol ynerization

[00137] Preferred reactors include continuous flow stirred tank reactors,
whether operating in batch or continuous mode, and whether operating in a tank
with an agitator or in a tube type reactor. Preferred reactors also include reactors
where the polymerization occurs on one side of a heat transfer surface and the
coolant is present on the other side. An example is a reactor where tubes
containing coolant run inside the reactor polymerization zone. Another example
would be where the polymerization occurs inside a tube and the coolant is present
on the outside of the tube in a shell.

[00138] This invention may also be practiced in batch reactors where the
monomers, diluent, and catalyst are charged to the reactor and then

polymerization proceeds fo completion (such as by quenching) and the polymer is

then recovered.
[00139] In certain embodiments, the invention is practiced using a slurry
polymerization process. However, other polymerization methods are

contemplated such as a solution polymerization process. The polymerization

processes of the invention may be cationic polymerization processes.



processes of the invention may be cationic polynerization processes. WD
2004/ 058828 PCT/ US2003/ 040903 56 [001401 In one enbodi ment, the

pol ymeri zation is carried out where the catalyst, nononer, and diluent are
present i woueiosgt phase. Preferably, the pol ynmeri zaPComs2o3/04203i ed- out in
a continuous pol ynerization process in which the catalyst, nononer(s), and
diluent are present as a single phase. sgkn slurry ., polynerization, the
nononers, catalyst(s), and initiator(s) are all mscible in the diluent or
diluent mxture, i.e., constitute a single phase, while the pol yner

preci pi tates [por)t he @ bH@@hb&&ﬁﬂ&nQQﬁ&j?@?ﬂ%ﬁﬁbﬂﬁs Ch@RY (Jue whisteU@B! -
Desirably, reduced or no polynmer "swelling" is exhibited as indicated by

little or no c¥§lyst ppnomes #nl eduenhareppresanbin gnvngle pheset | Brefarably @81 uent nass
t ake a h A T rgm%-F ' 0n: | [ of the
;Iroesent ?nxsleﬁt |Soné?l;§?t§%/n|gi§§s -ggp%%gﬁﬂg%?%ngéﬁg{ghg%ﬁb 3’5‘%‘:{3%5njﬂlt‘%ﬂf§£&§andl ed at

| ow Vi scosi t \catalysh) momumdréat and dinat eare preseuic esl ar single ophaeul Innglirrhonogeneous
pol yneri zati on, and/ ot tﬂge conveni ence of subseqguent reactiqns.to be run
directly on tAYLMEER G, the BERMEL ca{%&?ﬁ}r 8“de’35’?°1§52 a‘ﬁ@? P’és&@’tleeﬂl nomer s

wi thin the refiRbgrof dilmenp dhiktued, ic.,Stomktitite & Bingld @hLFPMRIlEEHE polyncer
concentration of t he(ﬁsﬂol ids.in the slurry is equal to or greater_ than 10

vol % | n anothiesPitas epmdhs dilyent with goad seoargtion fgam thy diluent. , Degigabl, yrry i s

present in theqle@eh Ho ﬁd]ﬂ{l_ﬁér iefling 9 i€ BkifbitddNANindRaM@| 4P 1itdR oFSlo ®E Ot her
enbodi nent, the concentration of solids in the slurry i's I ess than or equal

to 75 vol % seppryssionagfothn @plysressod/eelittle artne dibisoemassauntele asfshewhiis i n
slurry is pr [ ass %, .4l s r
enbodi nment , ?ﬁéﬂ%ghc@n Y (flfrgn oﬁgnjs% |gilu%n(r§s éﬁ?}é%eé%%t lg‘rréef@e"ﬁ?%%& he reactor
from5 to 70 funhigh palynet cameatthation te b delndied tit 1dvh @iscasity ewith gbad headf sol i ds

in slurry concentration js present. in.the reactor from 10 tq, 70.vol % In
yet anot her e%ﬁ%f’ nﬁﬁ‘f‘?edt Hﬁa%f%n BafPEREgIeouS (Hoﬁy&gequlmg\ lﬂ]ﬁ/)?r ctt}j‘ﬁc_ent ration
i's present i nohfidne@of etibsktquit feactidds (@ by alldirdcily Yol the a&valtig poBmkedi ment ,

the concentratjon of solids in slurry concentration is present
mixture.

[00141} 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 shury is less than or equal to 75
vol%. In yet another embodiment, the concentration of solids in slurry is present
in the reactor from 1 to 70 vol%. In yet another embodiment, the concentration of
solids in slury 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 23 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 slurrywoemaesdstseiti on is present in the reactor fr@aT3s2003/08003%0l % In
yet anot her enbodi nent, the WD 2004/058828 PCT/ US2003/ 040903 57
concentration of solids in slurry concgntration is present in the reactor
from40 to 70 vol % [001421 Typically, a continuous flow stirred tank-type
reactor may be used. The reactor is generally fitted with an efficient

agi tation NegdentBU6R ofSolills inkIRRY chhoeRtkatioh ié plesdnt & {he keachf X 40 Al cool i ng
j acket and/or_internal cooling tubes and/or coils, or other neans of
renovi ng t he 7HERlps. of pol ynmeri zation to naintain the desired reaction
tenperature, inlet neans (such as inlet pipes) for nononers, diluents and
catal ysts (conbined or separately), tenperature sensing neans, and an

ef fl uent ovel00ldd) or olppidadly; peqntinudnis dlowtiried tamkstyprotegeter maylbé usedt and

unr eact ed nogoners, anong. of.her, thi.ngs, hol.di ng drum or ench tank.
oot an y - ERERRaR ool el WBMR cehifet o8 bnliicadd. Wb FOEBET | 2"
art will reea@gnioreinpeldaty), asseiehiay caslth ebtandior ihiefhhl dolibgetubeact ors are
preferably desjgneq to deliver ggodcnixigéjé‘{i)f ther caf al yst and pononers

wi thin the rasergomsuiher mnesgs oF rmayineg g hejt ofipolymerizaon RIBUnam NS er

tubes or coi b, desifid reiteidf Rerhpethttire] Il midahOLAEOA inléﬂ?iﬂeﬁ)aﬁi' hfoforiesUme  to

avoi d excessive polynmer accunul ation or separation fromthe dil uent. [00144]
Ct her react ofBuentsandrpaialysts (Gombingd @r separatedy)p femneratere Sensigemess

ansh
nventi on | neh Ul EARNEB LRl LRRCUANY ARSAUbYOLEN' AiheRRO! capabl e

of perform ng a continuous slurry ocess, suc osed |
5,417,930, huwesited mooomprsran@g Other tiingsetoc e. holdieg deam tayr qusoelptankpel | er can

be of the ups _punping varjety or fhe.down-punpi ng variety. . The reactor wll
contain suff P e’?‘ggﬁﬁiy’ ﬁﬁ?fﬁtog I%Purg?ft‘o 4t %@E@‘S@%tg’ egﬁﬂﬁiiﬂ BFeagteWﬁlai nvention
ef fective toreagmrepropdrassemd} shdwsperatibn.on of the nononer containing
feed-stream such that a sufficient

-

[00143] The reactors are preferably designed to deliver good mixing of the
catalyst and monomers within the reactor, good turbulence across or within the
heat transfer tubes or coils, and enough fluid flow throughout the reaction volume

to avoid excessive polymer accumulation or separation from the diluent.

[00144] Other reactors that may be utilized in the practice of the present
invention include any conventional reactors and equivalents thereof capable of
performing a continuous slurry process, such as disclosed in U.S. 5,417,930,
herein incorporated by reference. The reactor pump impeller can be of the up-
pumping variety or the down-pumping variety. The reactor will contain sufficient
amounts of the catalyst system of the present invention effective to catalyze the
polymerization of the monomer containing feed-stream such that a sufficient
amount of polymer having desired characteristics is produced. The feed-stream in
one embodiment contains a total monomer concentration greater than 5 wi%
(based on the total weight of the monomers, diluent, and catalyst system),
preferably greater than 15 wt%, greater than 30 wt% in another embodiment. In
yet another embodiment, the feed-stream will contain from 5 wt% to 50 wt%



anount of pol ymer having desired characteristics is produced. The
feed-streamin one enbodi nent contains a total nononer concentration
greater than 5 wt% (based on the total weight of the nononers, diluent, and
cat al yst eysioednsss2spreferably greater than 15 w % gr eRCEUSI0DHROBE Wt % i n
anot her enbodinent. In yet another enbodi nment, the feed-streamw || contain
from5 wt%to 50 wt % WO 2004/ 058828 PC¥é¢ US2003/ 040903 58 nononer
concentration based on the total weight of nononer, diluent, and catal yst
system [00145] In sone enbodinments, the feed-streamis substantially free
from sili ca ngaboimen cpriedtigtiongbsspd cinethe WBial saudigtitacft mehoyied, rdiaemtf aad | i ca
cation producin species, it is neant that there is no nore than 0. 0005 w %
based on the éqsygkﬁﬁ"rght of the nmononers of these silica cation producing
species in the feed stream Typical exanples of silica cation producing
species are hal o-al kyl silica _compounds having the fornul a RILR2R3Si X or

RIR2Si X2, et d0014fher i I sqme pmbedimenis,ihe feadcstream is substanginly; &ige fime react i on
conditions w ?if‘ﬁja gﬁ.?éc Lr L GRS a: Qr resi dence
time are effégitcfl\t}gu 0 rrgl'ls nt ?ﬁ%@?he@?‘e%g%tl on §nﬁ§§:85%ﬂ|wﬁ ct%ﬂé]%%&w state and
t o produce t Ispecikssitriedngaot that there isvino goteh thad k0008 dwt%e frasedcere thiestbtat s. The
nononer feed-streamis typically. .substantially free of any. Lnopurity which
i s adversely Weé%]itqrpvtke ﬁ%ﬁqe%e%g}eg? ﬁé’tca ¢ ﬁ%oe"r ¥{%3°15%Is§ﬁ%?sy?aﬁeoﬁed

ccr)]nd: fj i gns. E&éeme.x grsrlpilbﬂ,ethmp&@ ?Els)iﬁad)ﬁuﬂiiompﬁihtﬁwing hpem_rmrhalofaﬂ@ail siicef er abl y
shou e substantially free_ o ses c ustic sul tyr.- cont ai ni ng
compounds (s lPEWPQ‘é“d.Flé’S’?/mE:Gﬁ foé"ﬁﬂl.a}r"galﬁémf Baa%%sgﬁé,et‘é’. I.l,rle’l?pﬁzhy? 2Ber capt an,
ethyl nercapt@g) and K" 808 Mulo@ed. AFH fRatti8A TERAItONYFANLE SikhathiM AdirfAses such as
al cohol s and the |ike. However nononer feed may be |ess pure, typically not

less than 9Sompraaturs, presyvae and otsidencn Bme gre effectivende angintameatseastiont | ess
prosent a1 G2t T e Fguliite 4dd BFLd £F oA HL DR SLAAE LEBHGED | S50
pref erabl y | ebsrattedstic®5The pponomer déedrsitbdny i$ Gpicallp anbstbdialhy fiee pf @fer abl y | ess
than 100 ppmimpurity 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, e.g., methyl mercaptan,
ethyl mercaptan), nitrogen-containing bases, oxygen containing bases such as
alcohols and the like. However monomer feed may be less pure, typically not less
than 95% based on total olefinic content, more preferably not less than 98%, not
less than 99%. In preferred embodiments the impurities are present at less than
10,000 ppm (by weight), preferably less that 500 ppm, preferably less than 250

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

[00146] As is normally the case, reaction time, temperature, concentration,
the nature of the reactants, and similar factors determine product molecular
weights. The polymerization reaction temperature is conveniently selected based
on the target polymer molecular weight and the monomer to be polymerized as
well as standard process variable and economic considerations, e.g., rate,
temperature contro|l, etc. The temperature for the polymerization is less than 0°C,
preferably between -10°C and the freezing point of the slurry in one embodiment,
and from -25°C to -120°C in another embodiment. In yet another embodiment,



(00146] As is nornmally the case, reaction tinme, tenperature, concentration,
the nature of the reactants, and simlar factors determ ne product nol ecul ar
wei ghts. The pol yneri zation reaction tenperature is conveniently sel ected
based omwo bespsssget pol yner nol ecul ar wei ght and t he pownsems/odososbe

pol ynerized as well as standard process variable and econom c
considerations, e.g., rate, tenperatyse control, etc. The tenperature for
the polynerization is less than 0C, preferably between -10C and the
freezing point of the slurry in one enbodinent, and from-25Cto -120Cin
anot her embegl gheriia'ﬁoﬂ%mﬁéi‘ﬁhﬂ% fRSHP QalioreRt 10840, 204 HR 88T 1o -

PCT/ US2003/ 04090 59 the polynerization tenperature is from-40C to -100C,
and from - 7000%in yatogthen epbpdiment. hdn qredesiratile) epbpdiment,the desirabl e

enmbodi nent, .t he ratUgpe reé | S fdopm ~30 -1 quent |y,
different r é%?ﬁr%t{r'\r%n%g%edlsst ﬁg%ls%@vi Ité)p%é)dd%:ecg?sg@l%e%pg’ g%%ﬁn?? %r%gﬁf nmol ecul ar
wei ghts. Syrbhdiioms will préduce grdudcte of diffarchi molepuladweiphtsn Byithesiscdtl thy ed,

t herefore, through npnitoring th COur s f the reaction,by. the exam nation
of sanpl ob (SKEA BAMIPOMIy R Pe ALIEHE: hersiors AFoseh RN GR b dol y

enpl oyed i n chiiBe 8f the rdaBd 'ty the BxAniRitRInSITAHpISMAREH pRidHically uritfp! theTer | zat i on
tenperature is wthin 10C above the freezing point of the diluent,
preferably weackon agehaigye avidelhemplppedinithe i nt of the diluent, preferably

wi thin 6C above the freezing point of the diluent, preferably within 4C

above the freezing point of the diluent, preferably within 2C above the
freezi ng poi[0@143f t heldial pefirred pemticelimdaity thei polymeridafioabempetahnee fis eezi ng

int of the .dil ., For, t f.this | tion, t he cl ai
Pheret o whovifies 1 s g Feree dB 66 08 diebe el MBI bothe di 1 vent
i s used it ARGl OE R HauR) préfeibly Wighifl 6*C abdvethd Beoking@oidt@f exanpl e

if the freezing point of the diluent is -98C then 10C above_ the freezing
poi nt of t PeRn Prefesably gwithip offLs ghoven e frepzineo oigE ©f st dillent, be from

e
above 0 L0 100 KERih 2oCBov iRk AR polaliBPtR AR phcterdol Ghidlin vacuum
from7 kPa to 12, 800 kPa I n anot her

1°C above the freezing point of the diluent. For the purposes of this invention and

the claims thereto when the phrase "within X°C above the freezing point of the
diluent" is used it means the freezing point of the diluent plus X ° C. For example
if the freezing point of the diluent is -98°C, then 10°C above the freezing point of
the diluent is -88°C.

[00148] The reaction pressure will be from above 0 to 14,000 kPa in one
embodiment (where 0 kPa is a total vacuum), from 7 kPa to 12,000 kPa in another
embodiment, from 100 kPa to 2000 kPa in another embodiment, from 200 kPa to
1500 kPa in another embodiment, from 200 kPa to 1200 kPa in another
embodiment, and from 200 kPa to 1000 kPa in yet another embodiment, from 7
kPa to 100 kPa in another embodiment, from 20 kPa to 70 kPa in another
embodiment, from 40 kPa to 60 kPa in yet another embodiment, from 1000 kPa to
14,000 kPa in another embodiment, from 3000 kPa to 10,000 kPa in another
embodiment, and from 3,000 kPa to 6,000 kPa in yet another embodiment.

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

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



enbodi nent, from 100 kPa to 2000 kPa in another enbodi nent, from 200 kPa to
1500 kPa in another enbodi nent, from 200 kPa to 1200 kPa in anot her

enbodi ment, and from 200 kPa to 1000 kPa in yet another enbodi ment, from?7
kPa t o 10Gddasises28not her enbodi nent, from 20 kPa to 7BCkPs20031040990t her
enbodi ment, from 40 kPa to 60 kPa in yet another enbodi nent, from 1000 kPa
to 14,000 kPa in another enbodi ment, fggom 3000 kPa to 10,000 kPa in another
enbodi nent, and from 3,000 kPa to 6,000 kPa in yet another enbodi nent.

[ 00149] The order of contacting the nononer feed-stream catalyst,
initiator, ag@hﬂ L}Suent I BMother ¥mbbdieMD She iASLIRAY LvignRlid afe- pdO

2004/ 058828 PCT/ US20031040903 60 [00150] | n_anot her enbodi nent, the
initiator andomplixed by puxiag dogsther ncheselestedidibientrforiarprescoled prepurit of t he

sel ected dil e | apg 1 second
to 10 hours, légﬁr%dr. menﬁalﬁghl ?ﬂc?%gn?ﬁo% Rg&s ({nﬁﬁ&ous gcg% OtH?ough a
cat al yst nozzbrtimmous repetotﬁhmugh[amatalystmmlbmmctmmapﬁmtus e[nbmdamsﬂm Lew s

ambod ment - CHPOPAREE B 148 BRAIGHUART e 0cd KL ARttty ol

i njection to ahaﬁezr 8RBodmentDIRd ARty ist Blend¥aNRNE thé FeddOoS@HES Pelile Wi t h t he
Lewis acid, or the Lewis acid conbined with the initiator before the

mononer s ent dijegtion to therepgipr. Perirably] the monpmerisat Aentectest withhe Jgydnt i on, t he
i ni tiator a”%ﬁfldrew the ReWvil RifcontlinddWith %9 nﬁﬁﬁozc ?ﬁ% Xn Qxﬂenttﬂget her in

t he sel ected uent at tenperatures et ween ree2| ng poi nt

t enper at ure otactdie diluent, wth a contact ti rre betvveen 0.01 seconds and
several hours, and between 0.1 seconds and 5 mnutes, preferably | ess than
3 mnutes, preferably between 0.2 seconds and 1 mnute before injection
into the reaqosrsi) [ 001kén émbatiméitef therihvdtion nhe ditiatdrand Deeidtaciiare t he

initiator and_Le acid are allowed to c X, by m xing together in
the sel ect ed 8P \é‘mémpraﬁompgﬁﬁaw&geﬂ@f e S@gcptﬁ@ueﬁsﬁ@mr Iy
between - 40C @3Rghen UC and the freezing point temperature of the diluent, with a contact

time between 0.01 seconds and several hours, and between 0.1 seconds and 5

minutes, preferably less than 3 minutes, preferably between 0.2 seconds and 1

minute before injection into the reactor.

[00152] In another embodiment of the invention, the initiator and Lewis
acid are allowed to pre-complex by mixing together in the selected diluent at
temperatures between 80 and -150°C, typically between -40°C and -98°C.

[00153] The overall residence time in the reactor can vary, depending upon,
e.g., catalyst activity and concentration, monomer concentration, feed injection
rate, production rate, reaction temperature, and desired molecular weight, and
generally will be between about a few seconds and five hours, and typically
between about 10 and 60 minutes. Variables influencing residence time include

the monomey and diluent feed injection rates and the overall reactor volume.

[00154] The catalyst (Lewis acid) to monomer ratio utilized will be those
conventional in this art for carbocationic polymerization processes. In one
embodiment of the invention, the monomer to catalyst mole ratios will typically
be from 500 to 10000, and in the range of 2000 to 6500 in another embodiment.



[00153] The overall residence tinme in the reactor can vary, dependi ng upon,
e.g., catalyst activity and concentrati on, nononer concentration, feed
injection rate, production rate, reaction tenperature, and desired

mol ecul ar wigioghésssend generally will be between about pariiswoyewoeids and
five hours, and typically between about 10 and 60 m nutes. Vari abl es

I nfl uenci ng residence tine include thg;nmononer and diluent feed injection
rates and the overall reactor volunme. [00154] The catalyst (Lewis acid) to

nmononer ratio utilized will be those conventional in this art for _
car bocat i oni gn et 3hdtiet defilaBlR MHVARSREShe tafio T evasThad it piitiatel istfin | NVenti on,
the nmononer to catalyst nole ratios will typically be from500 to 10000,

and in the r &yl K, aooemib7%608 Thenvstaticsonesnistiomeh the intiawoin/thess2s
PCT/ US2003/ 0 : : i fd*bﬂ?é . ' f
Lewi s acid tg%%%?tlsl tggﬂgérﬂﬂq %%r%?n%gﬁgmg ?qg’?ﬁgfp P rom O@géntu’ghgffoﬁtﬁéel gvgr al |

concent r at i onnitiftot fire thencdtalgstofeed sir¢ane is typiwelly ifrons 50 ytpi 3080 ppof imend t o 300
ppmor 10 to 250, he, concentration of the ~initiatqgr in the catalyst
feed stream i*&P egial A?&P?OWYS'B dte%c"%ﬁgﬁ aﬁ“p%f‘f?f%ﬂ@“éﬂ%&%?ﬁ‘? PAnot her way
to describe tiRenmbiiiatiot td thetpoin®r. T ohdembaidaémy thefe i0Yroni 0.95 aR0INt
relative to the polyner. In one enbadi megt,r’réhere Is fromO0.25 tg 20 noles
pol yrer / mol e Helps polymer/melg Anifiatgr, apd dromy0.3 30 2 mole, gplymer/meln eitialrdR at or i n
anot her enbodj,gRatemto@ ] The reactor will contain sufficient anmounts of
the catal yst system of the present invention to catalyze the pol ynerization
of the nononer containing feed-stream such that a sufficient anmount of

pol yrmer havi i red r | St beS.: . e - amin one
Crboc ment - cOMGhs. o 1BF At sl eSS ik QRGEE or BUCLabRRE sPhG57L o)
(based on t heftiemesemsingditionto tdudyzerthapotpmarizatioh ofthe manothec adntdinisg syst en),
greater than 25 wt % in gnother enpadinment. In yet. anot tﬂgr. e odiérent, t he

f eed- st r eam WPIISUEHR SPFP 1 1hBM BoSuthfient; menTh %, B8 r BORE e ATET i on based
on the total chebkabistief isHoMRE. The iféedeittam 3 dné ahBbdifentSibhtadi¥a total

monomer concentration greater than 20 wt% (based on the total weight of the

monomers, diluent, and catalyst system), greater than 25 wt% in another
embodiment. In yet another embodiment, the feed-stream will contain from 30
wt% to 50 wi% monomer concentration based on the total weight of monomer,

diluent, and catalyst system.

[00156] Catalyst efficiency (based on Lewis acid) in the reactor is
maintained between 10,000 pounds of polymer per pound of catalyst and 300
pounds of polymer per pound of catalyst and desirably in the range of 4000
pounds of polymer per pound of catalyst to 1000 pounds of polymer per pound of

catalyst by controlling the molar ratio of Lewis acid to initiator.

[00157] In one embodiment, the polymerization of -cationically
polymerizable monomers (such as polymerization of isobutylene and isoprene to
form butyl rubber) comprises several steps. First, a reactor having a pump
impeller capable of up-pumping or down-pumping is provided. The pump
impeller is typically driven by an electric motor with a measurable amperage. The
reactor typically is equipped with parallel vertical reaction tubes within a jacket
containing liquid ethylene. The total internal volume, including the tubes, is



[ 00156] Catal yst efficiency (based on Lewis acid) in the reactor is

mai nt ai ned between 10, 000 pounds of pol ynmer per pound of catalyst and 300
pounds of pol yner per pound of catalyst and desirably in the range of 4000
pounds of wpaboarmsszper pound of catal yst to 1000 poundspa¥/useobsyosens per pound
of catalyst by controlling the nolar ratio of Lews acid to initiator.

[ 00157] I n one enbodi nent, the pol ynergzation of cationically polynerizable
nononers (such as pol ynerization of isobutylene and isoprene to form butyl
rubber) conprises several steps. First, a reactor having a punp inpeller

capabl e of UprcRRFEiaRBIOK SIOKfrs) WG dagabls oPloys state valameRiolnerizamal | er i s
typically driven by an electric notor wth a neasurable arrperage. The
react or typi &arlispsi sThegtrapiee dymigally ey Hawid) ctipdens; Waflrapve thet hegh of ses within a

j acket cont gii AUl uLn13',n|t qﬂmv -baiCl udi ng t he
tubes, is ngglg%gﬁ@ggg%%gg%éwﬁ%/%ﬂ%éﬁd%h%z gr]g{:ter %%{er%ﬁ%oketkﬁc?cw liters,
t hus capabl eaofonstamtgBowcefl glurry) dihesnhotajalyst i systeinoand mereatted rsonoliess r eact or
typically usgs |iquid ethylene t raw,th . t.h | yner i zation
reacti on away ’f%’n#’f’ I"fggcfn ﬁrﬁ“ﬁ?} S u:}ereyfstr e °gﬁ*ki?% c:%{r}g%f:ﬁg(r B%Jélsgzalbge const ant
flow of sl u[) mononeléxi(s)e{ﬂich a€ dopens tand ysobwtplene)dn urpokaclilentniv ohdrgedsintot hr ough t he
reaction tubes. A feed-stream of the cationi | yner.i zabl. e, nmononer (s)
(such as isoﬁWéﬁ@’t%ngleif%bﬁmé’H@)a‘W lﬁssﬁg?fh&'gééﬁy W%t°¥i°§ﬁ%w%ana nto the
reactor, the sﬂi@@%rﬁﬁd’uﬁ&?‘aﬁ&%ﬁaﬂ#r fide bE&Smhiie hoReMeRS THe %ufdfyscafiean produci ng
silica conpounds, and typically free of aromatic nononers. The catal yst

system is t ifcther phargasdnionthe redstory thg cotalyst syptemchaving s Lewipsacihandadi ng a Lewi s

fpe rond, on ulifhbl Atk RRGAM b dofdiRb3D o 7,0.09Aid O RAbior Il Red O O WM B

t he reactor, stream of nononefs and ca systemare allowed to
contact one saisirhef mondmers phcdtalpst systers afeoalinvweg ta cohtactr gnecdnothet, yieer (such as

butyl rubber wherein the solids.in the slurry has congent.ration of from
20 vol % to S%é%?rb/gh ir}?%”r’?%/,a Wy of Ralymep (Sps aﬁé"?ﬁﬁlugke%c e&‘gngli'ﬁ yl rubber)
is allowed t@olaxiih tHehurfyelRs taoné dibraticiof fodin Q0WbEA t®50 Qblb4.| Bivally, M whi | e
simul taneously allowi ng the feed-stre mchargigg .

thus formed polymer (such as butyl rubber) 1s allowed to exit the reactor through

an outlet or outflow line while simultaneously allowing the feed-stream charging

to continue, thus constituting the continucus slurry polymerization.

Advantageously, the present invention improves this process in a number of ways,

e.g., by ultimately reducing the amount of polymer accumulation on the reactor

walls, heat transfer surfaces, agitators and/or impeller(s), and in the outflow line

or exit port, as measured by pressure inconsistencies or "jumps."
P

[00158] In one embodiment, the resultant polymer from one embodiment of
the invention is a polyisobutylene/isoprene polymer (butyl rubber) that has a
molecular weight distribution of from about 2 to 5, and an unsaturation of from
0.5 to 2.5 mole per 100 mole of monomer. This product may be subjected to

subsequent halogenation to afford a halogenated butyl rubber.
[00159] In another embodiment this invention relates to:

A. A polymerization process comprising contacting one or more

monomers, one or more Lewis acids and one or more initiators in



to continue, thus constituting the continuous slurry polynerization.

Advant ageousl y, the present invention inproves this process in a nunber of
ways, e.g., by ultimtely reducing the anount of polynmer accurul ati on on

t he react §o 200pdseges heat transfer surfaces, agitators sodiszoosepabl er (s),
and in the outflow line or exit port, as neasured by pressure

i nconsi stencies or "junps." 1001581 Ingpne enbodi ment, the resultant polymer
from one enbodi nent of the invention is a polyisobutyl ene/isoprene pol yner
(butyl rubber) that has a nolecular weight distribution of fromabout 2 to
5, and an unsaturationgef bHe@fte Oof 0 dileeni®!BmpRSing 0Con0! 6 Ofygp@noner .

Thi s product may be subjected to subsequent hal ogenation to afford a

hal ogenat ed butyl rubblydroflwoacssthions HEG®Ht her enbodi ment this invention

relates to: A Agol i ey fiHaRiohibh &%Rér%ii%ﬂ&dﬁﬂ{ﬁtac%ln Hfesf'fg °0 0" ©

nononers, one or rnore S aci ne or nore inrtratorsin
2004/ 058828 PCTI US20031 e %IFIF € bhasep nparethe ¢otalfvohuntt dfithadiluentypri si ng one
or nore hydroflygrocarpons (HFC s): B.,Th oces ar agy.gph.A, wherein
the dil uent corrpr"sesaiE‘EBmce%éB %@?&%%&%%?ﬁﬁ%ﬁ”ﬁé%%&ﬂm vol ume of
the diluent; C. The prasRfst &f21RakRes #P85°6; or B, wherein the HFC has a
dielectric constant of 21 or nore at -85C_ D. The process of any of
paragraphs A, B @ C, Whepioressohampel paseraphs £s ByoyiC) whereinthe golygetke of | ess
than 4 wt % E. The pr hSetd: B C or D, wherein the
di l uent further conpri‘s?%gas‘gluﬁé}ﬁ%cg@%%eg@%g@ﬁe prc()’i:ess of any of paragraphs
A, B, C, D, or EE.wher&henprdvess ofhaay af paragmphseAed, e, 6r & wieseig rtbaip
consi sting of hydrogen_ hal|de a carbqgxylic.acids, water, tertiary alkyl
hal i des, and mixtures 9 ngiy@;&r cothprises 3 hyfrocarbor:

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

initiator is selected from the group consisting of hydrogen halides,
a carboxylic acids, water, tertiary alkyl halides, and mixtures
thereof;

G. The process of any of paragraphs A, B, C, D, E, or F, wherein the
monomers are selected from the group consisting of styrene, para-
methylstyrene, alpha-methylstyrene, divinylbenzene,
diisopropenylbenzene, isobutylene, 2-methyl-1-butene, 3-methyl-1-
butene, 'Z-methyl-z-pentene, isoprene, butadienes, 2,3-dimethyl-
1,3-butadiene,  B-pinene, myrcene,  6,6-dimethyl-fulvene,
hexadienes, cyclopentadiene, methyl cyclopentadiene, piperylene,
methyl vinyl ether, ethyl vinyl ether, isobutyl vinyl ether, and
mixtures thereof;

H. The process of any of paragraphs A, B, C, D, E, F, or G, where
styrenic block copolymers are present in the contacting step;

I The process of any of paragraphs A, B, C, D, E, F, G, or H,
wherein the temperature is 0°C or lower;

J. The process any of paragraphs A, B, C, D, E, F, G, H, or I, wherein
the temperature is within 10°C above the freezing point of the
diluent;

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



G The process of any of paragraphs A, B, C, D, E, or F, wherein the
nononers are selected fromthe group consisting of styrene, para-

nmet hyl st yrene, al pha-net hyl styrene, divinyl benzene, diisopropenyl benzene,

i sobut yl ewe,20d/088828y! - | - but ene, 3-nethyl-1- butene, 2-wetiszhesde@ent ene,

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

6, 6-di net hyl -ful vene, hexadi enes, cycédsopent adi ene, nethyl cycl opentadi ene,
pi peryl ene, methyl vinyl ether, ethyl vinyl ether, isobutyl vinyl ether,
and mxtures thereof; H The process of any of paragraphs A, B, C D E F,

or G where stylenic Tﬁeqsrkces@mnymﬁparagamspﬁ,e&e&tDimR,@QO@dq ng step;
1. The process of any ar ag hs erein the
tenperature is OC or $ 'g”e‘#?? “B’Féo@ @%185%%%6&2%&&%&*] C, D E
F, G H or |, wherei n.gottdqe tenperature is within 10C above the freezing
point of the diluent; K "The process of any ofxgpara raphs A, B, C, D E F,
G H I, or J, %erelThetmeC%$QﬁW°if§ar§Eﬂ§Bh5a&{B H, bf), okker ;. VO
2004/ 058529 PCT/ US2003(40305 cfhel.colffioRt %%ﬁﬁaﬁ s UuP36 520NS A B,

C D E F 0 H 1 eterrperatu 105C and
- 60C, preferably -BOGvatM(ba'dsdupmmwaglst),cahdany of paragraphs A BC D E F,

30 phm et er (bNsed P BREGR) AR 1 OTHE S%?p&%&#“ﬁ#&&i@ﬁb@aéﬁ; Ly

paragraphs A, B, C DI, EXH, oM. H, I, L, or | NDUSTRI AL
APPLI CATI ONS

INDUSTRIAL APPLICATIONS

[00160] 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.

[00161] The polymers exhibit high damping and have uniquely broad
damping and shock absorption ranges in both temperature and frequency. They
are useful in molded rubber parts and find wide applications in automobile

suspension bumpers, auto exhaust hangers, and body mounts.

[00162] The polymers of the instant invention are also useful in tire
sidewalls and tread compounds. In sidewalls, the polymer characteristics impart
good ozone resistance, crack cut growth, and appearance. The polymers of the
invention may also be blended. Properly formulated blends with high diene
rubbers that exhibit phase co-continuity yield excellent sidewalls. Improvements

in wet, snow, and ice skid resistances and in dry traction without compromises in



[ 00160] The polyners of the invention provide chem cal and physi cal
characteristics that make them highly useful in wde variety of
applications. The |ow degree of perneability to gases accounts for the

| ar gest uw@0Rfosésbese polynmers, nanely inner tubes armCTis2e03r0m%e3 | i ners.
These sane properties are also of inportance in air cushions, pneumatic
springs, air bellows, accunul ator bagsss and pharnmaceutical closures. The
thermal stability of the polymers of t%e i nvention make them i deal for
rubber tire-curing bladders, high tenperature service hoses, and conveyor
bel ts for hokhde kistharBa el fling] ROMMe THeniBR! PeMRERamosNiRl teaflitgh danpi ng
and have uni quely broad danping and shock absorption ranges in both

t enper at ur e aasemplishgd, byivsing theaplymereofitheinsfpntjinvemipeled rubber parts and find
wi de applications in autonobile suspension bunpers, auto exhaust hangers,
and body nounts. [00162] The polyners of the instant invention are al so
useful in ti[08163i dewdBlemdsaofdh¢ pelgahersafplouinstentionrwith teywadplastic trégnspol yner

characteristics ippar 00d ozqne resistance,. gcr.ack cu wt h, .and
appear ance. Ffe®p |9r”&ugﬂqﬂngt Ré % EHPS S'né?gg'ldg%snb’ep‘%}'egﬁ?g@ﬁmﬁoperl y
formul ated bisaaefs pljgoylete i 6 moHHBEHALITWI300M Wb ipoBIabaytAeCONt | NV ty

yield excellent sidewalls. |nprovenents in wet, snow, and ice skid

resi stances Hrrertrin agpljcatipny thednstayt pplymersquomidsior a dighlhelggticzomararigs2s
PCT/ US2003/ 0 i i and:toll i ' for high
ﬁ&?%proée‘és%g > iHdbné %‘gﬁé@&lgég Wftiph2 | Ae lfp%ﬁjen?ér@'aﬁ Be' OF NI Q

performance tires' can acco g the pol'yrmers of the instant
i nvention. [ 0Bt6Ghvditiendwyalsotiedlqnded wih polyimidesto produreiother widuktrial
thernoplastic resins are used for toughening of these conpounds.

Hi gh- densi t y P9y | ene and isotactic pol ypropyl ene are often modified
with 5to 30 wt % of polyisobutylene. In certain applications, the instant
pol ynmers provide for a_highly elastjc conpound , that i§ processable in

t her nopl ast i Loollrg‘ﬂqi ng %PBWBWS. o%—ﬁée ﬂgqt%épger@pnj[ may ffsl?%tbﬁn?se n¥ention may
al 50 be bl engegsived RaBRLYAIARS she gREAYUGRIRES. THRYUSE I usdiPd cat i ons.

plasticizers in rubber formulations with butyl, SBR, and natural rubber. In linear
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.

[00165] 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.

[00166] The following examples reflect embodiments of the invention and

are by no means intended to be limiting of the scope of the invention.
EXAMPLES

[00167) The polymerizations were performed glass reaction vessels,
equipped with a teflon turbine impeller on a glass stir shaft driven by an external
electrically driven stirrer. The size and design of the glass vessels is noted for
each set of examples. The head of the reactor included ports for the stir shaft,

thermocouple and addition of initiator/coinitiator solutions. The reactor was



[ 00164] The polyners of the instant invention nmay al so be used as

adhesi ves, caul ks, seal ants, and gl azi ng conpounds. They are al so useful as
pl asticizers in rubber formulations with butyl, SBR, and natural rubber. In
i near | owg nesoses2g pol yet hyl ene (LLDPE) bl ends, they POHUSMOXM4DING t o
stretch-wap filnms. They are also wdely enployed in |ubricants as

di spersants and in potting and electriggal cable filling materials. [00165]
In certain applications, the polyners of the invention nmake them al so
useful in chewi ng-gum as well as in nedical applications such as

phar maceut i cabolsd P8 Idesiredtehctibe tehigefatird) liskd ifi ithd ThHIEY, By ihBfekif]id he
foll ow ng exanpl es refl ect enbodi nents of the invention and are by no neans

i ntended to tesepibind: reaglobrintene reElpe Qsfisehexane, bath iothe dEANRLESHE 00167] The
pol ymeri zat | qfg, BPHIOLIRE B @BSrbdi Bt Ofas! SSREIRA 10PAUbdePedM Lh 2
teflon turbine i npellér on a glass stir shaft driven by an ‘external

el ectrical |y «gpirstas irs litgid eontadteith itiereactibndgsdign weretdikdgltaseevansdel s is
noted for each set of exanples. The heﬁad of the reactor included ports for
the stir shafepoledt Bepnsittogen catiasphsrsqibefosh wse- | dpebusitiene (Mathesana oy

sol ut i ons.  Tiit35hi9 antHicdifP A CARORBARED W2 QB3 B9 GAe 6 55001 od Lo

the desired reaction tenperature, listed in the Tables; "by I'nmersing the
assenbl ed r edbough threestainlgse steslnolumansi conthisingrharipmtdxiderand veerelegnderord  The

tenperature qf .t ti I ned. o n L h r.0 0 2C, Al
apparatus in aﬁd&g[?e egoaﬁt@gidgﬁpﬁ ﬁg&;.eg@ﬁ%ﬁ%&gﬁé&ﬁﬂlc rogl% Mag&ng 120C and
cool ed in a riyt pazsiap thé pieugh brafndese stesk colusmb Woyitating Tes ek and or
ExxonMbbi |) ar){gp t% I C@EEO idg;_gAi r SPrsod g??sﬂ) re dried.b .rgeas ing the gas
thr ough ¢ hr ednleciias slves: JBethmaestaliiere caReRicn 715 SPLPTE POLRNES BBe vor o
condensed angy &6k | B6pr&it @3ddidhd WA ried ovBEc AN ridfah® aRaled fhdéer Mt hyl

A

chl ori de was i ed by passing the gas through stain|ess steel colums

cont ai ni ng siAigen gaYiethylstyrens (Aldgich) way dxjedsovepsalhivam hydridg| apd \distilled ondensed
and col | ect eq;3s L&cﬂ%gsTMP(E]h@-chloro—Z,4,4,-u'imethy1pentane) was prepared from
2,4,4-trimethylpentene-1 and a 2.0 mol/L. sclution of HCI in diethyl ether. The
TMPC! was distilled before use. The HCI (Aldrich, 99% pure) stock solution was
prepared by dissolving a desirable amount of HC1 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.

[00168) The slurry copolymerizations were performed by dissolving
monomer and comonomer into the liquefied hydrofluorocarbon at polymerization
temperature and stirred at a pre-determined stirring speed between 800 to 1000
rpm. The use of a processor controlled electric stirring motor allowed control of
the stirring speed to within 5 rpm. The initiator/coinitiator solutions were
prepared either in the hydrofluorocarbon or, for convenience of small-scale
experiments, in a small volume of methyl chloride. The initiator/coinitiator

solutions were prepared by dissolving the initiator into the diluent (specified in



dry box. Isoprene (Al drich) was dried over cal ciumhydride and distilled
under Argon. p-Mthylstyrene (Aldrich) was dried over calcium hydride and
distilled wunder vacuum TMPCLl (2-chloro-2,4,4,-trinethyl pentane) was
prepared {ygiveoksghsd-trhnet hyl pentene-1 and a 2.0 nol / poppkisbi/ageedf HCL in
.diethyl ether. The TMPClL was distilled before use. The HO (Al drich, 99%
pure) stock solution was prepared by dissolving a desirable amunt of HC
gas in dry McCL to achieve 2-3 % concentration by wei ght. The

hydr of | uor ocar bons that were collected as clear, colorless liquids at -95C
were used as, f b e u had
visible i nsol u gfﬁgffplﬂgﬁeiﬂ@?@@g%c%r | stl I r@d\ﬂ gOl%dr?legﬁstg Pr opane
(Al drich), usﬁwlaamnmehahé@i The gnitiater/evisitidton nolutiere was sised lmmq:hatdly

Al kyl al umi | d h d 3 a0 S0l ons.
L B e A IR 5 S AR B
al kyl al um nuehilled cdlaser Pabeeur (16 84r, Tptiondlly] raymkaedl »m‘e;ﬁpxﬂgatﬂ,m foEr €

performed by dissol vi,n nmer and cononomer the |iquefied
hydr of | uor oc& eSaPSIBg t??rlgp&f%lt glass r"@%‘?ﬂi’e?’%ﬁ:‘ﬂ? e WAER & $eopr oF ithizd

pre-determ n%ﬂtlétbﬁédlﬁlﬂ&o§ R oR eisWeRRIfRAOint %elg% e Myve ThEerUsE 18 2
processor controlled electric stirring notor allomed control of the
stirring spe@uepexstion tamdn a@dm@nofmeseicmct ot @nﬂcbatnlnwfatfmhlmprspar@hs wer e
prepared eit e |1 -scal e
expori ment s, dngeratedalfiedy Seifiod RGEE 10 voflbre b cRMARLANEF AR SRLT TR O
sol utions vvelbetch.r &baphybx@behasmbﬂth&gub&mphmﬂes atdtheistatoof foeling waent

(specified | 4/ 0588 03/ 67.e of the exanples) and
Rt g, it t h SFERAEE ok T Gk G ARG FE FHE CHER) PR BV IR D, The

i ni tiator/ coighéving He SHPKRHA £ M@ﬁng'ﬂ%jpdrﬁm@ﬂ\bvﬂi alcmuedEb@mla Stirring
initiator/coinitiator solution was added dropw se to the %rér!?rl zation

using a chi a8 egiusagginangd; the reagfiguequenchsd withsthe additios of &Tej't&"c &80 dr oppi ng
funnel Tor  GHERRIRS of Shitfladd® BORVRio i epciRA sl GRIHP TRRieR: oFVifD @ second

or third initrator/coinitiator lon i s specifie t he exanples, we
refer to themonomersconverted to polymer

[00169] Polymer molecular weights were determined by SEC (Size
Exclusion Chromatography) using a Waters Alliance 2690 separations module
equipped with column heaters and a Waters 410 differential refractometer
detector. Tetrahydrofuran was used as eluent (1 ml/min., 35°C) with a set of
Waters Styragel HR 5p columns of 500, 1000, 2000, 10%, 10° and 1054 pore size.
A calibration based on narrow molecular weight polyisobutylene standards
(American Polymer Standards) was used to calculate molecular weights and
distributions.

[00170] Polymer molecular weights can be determined on other SEC
instruments using different calibration and run protocols. The methodolgy of SEC
(also know as GPC or gel permeation chromatography) to characterize polymer
molecular weights has been reviewed in many publications. One such source is
the review provided by L.H. Tung in Polymer Yearbook, H.-G. Elias and R. A.
Pethrick, Eds., Harwood Academic Publishers, New York, 1984, pgs. 93-100,

herein incorporated by reference.




preparation and addition of a second or third batch of freshly prepared
initiator/coinitiator solution identical in volunme and concentrations to the
first batch. The physical behavior of the rubber particles and the state of
foul i ng wa® 200dses281 ned at the end of the addition of Pewkswey@bypdt batch by
stopping and renoving the stir shaft and probing the particles with a
chilled spatula. Stirring was begun ag fil n and the reaction quenched with
the addition of greater than 100 mcroliters of methanol. Conversion is
reported as wei ght percent of the nononers converted to polyner. 1001691

Pol yner ol ega@ 1swe' o] SiolGhé: Aﬁ%&g&aﬁﬁﬁ RyasSEGetbrmlifd  B¥C! 4

Chr omat ogr aphy in ters nce 2690 separations dul e equi pped
with col um hp,@ltremstmnd WMt ercasuteh@enti fWere eoblagledr f | ac fiddestrengtilet ect or .

Tet rahydr of uran_was,.us m 4 Wat ers
Styragol | PR SOUPRRIEE S 4@y 8 gho TR B soigil wite Shsiesii o, 7. ' A
E:al i bration lbaﬁladam ngradoBmlm-l eﬁ;ulhoar NMER gilllbctﬁ?hettrs@@ﬂérﬂl | esirey {Il}mﬂards g
ArrerlcanPoy r ar.ds al cu e npl e r wei ghts an

di stributi on§° 8# %Fé%‘ﬂ’@ ﬁ"’é\ﬁe’fvﬁ‘ﬁt’%&’@aﬁ’f’ ‘erm ned on ot her
SEC mstrurrents u5| ng dlfferent calibration and run prot ocol s. The

met hodol gy of SEC (also know as GPC or gel permeation chronatography) to

characteri ze [p7gher  dApvadety aof WMEyhmsthedss hpee beere\useduetel ¢harastenige
bl t
Iglcj)l ylmg(rfj1 I\(ggfboglggoi#céé I ggn 2%% S%h%ﬂgeemﬁﬁltwﬁﬁ‘?rgzﬁ q@g‘g%&ﬂar o]'u gc adem ¢

Publ i shers, Naase Yieathods eddbe mipiicatdStolhe polyneredhthininverionat ddgdngrat ef er ence.

WO 2004/ 058828 PCT/ US2003/ 04090 68 [.0017 oner_incorppration was
det erni ned by **TEIfHRY eE"tVFWFeS{P?/ (%W@ ?608@% §P%P@°%t§1 9 at a

field strengtoharaa@ﬂiﬁsﬁwqjon@e&plﬂ@mwcmwﬂﬁl %er TeddhbOKS PHGG. 2 wer e
recorded at room tenperature on a Bruker Avance S trorreter system
usi ng cDC13 Elias and R. A. Pethrick, Eds., Harwood Academic Publishers, lew York, 1

pgs. 249-257, herein incorporated by reference.

[00173] Table 1 lists the results of polymerizations conducted at -90 to -95
°C in hydrofluorocarbons and methyl chloride (CH3Cl) (Example 10) and propane
(Example 11) for comparison. A 100 ml glass mini-resin kettle was used for these
examples. TMPC1 (2-chloro-2,4,4-trimethylpentane) was used as an initiator in

these examples.



solutions of the polyners. Al chem cal shifts were referenced to TMS.
[00172] A variety of NWVR nethods have been used to characterize conononer
i ncorporation and sequence distribution in copolyners. Many of these

met hods nwp 200@/0883ps | cable to the polynmers of this i nvendtngszoes@ener al
reference which reviews the application of NUR spectronetry to the
characterization of polynmers is H |t.gKricheldorf in Polyner Yearbook,
H-G Elias and It. A Pethrick, Eds., Harwood Academ c Publishers, New
York, 1984, pgs. 249-257, herein incorporated by reference. [00173] Table 1
lists the results of polynerizationsrggegucted at -90 to -95 Cin

hydr of | uor ocarbons and met hyl chl oride (CH3Cl) (Exanple 10) and propane
(Exampl e 11) for corrparlson A 100 Ml glass mni-resin kettle was used for

t hese exapptes: O 2V | \ContBetih T —Was—gt 7 an
initiator jn these Cexal ol es. VIO 20b4/q58828 F!iC,: USZ TE/ 04090B" 69 [Table 1'
Tenp. Vi el jEGmletsU6) My Ribiest ixoebl ¢ (¥F-%0) uemll? gy MviM. peYPx 1O M'/M
P " - 95-CH3F—O186-24 112252412 41,1’%-"‘%42F28.%8 83—365-3.1 1.7
3 -90 CH2FR 01Y9 D4-% 297 THF1 5§ 080.95 QWR3 1|8822%47.1 308 4/ 612.2| 5 C -95
CH3CHF2 1. #8—S3731842215— 1t 46114 —=95TCH3CF3—2189—72- : 3272326 7 -95
CH2FCF3 1.1u8 7. 338% 2|5 €HF: 8Q 398 CHF28HF2 p. 8¥W541]0 342 p.372.B 9C, a
-95 CHF2CFR—63929 3t 8241090 CH3CH 058145397331 3 11
-95 Propang 2337 |{59% ¢7 £H#F2 ¢ 099 243 297 34 1.3
4 95 CHF; 1.88 47.1 390 4,6 2.2
5° -95 CH,CHF, | 148 37.3 842 25 1.4
6%¢ -95 CH,CF; 2.89 721 327 23 2.0
7°¢ -95 CH,FCF; | 148 373 384 2.5 1.7
8° 95 | CHF,CHF, | 0.82 41.0 142 2.3 2.3
g -95 CHF,CF; | 039 29.3 106 2.8 2.6
10 -90 CH,Cl 0.58 14.5 397 3.3 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 methy]l chloride using 1.6
microliters of TMPCI and 11.5 microliters of a 1.0 M hexane solution
of methylaluminum dichloride (MADC).

b: Three initiator/coinitiator batches added to the reactor

c: Two initiator/coinitiator batches added to the reactor

d: ethylaluminum chloride (EADC) used in place of MADC

e reaction scaled to 10 ml of diluent

[00174] Polymerization in any of the hydroflucrocarbons 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



a: Except where noted polynerizations were run with 30 m of diluent, 5.4
m of isobutylene and 0.23 ml of isoprene (IP), initiator/coinitiator
solutions were prepared in 1.3 m of nmethyl chloride using 1.6 mcroliters
of TMPCl sishoddesss2gi croliters of a 1.0 M hexane sol uti por/usfoosmdogl al um num
dichloride (MADC). b: Three initiator/coinitiator batches added to the
reactor c: Two initiator/coinitiator batches added to the reactor d:
et hyl al um num chl ori de (EADC) used in place of MADC e: reaction scaled to
10 nil of diluent [001741 Pol ynerization in any of the hydrofl uorocarbons
resulted in rRbREd abdvidesded Dyt prodsing ¢h hedh Wb achillea s?ﬁ'lﬁla“@ﬁénstcﬁéd the
reactor or to the stirring shaft. The particles floated to the surface of
the |iquid wies 1seqtionjteraperatnisy Ealymprigatipn,ip;rasthyd cyorEgowsuwse Sp gubber
PCTI US2003/ 0 j sgh%%?' ith a
chilled spat éﬁ%gv%ﬁgﬁp%dg@{egé@%@gé rregéaftaéﬁ%gﬁggg%er at %%Pg;ﬂglhérﬁ%%mti on in
met hyl chl or ivbee clesly rublebry whenujrobed witha g chitled spatiia whenltested dedraedotivlh t he
reactor walls and the stirri.ng shaft. The ryi.cl e re.clearly. rubbery
when probed 'I?Wrﬁmghi??ltgﬁ‘e% B8 Wetrg@g% ]ﬂé“af‘”?'\ﬁgaé?ilw%ﬁl‘%er ature,
Pol yneri zat i @gactién, (The @arer ?I%blw.a@dlehﬂy ficH Cpobfiaeraviierelbl We llightet phas¢ eact i on.
The denser phase was clearly rich in polyner where as the lighter phase was
rich in propdf8IckiLpPP®E- 12 - 14 1001751 Results for pol ymerizations
conducted at -50 to -55 C are given in Table 2. Exanples 13 and 14 are
conparative exanples. A 100 ml glass mni- resin kettle was used for these
exanpl es. TMvESemples ¢ht &F 0- 2, 4, 4- trinethyl pentane) was used as an initiator
in these exanples. Table 2 Tenp. Yield Conversion M Exanple (C) Diluent (g)
(W. %. kd0'' MVWM M1% | P

[o0175] 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 22

| Temp. |0 | Yield | Conversion | My ]
Example | - (C) Diluent: (g)‘ '(Wt._%)' - x10° M,/M, | Mol% IP

12 -55 CH,F," 1.1 29.0 205 22 1.9
13 -50 CH;Cl 1.1 29.0 52 1.5 1.1
14 -55 Propane” | 1.2 309 87 22 1.8

a Polymerizations were run with 30 ml of diluent, 5.4 ml of isobutylene
and 0.23 ml of isoprene (IP), initiator/coinitiator solutions were
prepared in 1.3 ml of methyl chloride using 1.6 microliters of TMPCI
and 11.5 microliters of a 1.0 M hexane solution of methylaluminum
dichloride

b: Two initiator/coinitiator batches added to the reactor



12 -55 CH2F2b 1.1 29.0 205 2.2 1.9 13 -50 CH3C1 1.1 29.0 52 1.5 1.1 14 -55
Propaneb 1.2 30.9 87 2.2 1.8 a: Polynerizations were run with 30 m of
diluent, 5.4 m of isobutylene and 0.23 m of isoprene (IP),

i nitiat orwoaooajosgsag or sol uti ons were prepared in 1.3 pdr/usooamidoyd chlori de
using 1.6 mcroliters of TMPCl and 11.5 mcroliters of a 1.0 M hexane
solution of nethylalum num dichloride;b: Two initiator/coinitiator batches
added to the reactor WD 2004/058828 PCT/ US2003/ 040903 71 [00176] The

pol yneri zation in difluoronmethane gave rubber particles that exhibited

stiff-rubbergorgysi calThppeReictizfionds mﬂcﬁ@ﬁ&a&eb%av@&ameﬂgamcteb tiatchi | | ed
spatula at reaction_t er@grat ure. Mnor anounts of fouling were _evident on
the react orexbibited stiffrabbesynhysigal preprerties pp evidensad b¥ srebingwith gichilled | zati on in
met hyl  chl Qg : ' i Btk ; AVA T t he
react or wal ﬁgéﬂﬁftﬁﬁtgﬂbgﬁéﬁf%\ééﬁg%ﬁa‘\gl/ery Ielgtft lggo thgld%igl@orr%l? was
"suspended" reavtarhwealtsi angestirring dhafin in Thmpmisopathe prdigmetizationy e mietidi on

experinment dj ot | pok. appreci abl.y different han the run at,-95C (Tabl e
TPt Ehioraf st o dRRteS s Aike B ool i Yo ol B ey Wil o, ( Phase
Wﬁ.S rich in ﬂﬁﬁ?ﬂg’%&ﬂamrﬁ ﬁlﬂe?fjﬂi&t@ﬂym&iam "Euis_pgndbdf‘b ilnpholﬂﬁlﬁm metiRnol yhrrer i E
t he presence_of the propan i ] uent was consl| dera ess Vi.scous than the
pol yner £ or rE RTPPARA deHB BT AL CReRTF aﬂtplpglggame@a sid[ffmnm Tabl e 3
ists the T qg PYSYERTLAEL] BREAO NG phlses Werdadpirent in h
hydr of | uor ocar g%ﬁ%e?ﬁyﬁﬁ‘%&’l e tﬂieng)g. Agfooses?n E]el fserrﬁ Innl -?esi n kettle
was used f aeadtidres®hedenspt phase MdBGlich i polymenaR] thedlightérnphiag lrickrinane) was
used as an initiator ip thes%lexargl es, ,labl e 3%i Conversion .M.

propane. e polymer in the presence of the propan€ diluent was comnsiderably

less viscous than the polymer formed in the methyl] chloride run.
Examples 15 - 21

[00177} Table 3 lists the results of polymerizations conducted at -95 °C in
hydrofluorocarbon / methyl chloride blends. A 100 ml glass mini-resin kettle was
used for these examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was used as an

initiator in these examples.

Table 3*

T o Conversion] M, | e
Example] - Diluents | Vol % | Yield (g) Ve %) x 10*“;:"1\4.;/1\/1,,' Mol% IP
15 | CH:CUCHGFCFs | 95/5 | 297 740 | 234 | 35 12
16 | CH,CUCH;FCF; | 90/10 | 1.90 470 | 600 | 29 1.6
17 | CH,CUCH,FCF, | 8515 | 2.58 640 | 435 | 25 13
18 | CH,CUCHFCF; | 85/15 | 1.83 460 | s70 | 25 1.7
19 | CH:CUCHFCF; | 80/20 | 1.85 466 | 285 | 27 15
20 | CHCUCHF, |8or0| 322 800 | 312 | 32 1.9
21 | CHsCUCH:CFs | 80720 | 2.83 706 | 179 | 27 22




Example Diluents Vol %Yield (g0 (W. %9 X 103 M;/M MI%IP 15
CH3CI / CH2FCF3 95/5 2.97 74.0 234 3.5 1.2 16 CH3C/CH2FCF3 90/10 1.90 47.0
600 2.9 1.6 17 CH3ClI/CH2FCF3 85/15 2.58 64.0 435 2.5 1.3 18 CH3C / CH2FCF3
85/ 15 1. 8wd'mofdosssfe 2.5 1.7 19 CH3CI/ CH2FCF3 80/ 20 1. 86TA482003/@28%032. 7 1.5
20 CH3CUCH2F2 80/20 3.22 80.0 312 3.2 1.9 21 CH3CUCH3CF3 80/20 2.83 70.6
179 2.7 2.2 WD 2004/ 058828 PCT/ US20031Q40903 72 a: Except where noted

pol ynmeri zations were run with 30 m of diluent, 5.4 nl of isobutylene and
0.23 m of isoprene (IP), initiator/coinitiator solutions were prepared in
2.6 M of methyl chloride using 3.2 mcroliters of TMPCI and 23.0
mcroliters of a 1.0 M hexane sol ution of ethylalum numdichloride (EADC)

b: met hyl al urf numEFeR VBereRoted\pebperizatens wWereadm voth 3 m) o diipenbuhd
di chl ori de (EADC) nﬁX@fTﬁgoﬁﬁféae an&S%?ip(ﬁng‘ i ?éﬁlet(g%gf%@%weaﬁh%}' ons

conducted at -55 Care givéen in T bat
i nitiator/coiniti aolutionsoere ipreparedsn ééusleﬁmﬂhylethbllmdemsinpl?’e’l misrolt®® m gl ass

m ni-resin kettle d f fy I chI

2,4,4-trinmet hyl peﬁ’ gncﬁsgddq |£rIPfe t(%-BNPh% P%%ang %ox%tf%’l é’g Table 4
Conversi on M Exagpy / talﬁulnumrﬂlaﬂdmﬂe‘{/EMDQDd (9) (W.,% Xit? ;M Mol % | P
22 CH3CUCH2F 3 90/ 10 35 61.7 23 . CH3 3.85/15 2.96 77.7
77 2.2 2.2 Q@ﬂé @f@g”@esé‘i@%é %Szdlméteéé “%%szlrws

75/ 25 2. 38 62. S BQichld?idé (EADC)
Examples 22 - 25

[00178] Results for polymerizations conducted at -55 °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*

o K S "~ |Conversion; M, v .
Example|  Diluents | Vol% |Yield (@) (Wt%) | X 10° | M/M, [Mol% IP
2 |CHCUCHFCR| 9010| 235 | 617 | 8 | 17 | 22
23 |CH,CUCH,FCF,|8515| 296 | 77 | 77 | 22 | 22
24 |CH,CUCHFCF;| 8020 237 | 622 | 82 | 19 | 20
25 |CH:CUCHFCF| 7525 | 238 | 625 | 88 | 20 | 22

a: Polymerizations were run with 30 ml of diluent, 5.4 m! of isobutylene and
0.23 ml of isoprene (IP), initiator/coinitiator solutions were prepared in 1.3
ml of methyl chloride using 1.6 microliters of TMPCI and 11.5 microliters
of a 1.0 M hexane solution of methylaluminum dichloride (MADC).

Example 26



a: Polymerizations were run with 30 m of diluent, 5.4 m of isobutylene and
0.23 m of isoprene (IP), initiator/coinitiator solutions were prepared in
1.3 m of nethyl chloride using 1.6 mcroliters of TMPCO and 11.5

m crol it ews20@fosss2d. 0 M hexane sol ution of methyl al uni remustoesuseos de ( MADC) .
Exanpl e 26 WD 2004/ 058828 PCT/ US2003/ 040903 73 [00179] A polynerization was
conducted wi th net hoxyal umi num dichl o44 de at -95C. The
initiator/coinitiator solution was prepared by dissolving 0.93 microliters
of anhydrous nethanol into 2.6 m of liquid 1,1,1,2- tetrafluoroethane at
-35C. To thi j003jut i onAVaslyiRéRaicd Wae' obidueted okitlR IncthoxPRluhlaugo! ution of
et hyl al um num di chloride in pentane. This solution was stirred for 10
mnutes., A Sisbloride aloP81C.oAheinitigterieinitiaton selutien wagpsepassd byTdissebyile  sol uti on,
3.2 mcrolitagx . I < -t yl.pen dw stirring
and cool ed - SQE %%@%ﬁ%o%f?f%hﬁér%r éﬂeg@%@d '@?og\%% ?ﬁgﬁ pl\CI)YII’fy?r'eri zation
sol uti on wi t ketafladtodthar 4i-p1QA.e To.thid sdtfiontwagladdad DB mictolikknoketitdl €  was

used for this exanple. Table 5 Exa | Diluent Yield (g). Conversion (W. %
M x 10 M, .M‘WOFQ'?Y@W%M@ER%&M@E ahsﬁ.se?uneamns@r% [ 00180]
Table 6 |i st gl fiemiRnddl L& Qo BALNITEWhs Pidped GRIIHY Ghrie \@&}r - Po€acrconduct ed
in an 85/15 (V/V) blend of 1,1,1,2-tetrafl uoroethane and 1, 1-

di f | uor oet haselutiophi B2 rmoisraliters refd e2-elilete-R04wimethylpehters (was Saddedriwithf

| sobutyl ene, ,.Q. 26 of; L sQriene d used a initi rhcoinitjator solution
prepared in SUECH anrairr@?ﬂw %ﬁl g’ri dgo sﬁ°ﬁ‘§°§? ZW?JFFC?(@%& dropwise {P and 32.0
mcroliters @blymedizdbiolylsol€is@RethSeOEHillddoipedte. NBL 100! ral plagsnini-eisitettd de ( MADC) .

A 100 Ml glass mni- resin kettle was used for this exanple. Table 6
was used for this example.

Table 5

[Examplé Diluent | Yield (g) Conversion (Wt. %)| M.,x 107 M,/M, |Mol% IP

26 CH,FCF; 2.61 65 248 2.6 26

Example 27

[00180] Table 6 lists the results of a polymerization conducted at -95°C
conducted in an 85/15 (V/V) blend of 1,1,1,2-tetrafluoroethane and 1,1-
difluoroethane. This run was made with 30 ml of diluent, 5.4 ml of isobutylene,
0.26 ml of isoprene and used a initiator/coinitiator solution prepared in 2.6 ml
methyl chloride using 3.2 microliters of TMPC! and 32.0 microliters of a2 1.0 M
hexane solution of methylaluminum dichloride (MADC). A 100 mi glass mini-

resin kettle was used for this example.

Table 6

o Conversion "My . -
Example | Yield ()| (Wt%) | X10° | MyM, | Mol% P

27 0.28 7 772 2.8 1.8




Conversion Exanple Yield (g) (VEY®Y X YO M/M M1%re 27 0.28 7 772 2.8
1.8 WD 20041058828 PCT/ US2003/ 040903 74 Exanples 28 - 31 [001811 Table 7
lists the results of polynerizations that were conducted at - 95C in

hydr of | uowecaiswessss and a bl end of a hydrof | uor ocar bon Er¥AUSERA3KYE%03 Chl or i de
usi ng p-nethyl styrene (pM5) as a conmononer. A 100 ml glass mni-resin
kettle was used for these exanples. TMRCL(2-chloro-2,4,4-trinethyl pentane)
was used as.an initiator in these exanples. Table 7' Conversion. M Exanple
Diluent Yield (g) (W. % X 10" MMM Ml % pMs 28 CH2FCF3 1.37 33 322 3.2
2.1 29 CH3Cl/CH2FCF3 0.96 23 762 4.2 2.2 80/20 VN 30b CH2FCF3 3.81 92 160
3.3 3.6 3lb,c CH2FCF3 1.18 28 278 3.2 1.8 a: Except where noted

pol ymeri zat i Buemples 28 +3In with 30 nil of diluent, 5.4 nl of isobutylene and
0.34 m of p-nethylstyrene, initiator/coinitiator solutions were prepared
in 2.6 mM of nmethyl chloride using 3.2 mcroliters of TMPCl and 23.0
mcroliters (f0181]1. 0 MidbdeAlists thelresults nf pdlymerizatibmsl thati werencshidatiedni -de ( EADC) .
b: 32.0 micrqliter f a 1.0 M hexane sal ufiaqn of_ ethylal um num djchloride
was used insgé‘J “bi‘y&ﬂg“%ﬂ%‘i’ﬂnsn Geql?Pd(%é aﬁw&v&m&qca@% qﬁdc‘inﬁnt]ihy]lt ers of

2- chl or o- 2- ”Eﬁlbﬂélﬂsﬁi%%g@eﬂkzﬁﬂrr&%% (BMRY & Qémﬁ&l%ma;./aﬁoo #ﬁgﬁsg Iﬂmﬁ@aggjeg 00182]

Pol yneri zation in an the "di luents of Table resulted in ru

particl es t hkgttlelwgs pssd fertheseexemplenh I MR @-chlore-B4,4-weatylpestangbwashe stirring

shaft. The  yeeq asan initiator in these examples.

Table 7*

C y o Conversion .| ' M, .| .
Example|  Diluent - |Yield(g)| (Wt.%) | X10° | MM, |Mol% pMSs
28 CH,FCF; 1.37 33 322 3.2 2.1

CH,CI/CH,FCF,
29 2020 VIV 0.96 23 762 42 2.2
30° CH,FCF; 3.81 92 160 3.3 3.6
315 CH,FCF, 1.18 28 278 3.2 1.8
a: Except where noted polymerizations were run with 30 ml of diluent, 5.4

ml of isobutylene and 0.34 ml of p-methylstyrene, initiator/coinitiator
solutions were prepared in 2.6 ml of methyl chloride using 3.2 microliters
of TMPCl and 23.0 microliters of a 1.0 M hexane solution of
ethylaluminum dichloride (EADC).

b 32.0 microliters of a 1.0 M hexane solution of ethylaluminum dichloride
was used instead of the amount noted in (a) above.

c: 1.6 microliters of 2-chloro-2-methylpropane used in place of the TMPCI

used in (a).

[00182] Polymerization in any of the diluents of Table 7 resulted in rubber
particles that did not adhere to the walls of the reactor or to the stirring shaft. The



WO 2004/ 058828 PCT/ US2003/ 040903 75 particles floated to the surface of the
i quid when stirring stopped. Wien tested near the reaction tenperature,
the particles were hard as evidenced by pressing on themwth a chilled
spatul a. BExaophesssd? - 37 [00183] Table 8 lists the revadrus2@bBod0s

pol yneri zations that were conducted at - 95C i n hydrofl uorocarbons and

met hyl chloride for conparison. Exanpleg 36 and 37 are conparative
exanples. A three-neck 500 ml glass reactor was used for these exanpl es.
Prior to each pol ynerization, 300 m of nononer feed containing 10 wt % of
NDNONEr' S Wer §, Gl OffitedIth Ihd Rﬁfa@é‘bf {Iﬁ%qﬁ%\%éﬁ sulf[ﬁgestog;?]édt. | e fes@ni tiator
nolar ratio was controlled at 1/3 and the concentrati was set at 0.1 wt%
EADC i n McCl .neqhige rectionienipeiotidithe pariénlesswere hind as wuidenced ot paigssipgiose to the
pol yneri zat i r rate of addition is controlled in such as way
so that the 3@5‘@5’@?’ zlﬂn%gggtglg'e rai se did not exceed 40C. The anount of
initiator/coinitiator solution added in each depended on the desired nononer
conversion t et1 éabl 88 Conversion M M Exanple Diluent (W. % x 10
x 10-3 MA M %{‘WS "32 CH2FCF3 65 315 626 2.0 2.7 33 CH2FCF3 94 213 489
2.3 3.0 34 CH3CHF2 55 414 813 2.0 1.3 35 CH3CHF2 100 197 558 2.8 1.8 36
CH3CI 54 170 628 3.7 2.0 37 CH3C 97 135 517 3,8 2.4 a: Polynerizations
were run wit HOAH3] sobuffpble$distsshereshlts ofpplymerigations that b’f’@fconé"&‘ﬁ@ o

2004/ 058828 Pﬁé%%?r%ﬂ%%g&ﬁons 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 wi% of monomers were charged into the chilled reactor. The
initiator/coinitiator molar ratio was controlled at 1/3 and the concentration was set
at 0.1 wt% EADC in MeCl. The initiator/coinitiator solution was added dropwise

to the polymerization mixture and the rate of addition is controlled in such as way

so that the reactor temperature raise did not exceed 4°C. The amount of
initiator/coinitiator solution added in each depended on the desired monomer

conversion target.

Table §°
N Conversion M. | M. ‘
Example | Diluent | (Wt.%) | x10° | x 10% | MM, M@l% P
| 32 CH,FCF, 65 315 626 2.0 2.7
33 CH,FCF, 94 213 489 23 30
34 CH,CHF, 55 414 813 2.0 1.3
35 CH;CHF, 100 197 558 2.8 1.8
36 CH,ClI 54 170 628 3.7 2.0
37 CH,CI 97 135 517 38 24
a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of

95/5



76 [00184] The exanples in Table 8 denonstrate the production of high

nmol ecul ar wei ght butyl rubber using an EADC/ HCl1 initiator systemin CHF2CF3
and CH3CHF2 dil uents. The nol ecul ar wei ght of the butyl polyners made in
CHF2CF3 angvddofadesdswer e significantly higher than pol yperwssiesisioss MeC at
simlar nononer conversion under simlar conditions. The pol ydispersity

(Mwv Wn) of the butyl polyners nmade in bgh CH2FCF3 and CH3CHF2 was narrower
and closer to the nost probabl e pol ydispersity of 2.0 than the pol yners
made in MeC under simlar experinental conditions. The isoprene
incorporation in the copolyners nmade.in Med falls between CH2FCF3 and
CH3CHF2. The ol rrer slurry particles made in both CH2FCF3 and CH3CHF2
appeared to b@o Igni i Ebghekampless in dableys demonsiiais, dhed Prasyctiomant tigh pol yner
slurry part'Chﬁﬁc{{ﬁfie«a t b gub%%ng%rﬂmcmqﬂhfa{o?@?sg Isgigiﬁyf% 44

[00185] Table 9 lists e results of “copol yneri zati ons ene and p-
met hyl st yr eneamdlélﬁs(&HFe diluertsi c (Toel mlewgsmghtlﬁdh@bhhrbmbfmemmgdand met hyI

chl oride for S.-4 C rative.e

t hr ee- neck 50@%651 %@?ﬁm‘* W ﬁ%g yﬁéhg{tﬁesggfg glﬁpnlmélg ﬁ@?tet o each
pol yneri zat i ogimild® Omoihontdr mem‘mn fueed dwilamicondigork) VI @blydispeasier s were
char ged into | l.e rea The i.nitiator iti ar ratio was
controll ed at I‘?‘W@Agi(? f the by mezs P@ﬂe\&ﬁsboélété@c% fna/téi[ V& Med . The
initiator/coi Rarkdvadrhd %{sttque MBS PASHABE pdlINpeRRy bP 20NBaPRk YoBMitat | 0N

m xture and the rate of addition is control] éd |n such as way so that the
react or t enpePifeineMehprder gimilaneperiertalconditionst hEheyigensene iggorporation

mononer conver st ParRar o S0FO B TREh CROTII RIS G o

Conver si on Mopdymer slurry particles made in both CH,FCF; and CH;CHF; appeared to be

significantly less sticky during handiing than the polymer slurry particles made in

MeCl under similar conditions.
Examples 38-44

[00185] " 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 m} of monomer feed containing 10 wt% of monomers were
charged into the chilled reactor. The initiator/coinitiator molar ratic 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.



' Exanmple Diluent (W. % x 10" x 10"" M /M Mol e% pMS 38 CHF2CF3 22 91 298
3.3 4.3 39 CHF2CF3 57 89 291 3.3 4.4 40 CHF2CF3 98 74 244 3.3 4.6 41
CH3CHF2 56 188 1,091 5.8 4.1 42 CH3CBF2 100 169 908 5.4 4.9 43 CH3Cl1 57 97
443 4.6 3wy 20040%k3C1l 69 94 342 3.6 4.0 a: Pol yneri zat ponaisages/@osasn Wit h an
| sobutyl ene/ p-net hyl styrene nolar feed ratio of 90/10 [001861 The exanpl es
in Table 9 denonstrate that using an EARC/HCO initiator systemin a CH2FCF3
di luent, the production of isobutylene-PM5 copolyners with conparable

nol ecul ar wei ghts to copolyners produced in a MO diluent.

| sobut yl ene/ p- et hyl styrene copol ynernggprreepared in CH3CHF2 exhi bit nuch

hi gher nol ecul ar wei ghts. The pMs incorporation in the copolyner is
significantly h| gher |n CH2FCF3 than in MCLl using the same nononer feed

COITpOSl ti on phReer—st ||| Far— S ii 1 add. - or—t he o1 yner
slurry partjcles itn CH2FCF3 appear to E di gni fi cantly |l ess sticky in
CH2FCF3 t han| Emampe (1 DlER%tn‘pI d§Vf4‘?’9)4' [Id@ 81] x18D1 |e MOV i| Mele%dIS bsul ts of
COpO| ymari zattons—of—sobut-ytenet p=—Tret rryl Sty ene-fand—i-sgbtt y}—ellell SOoprene
that were copndudded [afHFEEC i n @& 80/20 91mi Xt ud58 (by3\30I yme) 4% CHRFCF3 and

CH3CHF2. A tpree-mmegk 500t gtass—Wp—20047 CTUS20637 640968 78
reactor was used?for| $HESE: exarrff' es. |Pri%8r tlo ®ich pdPyneri z#4 on, | 300 n of
nononer feedrtontaiTfimg_ L0 W96 of TTOJOTTErS g charged—imto—the chi l | ed

reactor. Thel i nfi at|oFHESERiti at®8r il ar’dr atli ?4%as| comtrgl 1l edbat 1/ 3 and the
concentrat i ofr Was S T W% EADG T VEQr - Tha TR T4t or 7 cornrli at or
' eflicnt, 56 1,091 T A

sol ution 4] 188 5.8
42 CH;CHF; 100 169 908 54 49
43 CH;C1 57 97 443 4.6 3.8
- 44 CH,Cl 69 94 342 3.6 4.0
a: Polymerizations were run with an isobuiylene/p-methylstyrene molar feed
ratio of 90/10
[00186] The examples in Table 9 demonstrate that using an EADC/HCI

initiator system in a CH,FCF; diluent, the production of isobutylene-PMS
copolymers with comparable molecular weights to copolymers produced in a
MeCl diluent. Isobutylene/p-methylstyrene copolymers prepared in CH3;CHF;
exhibit much higher molecular weights. The pMS incorporation in the copolymer
is significantly higher in CH,FCF; than in MeCl using the same monomer feed
composition under similar reaction conditions. In addition, the polymer slurry

particles in CH,FCF; appears to be significantly less sticky in CH,FCF; than in

MeCl.
Examples 45-47
{00187] Table 10 lists the results of copolymerizations of isobutylene/p-

methylstyrene and isobutylene/isoprene that were conducted at -95°C in an 80/20
mixture (by volume) of CH2FCF; and CH3CHF,. A three-neck 500 m] glass



was added dropwi se to the polynerization m xture and the rate of addition is
controlled in such as way so that the reactor tenperature raise did not
exceed 40C. The anount of initiator/coinitiator solution added in each
depended Qo biagoskess red nononer conversion target. Talwcauk@o®osmwer si on M,
Mv. " Exanpl e Conpnoner (W. 9% a 10.3 x 10' M,/M 45a |soprene 87 309 676
2.2 46b pMs 76 449 1,048 2.3 47b pM5400 349 1,166 3.3 a: Pol ynerizations
were run with an isobutyl ene/isoprene nolar feed ratio of 95/5 b:

Pol ynmeri zations were run with an isobutyl ene/ p-nethyl styrene nol ar feed

ratio of 90/ 4@adt@Od@Shsed It thedd ethiplidst Pidras eable pplya@rigiticdN 300 ri)ig@h

nol ecul ar wei ght isobutyl ene-i soprene copol yners and i sobutyl ene-pMs

copol ymers usTPRPIRER feeém_zsatwgilﬁ V178 105 MQPOmEESYVETR ‘%ilaFEthiBWetthCh_@ﬂlQFC% and
CH3CHF2 as t Ngaotfo! YiE' infiiatdrRBinftididteRblar Hh6o wsymoﬁhd%yu@%w fgkes in the

CH2FCF3/ C3CHF2  m xture denonstrate the same non-stickiness appearance as in
a pure CH2FCR®neentralline@asret ati(. Liwtho EAdAC in MeQ!l. dbe indtiatosodif6058828

PCT/ US2003/ 0 0 I 483- .00 les, 48. -, 17 exenplif
copol yneri zaf“lgaggn‘igdéif3 Z%Ir%;g’ﬁ%{% g‘%ep °§X"g‘ %?%%?%e&%ﬁo%?@F srgteT?%‘eadc ]hﬁ)gl lf?maﬂ) zat iyon
have been r tur, | L) ' °The
po?/ymeri zat F%ﬁ@%ﬁ%&{%?{a&gﬂﬁﬁﬁ%ﬁ&&f@ﬁ n?[ ev{eulﬁghcﬁ)jb%og?’gcéeggg)p ‘runni ng
slurry copol yheranmaiht affinitiatok/esihnitiatod esluiepaddpd th each dependedorethe idbsirgdgnet i ¢

stir bars. Mounoner solutions were prepared in the test tubes
monomet conversion target,

Table 10
L " Conversion M. v} . My ‘
 Example | Compnomer | (Wt.%) | x10° [ 'x10° | MM,
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
[00188] Table 10 demonstrates the production of high molecular weight

isobutylene-isoprene copolymers and isobutylene-pMS copolymers using an
EADC/HCI initiator system in a mixture of CH,FCF; and CH;CHF; as the
polymerization diluent. The polymer slurry particles in the CH,FCF/C;CHF,
mixture demonstrate the same non-stickiness appearance as in a pure CH;FCF3 or
CH;CHF;, diluent described above.



at the desired tenperature, which is identified in the paragraphs bel ow, by
conbining 20 M of the liquid diluent, 5 nil of liquid isobutylene and
enough liquid conmononer to achieve a 3 nol % conononer feed. Polynerization
sol uti ons wes@spRenetically stirred at the identified tppefgi@bodoszand were
initiated by the dropw se addition of a stock coinitiator/initiator
solution using a chilled glass Pasteurgpipette. Conversion is reported as
wei ght percent of the nononers converted to polynmer. [00191] Table 11 lists
the results of polynerizations that were conducted at -95C either in nethyl
chloride (as mappRagatyve, exanples 48, 49, 50, 57, 58, 59, 66, 67, and
68), 1,1,1,2-tetrafl uoroethane or 1, 1-difluoroethane. |sobutylene was
copolynmerized with either p-t-butylstyrene (t-BuS) (0.36 nil per run),

i ndene (Ind) (0.23 m n) [ 4RI peEN . . ) as
ndicated in Tablo 18, OVIBPLCH g%%ﬂtpﬁ%n&gf ?};} %’3‘%‘?@%&%@‘%& ( EADC)
and hydr ogenisablutydenedeth dtik comasomere pEhechpolymeeitzdticns binedreen eurbat taddi ng 0. 320
m of a 1.0 rmI/LtH{HC] ol ut i in 1, 1,1,2-tetrafl uoroethane and 0.960 m of
a 1.0 mol /L ‘SPRSHE eﬁﬁ?‘ilﬁ’#ﬂ"ﬁﬁ?&?'i de solution in hexane to 100 ml of nethyl
chloride. Polynerizations were run by adding, dropwise, 1.5 m of this
stock EADC/HCI solution to the stirred nononer solutions. Polynerizations

were ternminated with d#4%8kdi ti B palymeneatipn gramples\isted in Pablohdl rzation in
any of the IUQPIQ aTaTa LN 5@.&}51 3&&& %é{fblﬁ L Gl es: di d not
ad%ere to thg)s\c/j\&/a‘f%g 0 &?’ke react or %clqu%o t he stgh??t;\tgb%aeﬁalp%lﬂg%tgiticl es

fl oated to t raresarth awagnetic stinbatsi ddondmenkelnticnsiwearé prgpared mp t. testiebepar t i cl es

were hard as evidenc b ressi ng. on. the 2004/ 058828 PLCT/ US2003/ 040903
80 with a chial?ltg?i déf}g%u 'eéip\%ﬁgﬁe’t ‘évg{cgdls nﬁsrrlrﬂﬁégal& |818 n? %rg fr‘é%}saﬁ?‘g’. %y
Pol yneri zat i wonibining@0 iyl oftihk diguifiediheat) |3 ol of liquidbisebutyled aed esouphat adher ed

to both the reactor walls and.the stirrjng shaft. Table_11 Yield Cow. My,
mo1% I?qu? comonomer to achieve a 3 mol‘;A: %omonomer ge_ec? Polymerization

C

solutions were magnetically stirred at the identified temperature and were initiated
by the dropwise addition of a stock coinitiator/initiator solution using a chilled
glass Pasteur pipette. Conversion is reported as weight percent of the monomers

converted to polymer.

[00191] 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-difluorcethane.
Isobutylene was copolymerized with either p-t-butylstyrene (t-BuS) (0.36 ml per
run), indene (Ind) (0.23 ml per run) or B-pinene (BP) (0.31 ml per run) as
indicated in Table 18. A stock solution of ethylaluminum dichloride (EADC) and
hydrogen chloride (HCI) was prepared in methyl chloride by adding 0.320 ml of a
1.0 mol/L. HCI solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0 mol/L
ethylaluminum dichloride solution in hexane to 100 ml of methyl chloride.
Polymerizations were run by adding, dropwise, 1.5 ml of this stock EADC/HCI
solution to the stirred monomer solutions. Polymerizations were terminated with
the addition of 0.2 ml of methanol. Polymerization in any of the
hydrofluorocarbons resulted in rubber particles that did not adhere to the walls of
the reactor or to the stirring bar. The particles floated to the surface of the liquid

when stirring stopped. The particles were hard as evidenced by pressing on them



le Diluent ' CoM (mg):,: (*t.% x103 Mw/ MO COM 48 CH3CL t-BuS 496 12.8
1.4 49 CH3CL t-BuS 384 9.6 130 2.3 2.4 50 CH3CL t-BuS 485 12.6 112
51 CH2FCF3 t-BuS 345 8.9 128 2.0 2.0 52 CH2FCF3 t-BuS 249 6.4 128
o SihéeER t-BuS 295 7.6 119 1.9 1.9 54 CH3CHEZ/Us2@tu08R5 8. 4 297
55 CH3CHF2 t-BuS 433 11.2 217 2,6 2.3 56 CH3CHF2 t-BuS 333 8.6 303
57 CH3CL Ind 375 9.9 68 2.2 1.2 58 CH3Cl Ind 179 4.7 117 1.7 1.3

59 CH3CL Ind 130 3.4 103 2.3 1.1 60 CHBFCF3 Ind 2279 60.8 131 2.2 2.3 61

CH2FCF3 Ind 1199 31.9 101 2.1 2.4 62 CH2FCF3 Ind 2299 61.3 116 2.2 2.0 63

Croai2 1 ng S0  dplted Sbotly g texl iy A | A it Bl i i, °°

2004/ 058828 RfaethyShiRide ddROBin Bibed paficlREihap Bkl thlofh £i8 réaclor valls8 68
CH3CI 032356%1?1761089 69 CH2FCF3 Rp 644 17.7 29.5 1.4 9.4 70
CH2FCF3 pp g#ad $pafl: 4 8.1 71 CH2FCF3 pP 610 16.2 37.0 1.4 8.5
1001921 Table 12 lists the results of polynerizations that were conducted at

-50C either in methyl chloride (as a+yggmEarative, exanples 72, 73, 74, 81,
82, -

NISISISE

~N~NONOD

np
2
1.
1
1
1

(ool oclepl e N &x N¢»)

Lo ., 71 Yied £ Conv, My ;. - [ mol%
‘Fxample | Diluent | ‘CoM | (mg);| %) | x10° | MyM, | CoM
p CH;Cl | tBuS | 496 12.8 139 | 25 1.4
49 CH;Cl | tBuS | 384 9.6 130 | 23 | 24
50 CH:Cl | tBuS | 485 12.6 12 | 22 1.5
51 CH,FCF; | t-BuS | 345 8.9 128 | 20 | 20
52 | CHFCF; | tBuS | 249 6.4 128 | 20 16
53 CH,FCF; | t-BuS | 295 7.6 119 | 19 1.9
54 | CH;CHF, | tBuS | 325 8.4 297 | 27 | 18
55 | CHyCHF, | tBuS | 433 11.2 217 | 26 | 23
56 | CH;CHF, | t-BuS | 333 8.6 303 | 27 1.8
57 CH;Cl Ind | 375 9.9 68 22 12
58 CH:Cl Ind | 179 4.7 17 | 17 13
59 CH;Cl Ind | 130 34 103 | 23 1.1
60 | CH;FCF; | Tnd | 2279 | 608 131 | 22 | 23
61 CHFCF; | Ind | 1199 | 319 101 | 21 2.4
62 | CHFCF; | Ind | 2299 | 613 116 | 22 | 20
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
66 CH;CI pp | 402 105 207 | 1.0 | 83




and 83), 1,1,1,2-tetrafluoroethane or 1,1-difluoroethane. |sobutylene was
copolynerized with either p-t-butylstyrene (t-BuS) (0.36 nil per run) or
indene (Ind) (0.23 m per run) as indicated in Table 12. A stock sol ution
of et hylﬁjdﬁmgg gi chloride (EADC) and hydrogen chl or POBU§MCV)40%As prepared
in methy orlc%e by adding 0.320 mMl of a 1.0 nol 1L HCl solution in
1,1,1,2- tetrafluoroethane and 0.960 ngjyof a 1.0 nol/L ethylal um num

di chloride solution in hexane to 100 m of methyl chloride. Polynerizations
were run by adding, dropw se, 1 5 m of this stock EADC/ HCl soI ution to the

stirred nongmer__ solut XCe Tpr, exanpl 73, 14, .31, and
87. In exanpl es 6772 73&9[@4 814 P 82 aé)g and1 4. §31§1 of 1 I’_EADJ ﬂél jzol ution
was used. Pg¢ TTONsS. Were termnated WITn the additttomr ot 02  of
met hanol . P9l yrdr i zat iGGn anyBht | t4e hydréle uorfodd®bgnslPesfil B | n
rubber parti adtrerg to e walts T of—tiereac Ur or{to the
stirring bar. T par€PH@s 11 R ed| t¥4t he skitacq @P-5the LAquld 4whnn
stirring st - ar-tiches—wergnuctmore—stf- evidefrced—by
pressing on |t he wi tﬂﬁzﬁﬂﬁal edBBpat 33 \Jvherﬁi-bsted%l&ar r déct ( 0.1

t enper at ur e —t+hapr—p-thi--the—pethy—eh-orde—prepared—exgnrptes:

Pol ymeri zatifon Tin ngt@H4FCR3h| orpRle | el t{ed 162 r uﬂbéﬂ Opcrt idl es wifat | adhered
to both the beactor iwaltlsand -the fil"l"iJ’_‘LCLQJ’_‘IQ'Ff_ nA/nERJ_%Q

PCT/ US2003/ 0 82 2 Yi el | uent CoM ()
x 10's MNIVBLI&B%% 72 J@%?ﬁ ef?%’@sﬂgg%‘msﬂ%ﬁt@m?%t@ re PORSEREAL 1 - BuS 1917
49.6 580 1. 95@cindfi B LIGHE @7 2ahpardifl cdufplls %2973, 74, F1BROCS 1 - BUS
500 12.9 35.3 1.4 4.1 76 FCF3 BuS 523 13 B .5°4.3 7’77’ CH2FCF3

t - BuS 568 14.afd 383)7 h1,%,24te@afluoroethane or 1,1 dlﬂuoroethane Isobutylene was
copolymerized with either p-t-butylstyrene (t-BuS) (0.36 ml per run) or indene
(Ind) (0.23 ml per run) as indicated in Table 12. A stock solution of
ethylaluminum dichtoride (EADC) and hydrogen chloride (HCI) was prepared in
methyl chloride by adding 0.320 ml of a 1.0 mol/I. 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/HCI solution to the stirred monomer
solutions except for examples 72, 73, 74, 81, 82, 83 and 87. In examples 72, 73,
74, 81, 82, 83, and 87, 2.3 ml of EADC/HCI solution was used. Polymerizations
were terminated with the addition of 0.2 ml of methanol. Polymérization 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 stitring 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.



78 CH3CHF2 t-BuS 651 16.9 68.1 1.7 4.4 79 CH3CHF2 t-BuS 733 19.0 71.9 1.
4.1 80 CH3CHF2 t-BuS 440 11.4 70.3 1.7 2.8 81 CH3C

6

Ind 704 18.6 49.9 1.4

1.0 82 CH3Cl Ind 645 17.1 34.1 1.4 1.4 83 CH3Cl Ind 319 8.4 44.6 1.4 1.1
84 CH2FCF3yd bdaistéasll. 3 36.7 1.4 1.7 85 CH2FCF3 Ind 4@éTAR260384098 1.4 2.0
86 CHZFCF3 Ind 496 13.2 40.8 1.5 1.9 87 CH3CHF2 Ind 328 8.7 40.8 1.5 1.4
88 CH30HO2 Ind 338 9.0 42.9 1.5 1.3 [0Q}931 Table 13 lists the results of
pol ynmeri zations that were conducted at -95Cin a 20 wt. % bl end of
1,1-difluoroethane in 1,1,1,2-tetrafl uoroethane. |sobutylene was
copol ynmerized with one of the foll owpaglea@nononers or conononmer pairs as
I ndicated in Tabl e 13: i soprene (I P) ‘(’U—Z'U m _per run), p- nethylstyrene
(pl\/B) (0 26 mt per—t u1l), ‘p t UUL)’IDL o B3 6 per U | ndene
(I'nd) (0.23 |m per rjun);=[i-pi nene )Yé%‘ 'Cg?‘d* Jpoer tun) or 4 %ﬂp/gc
mol / mol WO OEWEEZS)IR@EUDZMOA 8thbﬂ’o@nd &8P p|VAS,/ME, || GO eéne
(0.10 M) and-—p-retystyrensg{(0-13-1 er—fih—ast—indi Hn Tablle 20. A
stock solutijon @2 et hyCHLG)lm 1ut¥BdSchI1r760de (BBC) |ami.4 hydriogen ch$ orli de
(HCl) was pr | HA—methyltchl oride by laddi-ng O. 320w of a1 0 ngl /L HC
solution in {1,171, 2-teCH§¢‘l| upr eBubanergand O. %6 cB‘S(B 1. Q.omwl|/ 12,9
et hyl al um nu ri de—sol btion | rkhe»émne to0-100- - ofl nethyll chlodi de.
Pol ymeri zatijons7aer ¢ rQH;Oly hdelBog, |d7epwWi se71.4. 5 rT1600¢ t hi2so stjock9 EADC/ HC1
solution to L tirlred nonoher soluition nyhnnf f or nyarrpl es QR1 QC1 ]_001
101, 102, FOH,FG® Pl €Bu88,| S® and m@ 3. Bsd of 1BADJ HCL dol ution
was used. | es 101 | g 1031 2.3 f _EADQ HClL _sal ution was
used. Poly NEHYRCE; | et-Bupaten|th the addizgpn! ofi.9. 2 ™3 of
met hanol .
CH:FCF3 | t-BuS 568 14.7 39.7 1.5 4.3
78 CH;CHF; | t-BuS 651 16.9 68.1 1.7 4.4
79 CH3;CHF, | t-BuS 733 19.0 71.9 1.6 4.1
80 CH3CHF; | t-BuS 440 11.4 70.3 1.7 2.8
81 CH;C1 Ind 704 18.6 49.9 1.4 1.0
82 CH;Cl Ind 645 17.1 34.1 1.4 1.4
83 CH;CI Ind 319 8.4 44.6 1.4 1.1
84 CH,FCF4 Ind 424 113 36.7 1.4 1.7
85 CH,FCF; Ind 464 12.4 37.9 14 2.0
86 CH,FCF; Ind 496 13.2 40.8 1.5 1.9
87 CH,CHF, Ind 328 8.7 40.8 1.5 14
88 CH;CHF; Ind 338 9.0 42.9 1.5 1.3
[00193] Table 13 lists the results of polymerizations that were conducted at

-95°C in a 20 wt.% blend of 1,1-difluoroethane in 1,1,1,2-tetrafluoroethane.

Isobutylene was copolymerized with one of the following comonomers or

comonomer pairs as indicated in Table 13; isoprene (IP) (0.20 ml per run), p-
methylstyrene (pMS) (0.26 ml per run), p-t-butylstyrene (t-BuS) (0.36 m! per run),
indene (Ind) (0.23 ml per run), B-pinene (BP) (0.31 ml per run) or a 50/50 mol/mol



Pol ynmeri zation in any of the hydrofl uorocarbons 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
parti cl es\%ﬁi{ﬁu@ﬁﬁﬁ as evidenced by pressing on them wecrivszosobdzed spat ul a
when tested near reaction tenperature. Polynerization in nethyl chloride
resulted in rubber particles that adheged to both the reactor walls and the
stirring shaft. Table 13 Yield Conv. M litol % Exanple CoM (ng) (wt.% X
10"3 M/M CoM 89 |IP 1147 31.1 453 2.0 1.9 90 IP 2061 55.9 628 1.8 2.0 91
| P 2382 64.6 i y/ 19.1 624
50 2.5 o4 pRa/ORPSS drod0hh bod plitdilafrche S04V IS disc®

t-BuS 389 9. gindisatedim Taple20. o stockgeiutiarsofiethylalpminum dichlogdeBADOYNE58828
7 52009 045 il 1 B op o i Ay M0 2T 2 2
10.0 79.4 1. 41.8 nbl/L1HG! putdBOinli0l, 4,2 A€rdfludroéth8nBandl 0260 Rl pFE 3BMoBLY 632 1.8
0.49/ 1.7 105, ) B QNS 423,313,099, 1.8, 0, 67118 | 106, B/ DI 61, 9,7 989 2.1

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 BADC/HCI solution was

used. For examples 101, 102 and 103, 2.3 ml of EADC/HC] solution was used.

Polymerizations were terminated with the addition of 0.2 ml of methanol.

Polymerization in any of the hydrofluorocarbons resulted in rubber particles that
did not adhere to the walls of the reactor or to the stirring bar. The particles
floated to the surface of the liquid when stirring stopped. The particles were hard
as evidenced by pressing on them with a chilled spatula when tested near reaction
temperature. Polymerization in methyl chloride resulted in rubber particles that
adhered to both the reactor walls and the stirring shaft.

Table 13

- “Yield| Conv.- [~ My | - [ mol%

‘-F;xamp—lg ' "’CoM’y - (l_:lé)_ : (v#__t.%) | x 103 MwIM.. CoM :
M 89 | .IP 1.147. 31.1 453 2.6 1.9
%0 IP 2061 55.9 628 1.8 2.0
N 1P 2382 64.6 276 20 22
92 pMS 654 17.3 782 3.4 2.8
93 pMS 722 19.1 624 3.0 2.8
94 pMS 795 21.0 665 3.0 2.7
95 t-BuS 411 10.6 304 2.0 1.6
96 t-BuS 389 9.8 252 2.1 1.9
97 t-BuS 445 11.5 241 21 1.9




[00194] Table 14 lists the results of copolynerization of
-95C in nethyl

but adi ene (0.15 m per
conparative,

(as a
-di fluor

Inlllogfb

(EADC) and

38

t et rafI ur oet hane.

a 20 w.

run) that were conducted at
exanpl es 107 and 108),

I sobut yl

1,1,1, 2-tetrafl uor oet hane,
% bl end ( CH3CHF2/ CH2FCF3) BIT/U52003d4e%310r oet hane

ene and
chl ori de
1, 1

A stock solution of ethylalum numdichloride
hydr ogen chl ori de (HCLl) wagq prepared in nethyl

chl ori de by

adding 0.320 mM of a 1.0 nol/L HO solution in 1,1,1,2-tetrafl uoroethane
and 0.960 m of a 1 O nol/L ethylalum numdichloride solution in hexane to

100 M of mEThy] ori ge I Zag i ons rgnm Py tihe adding,
dr opw se, 1.5 m8 of t hi g“‘%tock 16 %O soI é@n \ ?Ee $ti rr2d rononer
sol utions. Porymertgation agdition of Q.2 m of
met hanol . P¢l yreri z atiog“qsn an ﬁoéf elra hydi ofi{}or dcatons rektitdd in
rubber partirct n not | nefe to_thne f—_tThe[reactor jor to the
stirring bap. ﬁ% artlt"fdes f%@ed t 0>the sur#]zfce of 2dhe qu]u?d when
stirring stopped; T € partictes ‘ﬁﬁre g;grqg f evi denced byjpressing on them
with a chill edl%at il a WRen tpd? neal’% eact i terrpé15at qir e.>-%ol yeri zation
in rmethyl TU[IuelEbUiLe M rutpber _particies that=adheredtoHot h t he
reactor wal s 1&hd {he sﬁﬂ’irrlng37§hft.1 e pol rg | 14tell i B4ablle 14
exhi bi t ed mptecutar—wetghts—that—were—hrgher—thanthe—exgtusromrtHinmt of
the SEC i nstruﬂ;@ht ised pPo  det3Pni[ne W0He mpl e ar| weidghts. 8ihe NW of these
pol ymer s i s rebeve—15—x—-1+06—WO-2004+058828PcHYS2663+046963—85—¢/ nol .
Mol ecul ar wei gho4 d| Pt rliPEpMSons PWD) cd8l d gl s@Bhot) béd.8def ebAPMId (for these
sanpl es bec&use—of—the—htgh—rpleculrar—wetght—TFab H—Yi-etd—Conv{ nol %
Exanpl e Dil HlenﬂOirrg (IR¢pM®) [Cot3 107 I3 CL 50@913 7 082 |1087/C143C1 689 18.8
0.1 109 CHAEF3—443—3122-0-2
106 IP/pMS 361 9.7 989 21 0.71/1.5
[00194] 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 (CH3CHF,/CH,FCF3) of 1,1-difluoroethane in 1,1,1,2-
tetrafluroethane. A stock solution of ethylaluminum dichloride (EADC) and
hydrogen chloride (HCI) was prepared in methyl chloride by adding 0.320 ml of a
1.0 mol/L HCI solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0 mol/L.
ethylaluminum dichloride solution in hexane to 100 ml of methyl chloride.
Polymerizations were run by the adding, dropwise, 1.5 ml of this stock
EADC/HCI solution to the stirred monomer solutions. Polymerizations were
terminated with the addition of 0.2 ml of methanol. Polymerization in any of the
hydrofluorocarbons resulted in rubber particles that did not adhere to the walls of
the reactor or to the stirring bar. The particles floated to the surface of the liquid
when stirring stopped. The particles were hard as evidenced by pressing on them
with a chilled spatula when tested near reaction temperature. Polymerization in
methyl chloride resulted in rubber particles that adhered to both the reactor walls
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 108



110 CH2FCF3 543 14.8 0.3 111 CH2FCF3 404 11.0 0.3 112 CH3CHF2 338 9.2 0.2
113 CH3CHF2 481 13.1 0.1 114 CH3CHF2 352 9.6 0.2 115 CH3CHF2/ CH2FCF3 453
12.4 0.3 116 CH3CHF2/ CH2FCF3 777 21.2 0.2 117 CH3CHF2/ CH2FCF3 573 15.7
0.2 Exanpvesooddsksigdl [ 00195] The pol yneri zati on exanplpesnise@beshoasn Tabl es
15 and 16 were obtained by running slurry copolynerizations in test tubes
equi pped with rare earth magnetic stirgbars. Mnoner sol utions were
prepared in the test tubes at - 95C for exanples in Table 15 and -35C for
exanples in Table 16. The solutions were prepared by conbining 20 nil of
the chilled |ggsi dvdicbmaiiveight diktriBlitidrs QMWD) LG ulsy |n%f‘8e ﬁ@%rﬂn@tpfom of

i soprene. Exceptions to this procedure are noted below Polynerization

sol uti ons werthesqagnples bagpysg of thehighymelecwlasyysighdt ure and were initiated by

t he dropwi se addition of a stock coinitiator/initiator solution using a
chilled glass Pasteur pipette. Cbnvsg&éggéis reported as wei ght percent of

t he nononers converted to pol yner. / 058828 PCT/ US2003/ 040903 86

[ 00196] Table 15 |i-sts-theresults—of-pol tions-..that_were conducted at
-95C. Exanpl es 11§, 119, 120, 123, 124, .1P5 %%d Qﬁvaréne'cfhxaratuve
exanpl es wi th Exanpigimplidd: and biifesiei ng ¢ ‘|680#E%# | @ghVeENtion. [00197]
Pol ymeri zati ons re run Ry the dropwse dd' -an -of. this stack of

et hyl al um num di chl orjigefe ([EADC) /CIJE.Y,‘i”Ogen crgb?rl dey{ #iC1) %?I dtion to the
stirred monomer sqglutions. A stock solutj DC and HO was prepared in

met hyl chloride by ag@gng 0. 320 ¢, c9f a 1{ 0 ¢ggpl /iL 1—1,(2? golgjign in 1,1,1, 2-
tetrafl uor oet hane [an 960 M of a 1.0 | /L etihvl al umi num di chl ori de

sol ution 109 CH,FCF; 48 | 122 | 02
110 CH,FCF; 543 | 148 | 03
111 CH;FCF, 404 | 110 | 03
112 CH;CHF; 338 9.2 0.2
113 CH,CHF, 481 131 | o1
114 CH;CHF, 352 9.6 0.2

115 CH3;CHF,/ CHFCF; | 453 124 0.3

116 CH2CHF4/ CH,FCF; T 21.2 0.2

117 CH;CHF,/ CHFCF3 573 15.7 0.2

Examples 118-141

[00195] The polymerization examples listed in Tables 15 and 16 were
obtained by running slurry copolymerizations in test tubes equipped with rare
earth magnefic stir bars. Monomer solutions were prepared in the test tubes at -
95°C for examples in Table 15 and -35°C for examples in Table 16. The solutions
were prepared by combining 20 ml of the chilled liquid diluent, 5 ml of liquid
isobutylene and 0.20 ml of isoprene. Exceptions to this procedure are noted
below. Polymerization solutions were magnetically stirred at temperature and
were initiated by the dropwise addition of a stock coinitiator/initiator solution
using a chilled glass Pasteur pipette. Conversion is reported as weight percent of

the monomers converted to polymer.



in hexane to 100 m of nethyl chloride. The total volune of the stock
solution added to the polynerization for each exanple is |isted in Table
15. A separate stock solution of ethylalum num dichloride and hydrogen

chl ori de v® 20mmeEssher Exanples 125 and 126. Thi s sol utp@mushessoadoepar ed from
the addition of 2.0 mMl of a 0.16 nol/L HCl solution in

1,1,1,2-tetrafl uoroethane and 0.960 m gHof a 1.0 nol/L ethylal um num

di chloride solution in hexane to 100 m of nethyl chloride. The final nol/L
concentrations of ethylal um num dichloride and hydrogen chloride in the
stock solution is the sanme for both preparations. Polynerizations were
termnated with the addition of 0.2 m of nethanol. Polynerization in 3, 3, 3-
trifluoropr opEﬂﬂwﬁr]esul tEadble 15 ﬁiﬁibemsplﬁ@nobwrizﬁéﬂnsdhaﬂwmcmﬂheedaatt o the

wal | s of the e rort AR .Aae particles floated to the
surface of th'egslt?' Ché’t 1’ #8 s@gpgg{i né’]u@ng Z‘H B SORMBFRIEAr d as
evi denced by @fa&@fésw@maiﬂwmmhm ﬁl95‘eﬁhg|éxﬁﬁlf)}‘é96fﬂsqnmant93ted near
reaction tenperature. Polynerization in nethy chloride resulted in rubber

particles that adhered to both the reactor wal | s and the stirring shaft.

spg: zgﬁil g\?:): Io@ni%bgl ymer gﬁrﬁ here pt 0 %ﬁ&%&gg@?ﬁ?&%ﬁ sI ;ﬁg tlhg

stirring bar. ethﬂaﬁ&ﬁﬂkﬁ)&ﬂ&ﬂéh@(ﬁﬂﬂAMﬂOWcﬁ@ﬁO&loxﬁﬁ {400 esohitionCat the Sol na

GoCl 1.7 passBigisnsmes Bufors. 'A S6tselidont A e Honed il i 150 17

CH3C 1.7 597mébyP cRIdAd? b¥ alldiZl (12?1) M2 GFGHCB3méVIL BOP sdlftioh #66,121,3 2.2 122

HRCSCHORS 1.7, 274 206, 2183 gbo it%t o POt 0 elohukinaar dCaiciide a1 4
in hexane to 100 ml of methyl chloride. The total volume of the stock solution
added to the polymerization for each example is listed in Table 15, A separate
stock solution of ethylaluminum dichloride and hydrogen chloride was used for
Examples 125 and 126. This solution was prepared from the addition of 2.0 ml of
a 0.16 mol/L. HCI solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0
mol/L ethylaluminum dichloride solution in hexane to 100 ml of methyl chloride.
The final mol/L. concentrations of ethylaluminum dichloride and hydrogen
chloride in the stock solution is the same for both preparations. Polymerizations
were terminated with the addition of 0.2 ml of methanol. Polymerization in 3,3,3-
trifluoropropene resulted in rubber particles that did not adhere to the walls of the
reactor or to the stirring bar. The particles floated to the surface of the liquid when
stirring stopped. The particles were hard as evidenced by pressing on them with a
chilled spatula when tested near reaction temperature. Polymerization in 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.



124 H2C=CC12 4.0 447 13.4 47 2.1 1.0 125 CH3CHC12 1.5 112 3.0 108 3.1 1.7
126 CH3CHC12 1.5 202 5.5 116 2.6 1.9 [001981 Table 16 |lists the results of

pol ymeri zati ons that were conducted at

conpar at i weoesa/apdsses W t h Exanpl es 137 -
[00199] Pol ymerizations were run by the dropw se addition of a
pair.

i nventi on.
st ock

solution of the coinitiator/initdeator

d| chI oride solution in hexane to 100‘rT1_0T' rret hyl

-35C. Exanpl es 127 -
141 being examaies0if4dobs s

136 are

A stock sol ution of

et hyl al um num dichl ori de and hydrogen chloride (HCl) was prepared in nethyl
chloride by adding 0.320 mM of a 1.0 nol/L HCl solution in
1,1,1,2-tetrafl uoroethane and 0.960geofs @ 1.0 nol /L ethyl al um num

chl ori de.

A separate

st ock sol ut i pAr—of—etytat-orm-Aum h. oft-gerant—hydroger—ehtort+de—was used
for Exanples| 134, 135 and 136."| Thi s, ‘o_,l ut’i pn ‘was | prepared frljom.t he addition
of 0.034 m [of .a 0.93, mol / L HCl &ﬂhUt | ' Youeldi n(]qn?v, i, Myt etrafl domsl®hane and
0.0960 nl of dlchlo,1 H ijn hexane to 10
m of nethyl kl'% na (“gtl’bﬁ )M‘i}&“hyl uni pum
di chl ori de anno n genc OF 1 elntn [DCK offutionTare tne WO
2004/ 058828 % 03/ & 3 | 8d-kare %ﬁ%r ba%-ﬁ Ar @A at | A lsEpar at e
st ock sol utlon of gt Nyl al um npm_ _dr qnt or 1 pe élVY-\H ) ]
2-chl or o- 2, 4}, 4- 1% net hypﬁéqt ane (1TNP :1f1§vas 4&dd |f @P3 Exa]n?)l es 1® apd 133.
The MADC/ TVHCH sot utfronm_was, prepared[from (e —additiom of ~6.[6 microjiters
of TMPCl and| 0.1%¥60 |mi ©Hs@l 1. 0 rel /L S%t 1y|16c2um' #ét di htorfi dd-%ol ution in
hexane to 10 thyt —_chiofTde. —The tat une pf—the [stuck—spl uti on
added to thel poldineri BkTERCFo[ dath eﬁ%p 163 | i280ed i$h3 TanI €26.| [00200]
Pol ymeri zat i ons_werg trerninateg w thrjthie agditTonof 02— m——of—mettianol .
The pol ynerizatiZ@n iHZCACHEF (orlobt Harkd4op 20-8, 1| 218efr adl udr odthane gave
rubber partifgtes thar—exin bl teg Stifff TubbETYy fh ST Cat pr()&)er eSS _das
| 124 H,C=CCl, 4.0 447 13.4 47 2.1 1.0
125 CH;CHCI, 1.5 112 3.0 108 31 1.7
126 CH;CHCI, 1.5 202 5.5 116 2.6 1.9
[00198] 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.

[00199]

Polymerizations were run by the dropwise addition of a stock

solution of the coinitiator/initiator pair. A stock solution of ethylaluminum

dichloride and hydrogen chloride (HCI) was prepared in methyl chloride by
adding 0.320 ml of a 1.0 mol/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
The final mol/L. concentrations of

in hexane to 10 ml of methyl chloride.

ethylaluminum dichloride and hydrogen chloride in the stock solution are the



by probing with a chilled spatula at reaction tenperature. M nor anmounts of
evident on the reactor walls and stirring bar. In conparison,

fouling were

the polynerization in nethyl

chloride resulted in a viscous coating of

pol ymer oRyob&jisdshe reactor walls and the stirring barpcTd8nyslkdsdd e of the

pol ymer was

"suspended" in the diluent nedium Polynerization in

1, 2-di fl uorobenzene or 1, 2-di chl oroethgne resulted in solvent swollen
pol ymer phases that adhered to the reactor walls and the stirring
Pol yrmeri zation in 1,1, 1-trichl oroethane occurred in solution. Polynmer was
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4.0 1953 53. 1digBoride2 (MADC)10 8- @(3’&2,444—61131@%81331@13 GZMRCB MusdﬂZﬂJrCl—lSCl 4.0

recovered by

bar .

2339 63.6 51 4.2 1.4 3 2 48 2 2 31 CH3CCL3 5. 0
2993 81.2 59 %’f"?pi":somg‘% %Sgcgﬁ? Pﬁ%ﬁgﬁ@ﬁ?@?ﬂm %ﬁs"’%‘%ﬂ? égml. 1.5 WO
2004/ 058828 R@BHidF20036.6468@3liteR9 otsmcz did l0amsobanzencs 41,0 0L 51.6 29
1.8 1.4 134 GHpCICHRCI 2563 C1CH2d 4.0 2707
73.4 24 1.8 1M i%‘éllm 521“8012881?"?‘2‘”8’ 1207m1 %ﬁ élgfﬁ%l:rz“FC% 3.0
2348 63.8 76

1085 29.5 78

tlata@vcﬁm%e ol 88 sfdk E@Eﬁoﬂa&e&%e ggly&eﬁian%n%x?eagh 1&3s8CHF2 3. 0

1. . 140 CH3CHF2 3.0 1104

953 25.9 95 11.lsged1m€able16

[60200] Polymerizations were terminated with the addiﬁon of 0.2 ml of
methanol. The polymerization in 1,1-difluoroethane or 1,1,1,2-tetrafluoroethane
gave rubber particles that exhibited stiff-rubbery physical properties as evidenced
by probing with a chilled spatula at reaction temperature. Minor amounts of
fouling were evident on the reactor walls and stirring bar. In comparison, the
polymerization in methyl chloride resulted in a viscous coating of polymer on
both the reactor walls and the stirring bar. Very little of the polymer was
"suspended” in the diluent medium. Polymerization in 1,2-diflucrobenzene 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.

CH3CHF2 3.0

Table 16

Cat. R ‘
A Soln: | Yield |. Conv. | My | - | mol%
! ma;xpl? " Dilent | (m) . (mg). (wt%).| x 10° | MM, | P
127 CHCl | 40 | 1953 | 531 | 45 12 | 12
128 CH;Cl 40 | 1678 | 456 | 54 | 1.3 13
129 CH;Cl 40 | 2339 | 636 | 51 12 | 14
130 CHsCCls 40 | 3068 | 832 | 48 | 22 | 09
131 CH3CCls 50 | 2993 | 812 | 59 | 22 | 10
132 1,2-difluorobenzene | 4.0 2033 55.1 35 1.6 1.5




Exanpl es 142-146 [002011 Table 17 lists the results of copol ynerizations of

| sobut yl ene
i sobut yl enel
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pol yneri zat |

charged into the chilled reactor.
controlled at 1/3 and the concentration was set
The initiator/coiniti at or soI ution was added dr opw se
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rati o was changed for each exanpl e.
for these exanpl es.
300 mM of nonomer feed
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| soprene that were conducted at
i soprene feed
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A t hree-neck

pl es. Pri peT/u82008640003
containing 10 wt % of nononers were

rati o was

at 0.1 % EADC in Md.
to the polynerization

m xture and jte—+at of —addition— controtteg—n—suph—astway—sp—thaty t he
reactor tengerdBare rlaa-élﬂudmemne =x‘b@ed o1 Théldnounk9ofl 1.8 14
i ni ti at or/ cgrartatqr—sotutonr—addepd—njeach—gependeg—or—the—dest+ed—rpnoner
conver si on tlar gléﬂ WO 2@@243@%@8 PGTDUSZZ@:S/ ()4(69(53 989 Tabl 917 NB/IP
Mol ar Converfstotr—i-i rpte—eedRati+¢ (‘vﬂi'. 94— x—1"AB—iAt ‘v’; —~—pl % | P
142 98/ 2 100 2085905 4@'1 IQH2@]43 D74.8 10270741 936‘ 4(524.7 184 9518 1p0 127
481 3.8 2.9 4593+ 9414423214 3814619010 B5—133-348216-52
[00202] These eidénplles e@REhCht e) the pr2gfir clt i738 of BVgh nbPecl d¥ wei ght
copol yner s wWth—hgh—+soprere—t+neorpotrairi-on—fhe—aggrotrerat+en—oi—the
slurry partijcl d87i s [si gnCHizE@%t ly [edlced2348 thé3l@/d offbuqgr otar bpn2.3The GPC
traces of these—sgbutytenef+soprpre—egpol-yers—do—hot—show—anryrst+ga—pf gel
formation dr cB38ss-|l i nkCHgECven fot.5t hel®4anpl2d.8146 @RI gh t6nt pi BL npre
t han 5 nol %—+seprefe—Hre—hi-gh—eipne—+gobutyHeneHSsppreng—pobyrrers—aafle
according tg tHhi3® CH;CHF, 3.0 1085 29.5 78 1.5 1.6

140 CH;CHEF; 3.0 1104 30.0 92 1.4 1.6

141 CH;CHF; 3.0 953 25.9 95 L.5 1.6

Examples 142-146

[00201]
isoprene that were conducted at -95°C CH,FCFs.

Table 17 lists the results of copolymerizations of isobutylene
The isobutylenefisoprene feed
ratio was changed for each example, A three-neck 500 ml glass reactor was used
for these examples. Prior to each polymerization, 300 ml of monomer feed
The
initiator/coinitiator molar ratio was controlled at 1/3 and the concentration was set

at 0.1 wt% EADC in MeCl. The initiator/coinitiator solution was added dropwise

containing 10 wt% of monomers were charged into the chilled reactor.

1o the polymerization mixture and the rate of addition is controlied 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.
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[00202] These examples demonstrate the preparation of high molecular

weight copolymers with high isoprene incorporation. The agglomeration of the

at -93C

e was used
ent adi ene
r solution

slurry particles is significantly reduced in the hydrofluorocarbon. The GPC traces
of these isobutylene/isoprene copolymers do not show any sign of gel formation
or cross-linking, even for the Example 146 which contains more than 5 mol%
isoprene, The high diene isobutylene/isoprene polymers made according to this
invention can be halogenated subsequently via standard, established halogenation

processes for making halobutyl polymers.

Example 147

[00203]
determined for isobutylene/isoprene copolymerizations run in methyl chloride and
CH,FCF; at -95°C.
initiator/coinitiator systems; one based on TMPCI and the other based on HCI.
Both catalyst systems used EADC as the Lewis acid coinitiator. A three-neck 500

The dependence of molecular weight on conversion was

This dependence was determined for two different

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



nmol /L solution of hydrogen chloride in CH2FCF3 into 50 ml of pre-chilled
CH2FCF3. To this solution was added 500 microliters of a 1.0 nol/L solution
of ethylalum numdichloride in hexane. This solution was stirred for 5
monutes. yphosidsk®at i on was begun by the dropw se addipCiras200804d0bes
initiator/coinitiator solution into the nononer solution with stirring. The
addition of this solution was naintainged at a rate necessary to keep the
pol ymeri zation tenperature fromrising above -92C. A total of 35 nl of the
initiator/coinitiator solution was used. A 500 m glass resin kettle was
used for thi gofceafitich wasabl & 018wi% BADES i%'MéClM“hﬁﬁﬁfﬁEﬂrﬁéoﬁtﬁdﬁﬁ-%luﬁW% x 10-3
M/MMI%CPD %1,2 148 CH2FCF3 50 527 1.9 5.3 15 WD 2004/ 058828

PCT/ US2003/ 0268 (gided drapsyisebiol the Wob@@ﬁwnaﬂmﬂﬁm[ﬂlé fte rof caddition. is
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warm to the hgihiendriecixpectef ddclife 6f molenilanvdible voie indtehdife tdtrersiartent s of
the test tube, After the diluent reached its b0|I|ng poi nt,,. the m xture was

cool ed to - 9seEyed. mmdhesendatgnalsp eshow (Bt Hlols 1Re Rl ldedbdt“ﬁat"RefS’brted

observati ons JWeiemeRERioAd h]FHFae, conpl et ed heating/cooling cycle. If after
this first heat/cool cycle, T he’cat al yst did not dissolve, 0.5 m of nethyl

chl ori de was added The heat/cool cycle was repeated. Subsequent additions
of 0.5 m of Exg}g]? 4gchloride were made fol |l owing each heat/cool cycle until
t he EADC was erved to dissolve or a 50/50 V/V bl end was achi eved. The
fol |l owi ng

[00204]
conducted at -93°C in CHLFCFs.
cyclopentadiene was used for this polymerization at 10.8 wt% monomers in the
feed. The
initiator/coinitiator solution was prepared by dissolving 200 microliters of a 1.0
mol/L solution of hydrogen chloride in CH,FCF; into 50 ml of pre-chilled
CH,FCFs.

ethylaluminum dichloride in hexane.

A copolymerization of isobutylene and cyclopentadiene was
A molar ratio of 97/3 of isobutylene /

Cyclopentadiene was freshly cracked for this experiment.

To this solution was added 500 microliters of a 1.0 mol/L solution of
This solution was stirred for 5 minutes.
Polymerization was begun by the dropwise addition of the initiator/coinitiator
solution into the monomer solution with stirring. The addition of this solution was
maintained at a rate necessary to keep the polymerization temperature from rising
above -92°C. A total of 35 m! of the initiator/coinitiator solution was used. A 500

ml glass resin kettle was used for this example.

Table 18
j .| Conversion | M, | . :
 Example | Diluent |  (Wt%): | x10° | M,/M, | Mol% CPD | %12
148 | CH;FCF, 50 527 1.9 53 15




observati ons were nmade and recorded. 1,1,1, 2-Tetrafl uoroet hane (HFC 134a)
Tabl e 19 Preparation Vol une % Met hyl Cbservation Chloride EADC + 5nl
HFC-134a 0 Insoluble "chips' + 0.5m nethyl chloride 9 Fine-scale

f | occul at ivat200d0ésmTL net hyl chloride 17 Fine-scal e fl eggnisadosodvoos 0. Smi
met hyl chloride 23 O oudy suspension; slight floc at b.p. + 0.5nm nethyl
chloride 29 d oudy; very small particl + 0.5l nethyl chloride 33 Less
cl oudy; no visible particles WO 2004/ 058828 PCT/ US2003/ 040903 93 + 0.5nm
met hyl chloride 38 Still less cloudy + 0.5m nethyl chloride 41 Nearly
clear + 0.5 LRy j g&m : hl ori de 47
Clear + 0. SmIP 0rlrﬁ\;i'fi %&Jfﬁp%@fdé%ﬁ gé‘AD ea?‘hf(%gggﬁoquﬁr(?ﬁg%essﬁ tgl’j?ihn#abl e 19, the
floccul ation occurred after cessation of stirring, froma very cl oudy

suspension. T i gin "chips! re.n ongel Lhsible. Difl.uorgnethane
(HFC- 32) Tabl @%i Pr epgﬁl&‘a’logu:’?ﬁ%%ltﬁ re%’%é% Wy?&bl&ggr'vgi YO pfffﬁ‘f de EADC +
5m HFGC 32 0 dJshifgodeabbtbylahimbipem dichidtide(EADE)hyEach kst rvadepedfofthédDhit thel oudy +

0, 5mL net hyl | oride 17_S I | ati + 0.5 th h i de 23 d
ety f%Hov%llg uef\ay. 5 rr?lng"f tE-‘e Oc(o:gti'én&dl ]%%roﬂuorocar nnvsere% argec{ 1%(; ae ear

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)

Table 19

) 'Pr‘ellnltratibni | Voiilme Y Methyl - | Oliservaﬁbn

, ' L “_‘_E‘Chloridpﬁ,, o : B
EADC + 5ml] HFC-134a 0 Insoluble ‘chips’
+ 0.5ml methy! chloride 9 Fine-scale flocculation
+ 0.5ml methy] chloride 17 Fine-scale flocculation
+ 0.5ml methyl chloride 23 Cloudy suspension; slight floc at b.p.
+ 0.5m! methyl chloride 29 Cloudy; very small particles
+ 0.5ml methyl chloride 33 Less cloudy; no visible particles




Fl uor of orm (HFC-23) Table 21 Preparation Vol unme % Met hyl QOobservati on

Chloride EADC + 5m HFC-23 0 Insoluble “chips' +0.5nl nethyl chloride 9

| nsol uble + 0.5nl nmethyl chloride 17 Insoluble + 0.5ml nethyl chloride 23

| nsol ubl e Wi§rod00skk358828 PCT/ US2003/ 040903 94 + 0. 5nil powiusydesedeber | de 29

I nsol uble +0.5mL nmethyl chloride 33 Insoluble + 0.5m nethyl chloride 38

I nsoluble + 0.5nm nethyl chloride 41 Iggsoluble + 0.5nm nethyl chloride 44

I nsol uble + 0.5mL nethyl chloride. I nsol uble + 0.5m nethyl chloride 50
Insoluble 1, 1, 1 -Trifluoroethane (HFC 143a) Table 22 Pr epar ation Volunme %

Qobservati on WWm HFG I43a0_[sotubte——chips' +
0.5n et hyl |cRI% Hlﬂ’éthgl@"ﬁdﬂy suspetion  0.5n q’r’é?%ﬁyl"“@hl orid¢ 17 C oudy

suspensi on . ¥ 0.5 mlrgfl chntpride 23 Creal solutl I T-drfturget hane
(EEC- 152a) T4brd-54 8% 58¢ on Vol ufe % Obier vat i °ar ’(eﬁ'yl Chl odfi de

+ 0.5ml methyl chloride 44 Nearly clear

+ 0.5m! methyl chloride 47 Clear

+ 0.5ml methyl chloride 50 Clear

[60206]

In the tests in Table 19, the flocculation occurred after cessation of

stirring, from a very cloudy suspension. The original ‘chips’ were no longer

visible.

Difluoromethane (HFC-32)

Table 20
. Preparation = Volume % Methyl .| " - Observation
: SR Chloride '

EADC + 5ml HFC-32 0 Insoluble ‘chips’
+ 0.5ml methyl chloride 9 ' Slight cloudy
+ 0,5ml methyl chloride 17 Some floccuiation
+ 0.5m] methyl chloride 23 Clear

Fluoroform (HFC-23)
Table 21
Preparation . Volume % Methyl Observation
¥ ‘ Chloride - o
EADC + 5ml HFC-23 0 Insoluble ‘chips’

+ 0.5ml methy! chloride 9 Insoluble

+ 0.5ml methyl chloride 17 Insoluble

+ 0.5ml methyl chloride 23 Insoluble




EADC+5mLHFC- 152a 0 Sol ubl e 100207] The solubility tests performed in Table
24 were perfornmed using 1.0 nol/L stock hydrocarbon sol utions of

et hyl al um num di chl ori de (EADC) prepared at roomtenperature from neat EADC
and the hwglpesaapkseis | i sted in the table. Pentane refemngriw2000/0§83 pent ane.
ULB hexanes refers to an ultra |l ow benzene grade of hexanes, an isoneric

m xture, which contains |ess than 5 ppng;WO 2004/ 058828 PCTI US2003/ 040903 95
benzene. The final 1,1,1,2-tetrafl uoroethane (HFC 134a) sol ution was
prepared by adding the roomtenperature EADC stock solution, volume |isted
in the tabl e, r—tothe Uit HFC-1I3da T m a fest tube hetd—at—=35C—tm al |
cases, an i niltT&Pkyetiylepride s opt aidled whi ¢h is cl earlnsalblecol or | ess. | The

resul ti ng soljurion. was .t hen, clool ed y 1 mmefsing the Test tube rnro e dry
box col d bath Thg‘ﬁh‘agtﬁ%f’@f}“‘?t -95C. the cl ¢ud point VRPN er i ned by

moni toring tHhe erature.of{ the Tiguid with a ther ter and visually
det er ni ni ng thEB'glﬁE’B?tﬁl%Fﬁlgﬁ’%u i ness.”®The soljuti ons agigﬁ“bgeecane cl eat by
allowing the|s t1o t rmto a tgenperatfure above th cloud point. The
behavi or of th'gb'g%}rﬁ%}ﬁ%ﬁﬁg?ound t he 4%-:ll oud poi nt was oblésem\'/béed for several

m nut es by repﬁeg_g,gg%lg%ﬁg%q%g and m ng the soluti oqpso'[mes phenonenon was

found to be rlepro e 24 drocarbhon Volunme (mcroliters) VBI une

of Final EADQG %gfﬂgmetﬂg; cﬂiox@de’v St ock #ADC HFC- 134a Concgpiuiiad i on Poi nt
Solution (nil) (W.% 1C) Penfane 100 10 0.1 -87 Pentane 174 15 0.1 {87

ULB hexanes 1746_3§119;t11yl-cﬁgﬁdesol ubi | iggy of Alkoxyal um ngggrigichl orides |n
1,1,1,2-tetrafluoroethane (HHC 134a) [002081 The solubility tests reported

in Tabl e 25 were conducted by
1,1,1-Trifluoroethane (HFC-143a)

Table 22
" Preparation .|, Volume % - 7 Observation
: . ' Methyl Chloride v Lo
EADC + 5ml HFC-143a 0 Insoluble “chips’
+ 0.5m] methyl chloride 9 Cloudy suspension
+ 0.5ml methyl chloride 17 Cloudy suspension
+ 0.5ml methyl chloride 23 Clear solution
1,1-difturoethane (HFC-152a)
Table 23
Preparation - Yolume % |- . _ Observation-
T Methyl Chloride | DR -
EADC + 5ml HFC-152a 0 Soluble
[00207] The solubility tests performed in Table 24 were performed using

1.0 mol/L. stock hydrocarbon solutions of ethylaluminum dichloride (EADC)
prepared at room temperature from neat EADC and the hydrocarbon listed in the
table. Pentane refers to normal pentane. ULB hexanes refers to an ultra low

benzene grade of hexanes, an isomeric mixture, which contains less than 5 ppm



prepari ng each al koxyal um num dichloride in situ. A general procedure
follows. A solution of the correspondi ng al cohol was prepared by addi ng
0.0001 nmoles of the alcohol to 10 mlIliliters of HFC 134a at -30C. To this
sol ution wEs 0%% 100 microliters of a 1.0 nol/L st e/ HMWsE48030o| uti on of
EADC. After ?hi s last addition, the HFC 134a sol ution was shaken
periodically over the next five mnutgs. The solution was allowed to warm
to -10C in a closed vessel and then <cooled in the dry box cold bath
thernostated at -95C. The cl oud point was WO 2004/ 058828 PCTI US2003/ 040903
96 det er m negknBdhe/TOTHet firidl 111, 1, Dectiadiip@edbny EIRE-134%) sbiutibh Gvagipkdpasedt her nonet er
and visually determ ning the onset of cl ou&i ness.. The sql utions again

becarme cl earDpydding tPBW%tGF}P@m%F gﬁ%?_"?‘bs YRJume digted dn ﬁled‘_?@e:above t he
cl oud poi nt -toﬁi?licpf?fﬁ@?ﬁ'—ﬁﬁaﬁfategﬁuﬁé)ﬁéﬂ hﬁ?s@.%%ﬂ chdl§, zﬁJiﬂh‘ﬂl QY Was
a g a g the

observed for seve m nut es y repeatedly coolin nd warmn
sol uti on. Thissbpiredovtdciois oles ahd voldri¢ess. The resajiingdrohitioh evas Thdnl @oRd CH30AI C12

T06. 02 W . B EHHRGR 5 (59 e iioqia 97 or sold S BRI BerTi (18) - 85 - 85
-85 W sol i dsclo@i/ poihQRad dtertihed By BidhitordHptthl AbiBpkrataiePos metuthamswitﬁ gst

procedures (such”as ASTM nethods), and other docunents cited herein are
ful Iy i ncor pbemmasetesyandeyisyally cdetermining, theesnsehof sloudinesss cTbe gelations not

I nconsi st ent_ .1 | i n%,e ' |l UL I SELGE L ' i ch such
I ncor por ati of |ns%5é?lren§e e _ﬁfo@%%@?@e&lgénsﬁth%%é{glﬁ%%ﬁﬁﬁo? t'\'smaénd
nuneri cal upgeud poimti tThe helmvidrof thé solutiveanound the glesd pointrwvasigbseowdiforl i mt to

any upper limt are contenpl at [ 00211] ile the.illustratiye. enrbodi ments
o L hers nvertErbA HEpUPDCBh TRt (50g (WS pRPERER) e SYBEET \ufhis D
under st ood t ftzhomednOus fouddad bEBshrdducibld. ONs .

Table 24
‘Hydrocarbon | Volume (microliters) Volume of Final EADC | Cloud -
‘ of 1.0 M Stock EADC | HFC-134a Concentration | Point -
| Solution . mL) | | (Wt%) 1O
Pentane - 100 10 0.1 -87
Pentane 174 15 0.1 -87
ULB hexanes 174 15 0.1 -85

Solubility of Alkoxyaluminum Dichlerides in 1,1,1,2-tetrafluoroethane (HFC-
134a)

[00208] The solubility tests reported in Table 25 were conducted by
preparing each alkoxyaluminum dichloride in situ. A general procedure follows.
A solution of the corresponding alcohol was prepared by adding 0.0001 moles of
the alcohol to 10 milliliters of HFC-134a at -30°C. To this solution was added
100 microliters of a 1.0 mol/L stock pentane solution of EADC. After this last
addition, the HFC-134a solution was shaken periodically over the next five
minutes. The solution was allowed to warm to -10°C in a closed vessel and then

cooled in the dry box cold bath thermostated at -95°C. The cloud point was



wi || be apparent to and can be readily nmade by those skilled in the art

w thout departing fromthe spirit and scope of the invention. Accordingly,
it is not intended that the scope of the clains appended hereto be |imted
to the exyloBfossgad descriptions set forth herein but pcuubmos/edss the
claims be construed as enconpassing all the features of patentable novelty
which reside in the present inventionggincluding all features which woul d
be treated as equivalents thereof by those skilled in the art to which the
i nvention pertains. 97 CLAIMS 1. A polynerization process conprising
contacting Oletefhingd b nivditormy {()tempdrattre0ss the liquidemitls a dRdrfhofakter @€ Or nore

initiator(s), . and di |, yen conpr.i sing ong or npre hydrofl uorocarbon(s)
(RFC's) in a visualht drtermpning: Ogﬁ%egglgucgpcsy Thesolutions again hecame clpar bor e

hydr of | uor ocafbefhgSthe 'sﬁluuélﬁpfoeﬁrﬁt%@@a Pa@nﬁ@mueafhe%m n,gmﬂwerrﬁén x is an
integer from1l to 40 and y and z are integers of one or preferably
xis from1 t behayiorpdithe soprtien@rqu yhecclpud mm@trwens abserged frurseverallminitgs x i s from

%yél(r)ogl ugr o-(I:-aS’ ’gﬂe?@ﬁ’ °°8fmﬁc1%ﬂvg&n%%n gg@l& ec?glaggﬁ%n%hfeggr%ra%ﬁoumény sting of

fIuoronethan@emp%&wmmﬂonethane trifl uoronet hane; fluoroethane

1, 1-di fl uoroet hane; 1,2- difluoroeth 21, 1, 1 -trifluoroethane;
,2-trifluoroethane; 1,1,1,2- tetr oet hane;

2-tetrafl uoroethane; 1,1,1, 2, 2-pentafluoroethane; 1-fluoropropane;
oropropane; 1,1-difluoropropane; 1,2-_difluoropropane;

i f1 uor dpr opane; 2, ?oil]@é)m; D PHOOATAIC,, 1(éH%)£did)Hler éF&ﬂEOQICh

2,
u
-d
, 2-trifl Joropropane; 1 3-trifluor Qpr apgn ri fl uoroprapane;
3-
1
a

trifl Lorpwr(gaﬁl)e 1 . 1b8%22- 1 et r af2lggor ogr opaner.oo 196.92
3-tetr nmmnnmg;—tt —2-tetraflyoropropane; 1. 1.2 3-
a% hﬁﬂ'r“ 1] 3, d0getr i\fl uar.mpr opdne; 19.22 2, 3-tlet r afollgor opt opane;

1, 2, 2- pen ra‘#goﬁnr ohropane; 1 1 2 3- pent af l uor opriopane; 111, 3, 3-

éf | uor opr(gmq@mt(kc)l 2, 2-88- pent af I u;er opr pan.es whollds2, 3|, 3- -87

[00209] All patents and patent applications, test procedures (such as ASTM
methods), and other documents cited herein are fully incorporated by reference fo
the extent such disclosure is not inconsistent with this invention and for all

jurisdictions in which such incorporation is permitted.

[00210] When numerical lower limits and numerical upper limits are listed

herein, ranges from any lower limit to any upper limit are conternplated.

[00211] While the illustrative embodiments of the invention have been
described with particularity, it will be understood that various other modifications
will be apparent to and can be readily made by those skilled in the art without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present
invention, including all features which would be treated as equivalents thereof by
those skilled in the art to which the invention pertains.



pent af | uor opropane; 1,1,1, 2,2, 3-hexafl uoropropane; 1,1,1, 2,3, 3-
hexaf | uor opropane; 1, 1, 1,3, 3, 3-hexafluoropropane; 1,1,1, 2,2, 3, 3-
hept af | uor opropane; 1,1, 1,2, 3, 3, 3-hept af | uoropropane; 1-fl uorobutane; 2-
fl uorobutane; 1,1-difluorobutane; 1, 2-dighl uorobutane; 1, 3-difl uorobutane;
1, 4-di fl uorobut ane; 2, 2-difl uorobutane; 2, 3-di fl uorobutane; 1,1, 1-
trifluorobutane; 1,1,2-trifluorobutane; 1,1,3-trifluorobutane; 1,1, 4-
trifluorobutane; 1,2,2-trifluorobutane; 1,2,3-trifluorobutane; 1,3, 3-
trifluorobutane; 2,2,3-trifluorobutane; 1,1,1,2-tetrafluorobutane; 1,1,1,3
8 tetrafluorobutane; 1, 1, 1, 4-tetr€@LAIMSbut ane;
,2,2-tetrafl uorobutane; 1,1, 2, 3-tetrafl uorobut ane;
,2,4-tetrafl uorobutane; 1,1, 3,3- tetrafl uorobutane;

3,4-tetraf | uorp g%ﬁﬁﬁiaéo rBeds bEhpAtihg 05 NMhe or more monomer(s),
,2,2,3-tetrafl uorobutane; 1,2, 2,4-tetrafl tUorobutane; 1,2, 3, 3-
a

etraf | uor obut ane;ong, @ natet bewiaf huidshboneve, mpre2 iBtigtot(e). r afd woddisnt ane;
,1,1,2,2-pentafl uorohutane: 1.1, 1 2 3=pentaflyaqr ane: 1,11 2, 4-
pentafluorobutaneFoﬁgwﬁygfwﬁPEyﬁﬁﬁPgFPﬁﬂFBﬁ%V§ﬁ§f?§#%§i?§f%@&“-

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

pent af | uorobut ane; 1,1, 2, 2, 4-pent afl uorobutane; 1,1, 2, 3, 3- )
pent af | uor ob& ane;The, progess af pleim df, | Whereiguengner miorg hydgyflworocarbon(s) is

pent af | uor obut ane; z | upr il 2,23, 4-

pent af | uor obut ane;reﬁ'f"ge??ed%?’%@,e@g'ﬁ{él%a LR Bfeing B ifeeler o 1 t0 40
hexaf | uor obut ane; ahd yland% ate ntegdresbédesr e proferably X ,id frdm3l ¢ 10, more
hexaf | uorobutane; 1, 1, 1,2,4,4-hexafluorobutane; 1,1,1, 3, 3, 4-

hexaf | uor obut ane: Preferablyx is fiom 11 PapartigHamyx amomil 93 4 4 4-
hexaf | uorobut ane; 1,1, 2, 2, 3, 3-hexafl uorobutane; 1,1, 2, 2,3, 4-

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

hexaf | uor obutdane; Thelprdcels 4f 4lalivaxiafhecsin thet aieeor o2, ByddofByctecarbon(s) is
hexaf | uor obutane; 1, 1, 1,2, 2, 3, 3-heptafluorobutane;, 1,1,1. 2,2, 4 4-
hept af | uor obut ane:independensly, selecied, cfsgmy thgo REMR Sovsisting) off fuogorgethane;

difluoromethane; trifluoromethane; fluoroethane; 1,1-difluoroethane; 1,2-
difluoroethane; 1,1,1-trifluoroethane; 1,1,2-trifluoroethane; 1,1,1,2-
tetrafluoroethane; 1,1,2,2-tetrafluoroethane; 1,1,1,2,2-pentafluoroethane;
1-fluoropropane; 2-fluoropropane; 1,1-difluoropropane; 1,2-
difluoropropane;  1,3-difluoropropane;  2,2-difluoropropane; 1,1,1-
trifluoropropane; 1,1,2-trifluoropropane; 1,1,3-trifluoropropane; 1,2,2-
trifluoropropane; 1,2,3-trifluoropropane; 1,1,1,2-tetrafluoropropane;
1,1,1,3-tetrafluoropropane; 1,1,2,2-tetrafluoropropane; 1,1,2,3-
tetrafluoropropane; 1,1,3,3-tetrafluoropropane; 1,2,2,3-tetrafluoropropane;
1,1,1,2,2-pentafluoropropane; 1,1,1,2,3-pentafluoropropane; 1,1,1,3,3-
pentafluoropropane; 1,1,2,2,3-pentafluoropropane; 1,1,2,3,3-
pentafluoropropane; 1,1,1,2,2,3-hexafluoropropane; 1,1,1,2,3,3-
hexafluoropropane; 1,1,1,3,3,3-hexafluoropropane; 1,1,1,2,2,3,3-
heptafluoropropane; 1,1,1,2,3,3,3-heptafluoropropane; 1-fluorobutane; 2-
fluorobutane; 1,1-difluorobutane; 1,2-difluorobutane; 1,3-difluorobutane;
1,4-difluorobutane;  2,2-difluorobutane;  2,3-difluorobutane; 1,1,1-
trifluorobutane;  1,1,2-trifluorobutane;  1,1,3-trifluorobutane; 1,1,4-
trifluorobutane;  1,2,2-trifluorobutane;  1,2,3-trifluorobutane;  1,3,3-

trifluorobutane; 2,2 3-trifluorobutane; 1,1,1,2-tetrafluorobutane; 1,1,1,3-



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

hept af | uor obutane; 1,1, 1, 3, 3, 4, 4- hept af | uorobutane; 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-

oct af l uorobut ane; 1, 1, 1,2,2,4,4,4-oct@§Iuorobutane; 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-

nonaf | uorobutane; | -fluoro-2 -nethyl propane; 1, 1-difluoro-2- nethyl propane;
1, 3-di fluoro-2-nethyl propane; 1, 1, 1 -trifluoro-2- methyl propane;

1,1, 3-trifluoro-2-nethyl propane; 1,3-difluoro-2- (fluoronethyl)propane; 1,

1, 1, 3-tetrafl uor dettaflvetdbpkameopadnk ], 4dtettafBiogebutaer afl, Ld2eteRaflmirblyitgneppane; 1,

1,3 -trifluoro-2-(fJuygro hyl.) pr opane; , )
1, 3, 3- pent af | uor o-lzi’#’gftﬁﬁfﬁﬂ%‘b%{‘ﬁ €1, 1, 3,1é12[,%-{e;r£]ﬂ}1%|‘pgt_a§g, 1,1,3,3-
(f1 uor omet hyl ) pr opafgiuofobulanel, 3,1 SUtiihH@routaref | UOT ANEkNBERRARE: 99

fl uorocycl obutane; 1, 1-difluorocycl obutane; 1,2-difluorocyclobutane; 1, 3-
di f1 uor ocycl obut ale2.2,3-te¢traflyarebutans: ocycl b8 htriraflgorpbgtane; 1,2,3,3-

trifluorocycl obut P -triflagr ohut ane: V2r .
tetrafl uorocycl Obg{tgarg&or@u%ng: 3-1t’%? 74%%&?08%}%@&ugza%ét%'tffrii}%rﬁ?%@ne’
pent af | uor ocycl obut Bng;2-gentaffiodotirtsirnt afll, uDLCHmtgludtdbuginel, 1,14, 823, 3-
hexaf | uorocycl obutane; 1,1, 2, 2, 3, 4- hexaf | uorocycl obutane; 1,1, 2, 3, 3, 4-
hexaf | uor ocycl obutPsh@flugrobutang; 3° 3. 41Heb3.Afncatsilyespbuishet ane: \ilnkb.4-
fluoride; 1,1-difl .1, 2-di flu € . -triflyor hene; 1-
fl uor opropene, 1, p%ﬁ{ag:ﬁﬁbﬁg{r%g%r opene;l’ligg‘ggjfepﬁggplgé}%ag%’ne; 1, 39’25}3

di f |l uor opropene; zedtadlublobataggr opene;l,1R, 34dichiafloobapene; 1, 1,122,3,3-
trifluoropropene; 1,1,3-trifluoropropene; 1,2 %}-t ri fluoropropene; 1,3, 3-
trifl uoropropene: Psnilgorobptangor opr odene 45pentabluprabpiangy opr opdrled:3:4: 1 uor o-
1- but ene; 2-fluorq; - T 1 UOT G- t 4= 0-1-but 241, 1-

di fl uor o- 1- but ene?”&@?ﬂé@?ﬁﬁg‘?b_ | - buﬁgﬁ%?’glﬁgﬁglluﬁofgg%g%’r opene;1"3511}?’?1’-4

d! fluoro-1-but ene;peﬁtaﬂudidohtme;o- | - butlehéﬂ,%@aﬂpcﬁﬂobmme;l - but &s€l,2,3,43-

di fl uoro-1-butene; 3,4-difluoro-|- blII,tl’elr’lﬁlﬁ),ei;Hl fl uoro-1-but ?qe12%41 2-

hexafluorobutane; uorobutane,

hexafluorobutane; 1,1,1,2,4,4-hexafluorobutane; 1,1,1,3,3,4-
hexafluorobutane; 1,1,1,3,4,4-hexafluorcbutane; 1,1,1,44,4-
hexafluorobutane; 1,1,2,2,3,3-hexafluorobutane; 1,1,2,2,3,4-
hexafluorobutane; 1,1,2,2,4,4-hexafluorobutane; 1,1,2.3,3,4-
hexafluorobutane; 1,1,2,3,4,4-hexafluorobutane; 1,2,2,3,3,4-

hexafluorobutane; 1,1,1,2,2,3,3-heptafluorobutane; 1,1,1,2,2.4.4-
heptafluorobutane; 1,1,1,2,2,3 4-heptafluorobutane; 1,1,1,2,3,3,4-
heptafluorobutane; 1,1,1,2,3,4,4-heptafluorobutane; 1,1,1,2,4,4,4-
heptafluorobutane; 1,1,1,3,3,4,4-heptafluorobutane; 1,1,1,2,2,3,3,4-
octafluorobutane; 1,1,1,2,2,3,4,4-octafluorobutane; 1,1,1,2,3,3,4,4-
octafluorobutane; 1,1,1,2,2.,4,4,4-octafluorobutane; 1,1,1,2,3,4,4,4-
octafluorobutane; 1,1,1,2,2,3,3,4,4-nonafluorobutane; 1,1,1,2,2,3,4,4,4-

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

(fluoromethyl)propane;  1,1,1,3-tetrafluoro-2-methylpropane;  1,1,3,3-
tetrafluoro-2-methylpropane; 1,1,3-trifluoro-2-(fluoromethyl)propane;
1,1,1,3,3-pentafluoro-2-methylpropane; 1,1,3,3-tetrafluoro-2-
(fluoromethyl)propane; 1,1,1,3-tetrafluoro-2-(fluoromethyl)propane;



trifluoro-I|-butene; 1,1,3-trifluoro-I|-butene; 1,1,4-trifluoro-I-butene;
1,2,3-trifluoro- I-butene 1,2,4-trifluoro-I|-butene;
1,3,3-trifluoro-1-butene; 1,3,4-trifluoro-I-butene;
1,4,4-trifluoro-1-butene; 2,3,3-trifluogg-I-butene;
2,3,4-trifluoro-|-butene; 2,4,4-trifluofo-I-butene; 3,3,4-trifluoro- 1
-butene; 3,4,4-trifluoro-I|-butene; 4,4,4-trifluoro-I|-butene;
1,1,2,3-tetrafluoro-1- butene; 1,1, 2,4-tetrafluoro-I-butene;
1,1,3,3-tetrafluoro-1-butene; 1,1, 3,4- tetrafluoro-1-butene;

1,1, 4, 4-t et r af | uorftuokedydlobone;1l, Edﬁhﬂxdicgtsrohﬁianqr DQ-Id-lﬂllm.tb(Bﬁﬁjbutane 1 3

1,

2,3,4-tetrafl uoro- I-butﬁﬁ)e 1,2, 4, 4- tet& uor o- | - but ene;
u 11

tetraf | uor o- 1- but &hfluorge JAnEet r af | udeb? Eﬁr@i‘i@l(’bl‘t%leﬂf 4- tet rla? F”Uoro | -
but ene; 2,3, 3, 4-t g};palLbbiSsdiafaut ene; 2o ﬁ,fﬁl El%tHRéO | - butieney. 2, 4, 4, 4-
tetrafl uoro-1- buteﬁe H§{4 4?tetrafluor?’ utek g 44, 4- tetfggeuoro-l-
butene; 1,1, 2, 3, 3-t¢mﬂtmquyo}obuﬂan¢1utenh1 3B~ tbtrﬁﬂ@qrée)p:dnmndﬂeuoro-lLl-:hBl,Bene;
1,1,2,4, 4-pentafl uoro- but 1,1, 3 ent uor but ene; , 3,4, 4-
pent af | uor o- 1 - but é’r‘?@taﬂforfcﬁ Qb‘ﬁm}:?ent Lt ?}éérﬁeniaf@m E’bﬁta‘l‘ee 2?2?-721 3 %

pent af [ uoro-1 - but %ﬁaﬂxiloré’oy%wtufkn@enl ahl P?ﬂ%ekaﬂﬂﬂﬁ@d}%lobﬁta%e‘l 4,1%3 34

pent af | uoro- 1- but ene; 2, 3,°3, 4, 4-pentaf f Uoro- 1 -butene; 2,3,4,4 00

pent af | uor o- | - but dwwafh®racyslobuthngent 11,2:283-4-hipiafiyseocytiobpmpg; 3, mnyl
hexaf | uoro-1-butene; .1, 1,2, 3.4, 4- hexafluqgro-| -but ene; 2.4 4-

hexaf | uor o- | - but eﬁﬁi %é 1é'§ﬂﬂérﬁetﬁ8&eaf]1%§llﬁl ofQ e@fﬁ"@ i’ ’%tréﬂ"?h?ﬁtﬁén&z -

hexaf | uor o- 1- but efRioreprépehes. 4, ﬂtiaﬁhﬁifrépt@gfs&rel - but Qﬂﬁﬂu&oﬁroge&z,?’ 41 4-
hept af | uoro-1-butene; 1,'1,2,3,4,4 hept a | uor o- I'- but ene: 1,3,3,4,4,4-
hept af | uor o- 1- but eh@toropmpenes. 423-diflhetoprspengsr 03,3 émt@rmvropsnﬂsl uok.b:22-

but ene; 2-fl uoro- n i r en d|f| t ene;
1, 3-di fl uoro-2- butzut‘aﬁg&%gg%e%ﬂfllgloé o?@u%fﬁroﬁem ?’% 31& HOT< u’[ ehgg 1,1,1-

trifl uoro- 2- but eneriflierbpedpbhd; 1,310+t fidorbpioperes; 31331nﬁuorbptoﬁ)bmrloﬂambutene
,4-trifluoro-2-butene; 1,2,3-trifluoro-2-butene
trifluoro- 2-lobutenss: 2-hioror 1-bytepe;r drffugre-idwiens: whifluere-1-butene; 1,1-

4-
t2 etraf | uor o- 2- (ﬁﬁl‘i&ﬁq _buterte; - 112 d-lﬁﬁ(%rﬁfﬂ Pgtcﬁﬂﬁoropropene 1,4-

,3-tetrafluoro ut ene; etra Fubro
difluoro-1-butene; 2 ,J-difluoro-1-butene; 2,4-difluoro-1-butene; 3,3-

1,1
1,2
1, 3-
1,1

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-triflucro-1-butene;
2,3,4-trifluoro-1-butene; 2,4,4-trifluoro-1-butene; 3,3,4-trifluoro-1-butene;
3,4 4-trifluoro-1-butene; 4,4,4-trifluoro-1-butene; 1,1,2,3-tetrafluoro-1-
butene; 1,1,2,4-tetrafluoro-1-butene; 1,1,3,3-tetrafluoro-1-butene; 1,1,3,4-
tetrafluoro-1-butene; 1,1,4,4-tetrafluoro-1-butene; 1,2,3,3-tetrafluoro-1-
butene; 1,2,3,4-tetrafluoro-1-butene; 1,2.4,4-tetrafluoro-1-butene; 1,3,3,4-
tetrafluoro-1-butene; 1,3,4,4-tetrafluoro-1-butene; 1,4,4,4-tetrafluoro-1-
butene; 2,3,3,4-tetrafluoro-1-butene; 2,3,4,4-tetrafluoro-1-butene; 2.4,4,4-
tetrafluoro-1-butene; 3,3,4,4-tetrafluoro-1-butene; 3,4.4,4-tetrafluoro-1-
butene; 1,1,2,3,3-pentafluoro-1-butene; 1,1,2,3,4-pentafluoro-1-butene;
1,1,2,4,4-pentafluoro-1-butene; 1,1,3,3,4-pentafluoro-1-butene; 1,1,3,4,4-
pentafluoro-1-butene; 1,1,4,4,4-pentafluoro-1-butene; 1,2,3,3,4-
pentafluoro-1-butene; 1,2,3,4,4-pentafluoro-1-butene; 1,2,4,4.4-
pentafluoro-1-butene; 2,3,3,4,4-pentafluoro-1-butene; 2,3,4,4,4-



butene; 1,2,3,4-tetrafluoro-2-butene; 1, 1, 1,2, 3-pentafluoro-2-butene;
1,1,1, 2, 4-pentafl uoro-2-butene; 1,1,1, 3, 4-pentafluoro-2-butene; 1,1,1,4,4-
pent af | uor o- 2-butene; 1,1, 2, 3, 4-pent afl uoro-2-butene; 1,1, 2,4, 4-

pent af | uor o- 2-butene; 1, 1, 1,2, 3, 4- hexﬁd uoro-2-butene; 1,1,1, 2,4, 4-

hexaf | uor o- 2-butene; 1, 1, 1, 3,4, 4-hexafluoro-2-butene; 1,1,1,4,4,4-

hexaf | uor o- 2- butene; 1,1, 2, 3, 4, 4- hexaf | uoro-2-butene; 1,1,1, 2, 3,4, 4-

hept af | uor o- 2-butene; 1,1,1, 2,4, 4, 4-hept afl uoro-2-butene; and m xtures
thereof. 4. The process of claim1l, wherein the one or nore

hydr of | uor ocar bon(pshtaflaoror rthetere)d e nt3, 3,4 del-patafthofo-drhutdre; gr olp,2cH)Rdi sti ng of
fl uoronet hane, difl uoronethane, trifl.uor t hane, .1, 1-difl uorqet hane,
1,1,1- trifl uoroeth¥ ,Orrr‘ﬁll?“i?nfi t et ﬁgﬁ‘*ﬁ%ﬁ-ﬁ}@g ‘fPé?‘lél?He’}ﬁ; xt uﬁ)’ég"t Feof. 5.
The process of anye@ifidie:1AuRGRAI NO1 0)32) WB-heWhGidh -biltnedi | UEDts £oUPY i ses
between 5 and 100 vol unme % HFC based updn the total volufre of the ~diluent,
preferably from 1lhexadhid@-Ivmitense 9234 dakskekatlpom- t-hatenet al 1,1.238,3)48- of t he

di luent, nore preferahly t di | ue oppr,i.ses from 20 to vol yme % HFC
based upon the to_lhgptaaB%{rL?ﬁGggtFn‘?’heﬂhgﬁmmjheﬁﬁgu@{?&' F§1e n]é?'g’zﬁo‘g%’#'er abl y
the diluent conprikgpafiis@n-Bach® 1002, yolaumhibftorobas@endipPon-fikgo-bot al

vol unme of the diluent. 6. The process of any of clains 1 to 5 wherein the

di l uent further cdmanesesfluerordbittensar bordifleoradnbytenest 1.3alidiaspi2rbutensd/ or an

inert gas. 7. The fclaimb, wherein the,hydroc on_is
hal ogenated hydr o@%ﬁﬁ%rs?%od Pafeng h?ﬁ’%ﬁuﬂl‘—;’é{ b%tlﬁg?’e%’gb‘ﬁ@/mtoﬁiégwﬁlp%gléﬁ’allf ed

hydrocarbon is naiiflMbrochib@ehgle. 1812 hudbockaens)l  amy3-efifledrai2Mutdnet 0 7,
wherein the one or nore Lewi s acid(s iis represented by the fornula M4,
wherein Mis a G dub4drtiflaprog-butanasdy 4 B-trifwero-2elsenex 1i54-driflugrogebptens;

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-butenc; 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.

4. The process of claim 1, wherein the one or more hydrofluorocarbon(s) is
independently selected from the group consisting of fluoromethane,
difluoromethane, trifluoromethane, 1,1-difluoroethane, 1,1,1-

trifluoroethane, 1,1,1,2-tetrafluoroethane, and mixtures thereof.

5. The 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 the diluent comprises from 20 to

100 volume % HFC based upon the total volume of the diluent, and even



the one or nore Lews acid(s) is represented by the formul a MRNX4_n;
wherein Mis Goup 4, 5 or 14 netal; each Ris a nonovalent Cl to G e

hydr ocar bon radi cal independently selected fromthe group consisting of an
al kyl, aryl, arylalkyl, alkylaryl and gycloalkyl radicals; n is an integer
fromO to 4; and each X is a halogen; or the one or nore Lewis acid(s) is
represented by the formula MRONR mX4_ (mtn); wherein Mis Goup 4, 5, or
14 netal; each ROis a nonovalent C, to C30 hydrocarboxy radi cal

i ndependent ly selected fromthe group consisting of an al koxy, aryl oxy,
aryl al koxy, al kylmmylmicralﬂyiitbakiﬂuemammpﬂsesi from BHnovidDerdlure % GKC2

hydr ocar bon radi c dep dent | fromthe group consisting of an
al kyl, aryl, aryl 3? E‘if{l ?/Foé‘?l oluny B‘etgﬁlgﬂﬁeé‘l “kyl radicals; 102 n is an

integer fromO to 4, mis an |nteger fromO to 4, wherein the sumof n and m
is not nore than 4; and each X is a hal ogen; or the one or nore Lew s
acid(s) is reﬁpreséﬁteadows pfieny of elaings 1 N(R@tl@ﬁ)lnﬁl‘lerﬂime@t funther odroprisens M i s
Goup 4, 5, or ent to C30 hydrocarbacyl
radical i ndependﬁ’i@o?&fo&f‘%nﬁaﬂ‘h"? ﬂ@ﬁﬂ’rﬁé)r@l}ﬁ%ﬁr&ﬁ ng of an al kacyl oxy,

aryl acyl oxy, arylal kyl acyl oxy, alkylarylacyloxy radicals; each R is a
nonoval ent C, to Cl2 hydrocarbon radi cal independently selected fromthe
group consistd-ng ofheaprasessyiof elaipt 6, awherainkyhe hatoparhpy|is a halogenated

hydrocarbon other than an HFC, preferably the halogenated hydrocarbon
is methyl chloride.

8. The process of any of claims 1 to 7, wherein the one or more Lewis acid(s)
is represented by the formula MX,;
wherein M is a Group 4, 5, or 14 metal; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula MR X4., -
wherein M is Group 4, 5, or 14 metal;

each R is a monovalent C; to Cy» hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

n is an integer from 0 to 4; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula M(RO),R'mX4.
{m+tn);

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;



and cycl oal kyl radicals; nis an integer fromO to 4, mis an integer fromO
to 4, wherein the sumof n and mis not nore than 4, and each Xis a

hal ogen; or the one or nore Lewis acid(s) is represented by the formula
MOX3; wherein Mis a Goup 5 netal; any 2each X is a hal ogen; or the one or
nore Lewis acid(s) is represented by the“formula MX3; wherein Mis a G oup
13 netal; and each X is a halogen; or the one or nore Lews acid(s) is
represented by the fornula MRnX3_n wherein Mis a Goup 13 netal; each Ris
a nonoval ent C, to C 2 hydrocarbon radical independently selected fromthe
group consisting afis amiratdey fronpd 30 4; ar yI al kyl, alkylaryl and cycl oal kyl
radicals; 103 n is ,an . integer froml 3; and each X is a hal ogen or the
one or nore Lewi snbtsl3&(l§f)eg?rsfr?@;9rt6§e}‘(b%rﬂmﬁbe $8 of B FRISMERDPHRIAXS:.  (men) :
wherein Mis a G gy ﬁg‘) 13 nmetal; each ROis a nonovalent Cl1 to C30

hydr ocar boxy radi ca mdependently selected fromthe group consisting of an
al koxy, aryl oxy, eaagH Xlikekylogemlokyl aryl oxy radicals; each R is a nonoval ent
Cl to Cl2 hydrocarbon radical independently selected fromthe group
consisting of an alkyl, aryl, arylalkyl, alkylaryl and cycloal kyl radicals;

nis an integer frambhd 03imore Lewis acid(s) is represented by the formula
MRC=00)R'mX4-im+);
wherein M is Group 4, 5, or 14 metal;
each RC=00 is a monovalent C; to Cjy hydrocarbacyl radical
independently selected from the group consisting of an alkacyloxy,
arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals;
each R' is a monovalent C; to Cj, hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 0 to 4;
m is an integer from 0 to 4, wherein the sum of n and m is not more than 4;
and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula MOXj;
wherein M is a Group 5 metal; and

gach X is a halogen; or

the one or more Lewis acid(s) is represented by the formula MXs;
wherein M is a Group 13 metal; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula MR, Xs.,, .
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;



mis an integer fromO to 3, wherein the sumof n and mis from1 to 3; and
each X is a halogen; or the one or nore Lews acid(s) is represented by the
formula MRC=00) nR mX3-(m+n); wherein Mis a Goup 13 netal; each RC=QO is
a nonoval ent hydrocar bacyl radical |ndgg®ndently sel ected fromthe group

i ndependently selected fromthe C2 to group consisting of an

al kacyl oxy, arylacyl oxy, aryl al kyl acyl oxy, alkylarylacyloxy radicals; each
R is a nmonovalent ClL to Cl2 hydrocarbon radical independently selected
fromthe group consisting of an alkyl, aryl, arylalkyl, alkylaryl and

cycl oal kyl radi calrsis an intsgarfrann eg@yarfdr om0 to 3; mis a integer fromO to
3, wherein the sum of and mis froml to 3; and each X is a hal ogen; or
the one or nore Lé'\ﬂfl%f;é?&‘(’?)g % epresented by the formula MX,,; wherein M
is a Goup 15 netal; 104 each X is a halogen; and yis3,4or5;or the one or
nore Lewis acid(s) is represented by the fornula MRnXy_n; wherein Mis a
G oup 15 netal ; edbhoR drsmarefmvay adid(s) 1s@¢prbstnceﬂ2))madtfmmaﬂdaMﬂRﬂadim

i ndependently selected fromthe group consisting of an al kyl, aryl,

aryl al kyl, al kyl argt™: and cycl oal kyl radicals; nis an integer fromo to 4;

y is 3, 4 or 5 WhgK&®kiA Mid $Gr&fS13mealy; and each X is a hal ogen; or the
one or nore Lewis acid(s) is represented by the fornula RO) R mXy.

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 3;

m is an integer from 0 to 3, wherein the sum of n and m is from 1 to 3; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula
MRC=00)R'mX3-(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;

cach R' is a monovalent C; to C;» hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

n is an integer from 0 to 3;

m is 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 one or more Lewis acid(s) is represented by the formula MX,;

wherein M is a Group 15 metal;



(mtn); wherein Mis a Group 15 netal, each ROis a nonovalent C, to C30
hydr ocar boxy radi cal independently selected fromthe group consisting of an
al koxy, aryloxy, arylal koxy, alkylaryloxy radicals; each R is a nonoval ent
C, to G e hydrocarbon radical independepyly selected fromthe group
consisting of an alkyl, aryl, arylalkyl, alkylaryl and cycloal kyl radicals;
nis an integer from0O to 4, mis an integer fromO to 4; y is 3, 4 or 5,
wherein the sumof n and mis less than y; and each X is a halogen; or the
one or nore Lewis acid(s) is represented by the formula

M RC=00) nR nXy- (, each; X whehaogenyand a G oup 15 netal; each RC=Q0 is a

nonoval ent C2 to C30,hydrocarbacyl oxy radi cal independently selected from
the group consi st?Ay>o Draﬁ %8l kacyl oxy, arylacyl oxy, aryl al kyl acyl oxy,

al kyl aryl acyl oxy radicals; 105 each R is a nonovalent C, to C 2

hydr ocar bon radi cal independently selected fromthe group consisting of an
al kyl, aryl, aryl thekpe ormayLawis acid{s)ds eape¢sentied Py theaivrmaladvRaXis an i nt eger

fromO to 4; mi%van.l esglqﬁrﬁlrggotto 4, y is 3, 4 or 5, wherein the sum
of nand mis Iesshfeﬁérh s e g c?he%is a hal ogen; or the one or nore

Lewi s acid(s) is emheRendenhbyovetinedt,eth 0 0MydrdoearBo® tadics10imdkSdndaglyof
titaniumtetrachloride, titaniumtetrabrom de, vanadium tetrachloride, tin
tetrachl oride, zi pelefiedifionttheagtonn conasting ohan ahybr 2 @aylalkyl, alkylaryl

and cycloalkyl radicals;
n is an integer from 0 to 4;
y is 3, 4 or 5, wherein n is less than y; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula M(RO),R',Xy.
(mtn);

wherein M is a Group 15 metal,

each RO is a monovalent C; to Cs hydrocarboxy radical independently
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy,
alkylaryloxy radicals;

each R' is a monovalent C; to Ci2 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 one or more Lewis acid(s) is represented by the formula
M(RC=00),R'mXy-(m+n)s

wherein M is a Group 15 metal;

each RC=00 is a monovalent C; to C;3¢ hydrocarbacyloxy radical
independently selected from the group consisting of an alkacyloxy,

arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals;



trichloride, titaniumdi brom de dichloride, vanadium brom de trichloride,
tin chloride trifluoride, benzyltitaniumtrichloride, dibenzyltitanium

di chl oride, benzyl zirconiumtrichloride, dibenzylzirconium dibrom de,
methyltitaniumtrichloride, dinethyltitgp umdifluoride, dinmethyltin

di chl ori de, phenylvanadiumtrichloride, methoxytitaniumtrichloride, n-

but oxytitaniumtrichloride, di(isopropoxy)titaniumdichloride,
phenoxytitaniumtribrom de, phenyl met hoxyzirconiumtrifluoride, nethyl

met hoxyti tani um di chl ori de, nethyl nethoxytin dichloride, benzyl

i sopropoxyvanadi urach ®lipra eenoeadedtoky te tGpihydrdeatboh| dicdle independently
benzoyl zirconiumtrj brom de, benzoyl oxytitapium¢trifl uoride,

i sopropoyl oxytin tSF]FEtES(&DFQDEIéI}e SEURyFonsisRg, OF en alicnlusmy i@ﬂ?ﬁ‘ﬁisc?élfylﬂéfhzyl
benzoyl oxyvanadi u iider raamadi um oxytrichl oride, alum num trichloride,
boron trifluori de,r&lgg#‘?iBﬂgﬁtrraggﬁ?’ori de, indiumtrifluoride, ethylalumnum
di chl ori de, net hylnakaminteger diooh ov #de, benzyl al um num dichl ori de,

i sobutyl galliumdichloride, diet htyl al um num chl oride, dinmethylal um num
chloride, ethylal &P&W@Sgh’gﬁ"erﬂ 8

r'rde, nethylal um num sesqui chl oride ,

trimethyl al um numy & 5i 2603 ] GhdtBinRum BB BRKMAL WIS Haydhedl ori de,
et hoxyal um num di ¢hl oride, 2,6-di-tert- butyl phenoxyal"um num di chl ori de,

met hoxy net hyl al ueaglu¥ighhalogemor 2, 6-di-tert-butyl phenoxy nethyl al um num
chloride, isopropoxygallium dichloride, phenoxy methylindiumfluoride,
acet oxyal um num di chl ori de, 106 benzoyl oxyal um num di br om de,

benzoyl oxygal | i umisl bhéiof nftie LERENNEId(sPELINAUYHdERA STEGE] Bohdthe group
i sopropoyl oxyi ndiumtrichloride, antinony hexachloride, antinony

hexaf | uoride, arsé&RnystiEnhf titgaium detraghloriden yitaniwm ofetrgbroptide, avanadiumie,
arseni ¢ trifluori ‘-’!&racmo%t BnH‘gt'Fa}%gl??fdh d?lrct%rnﬁl%plt&ra Ifdgﬁﬁ%,'r fli'tggﬁﬁ} bRRILE 1 de.

t et raphenyl anti nony chi-orrde, enyl anti nony
t et r achl or onet hox ydcklofidd) titardinedi bexide dichlopideavdnadimiy bromide trichloride,

A1 el or o R Oxy ar S i sride. tuonde,  SengyThtaniam thichloide,: dibongs litannur
dichloride, benzylzirconium trichloride, dibenzylzirconium dibromide,
methyltitanium trichloride, dimethyltitanium difluoride, dimethyltin
dichloride, phenylvanadium trichloride, methoxytitanium trichloride, n-
butoxytitanium trichloride, di(isopropoxy)titanium dichloride,
phenoxytitanium tribromide, phenylmethoxyzirconium trifluoride, methyl
methoxytitanium dichloride, methyl methoxytin dichloride, benzyl
isopropoxyvanadium dichloride, acetoxytitanium trichloride,
benzoylzirconium tribromide, benzoyloxytitanium trifluoride,
isopropoyloxytin trichloride, methyl acetoxytitanium dichloride, benzyl
benzoyloxyvanadium chloride, vanadium oxytrichloride, aluminum
trichloride, boron trifluoride, gallium trichloride, indium trifluoride,
ethylaluminum dichloride, methylaluminum dichloride, benzylaluminum
dichloride, isobutylgallium dichloride, diethylaluminum chloride,
dimethylaluminum chioride, 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,



acetatotetrachl oroanti nony, (benzoato) tetrachl oroantinony, and bi snuth
acetate chloride. 9. The process of any of clains 1 to 8, wherein the one or
nore Lewis acid(s) is independently selected fromthe group consisting of
alum num trichloride, alumnumtribr onl‘l ge et hyl al um num di chl ori de,

et hyl al um num sesqui chl ori de, diethylalum numchloride, nethylal um num

di chl oride, nethyl al um num sesqui chl oride, dinethylal um num chloride, boron
trifluoride, and titaniumtetrachloride. 10. The process of any of clains 1
to 9, wherein the one or nore initiator(s) conprise a hydrogen halide, a
car boxylic acid, bemybmyylhimnmidibﬂmailﬂejebemoylsmjrg‘aﬂnhﬁ difluctideanmethglohol , a
phenol, a polyneric halde, a tertlar al kyl a tertiary aral kyI

halide, a tertiargceipRipumiap, chigride, fﬁOHWO&IPéEYlRQIum deghlpride, P@I‘?‘?‘E’ry al kyl
ether, a tertiary e i al J,el8 a

al kyl aryl halide 8?*“3%‘1%‘9% yog% d&hh?lértlj&; dér tlc gﬂdgngrrldﬂol?dgﬂﬁ% tiator(s)
i s independent |y skloade egenfaflmoritiéie aggemic ptriflmoridé,s bisngtio ftrieldbridé2@enivet hanol |
(CH3) 3CCl, CoeHo(C( .20, (2: | oro-2,4,4-1trimethyl.pent ane

2- chl or o- 2- net hyl ﬁﬁ%‘i%éétrﬁfﬁloﬂ'ﬁg 5ﬁgapﬁ?nymlglqnp{i Plir‘léflg? (E}phFéylW ePendent | y
sel ected from t hegghQie, C@E@ﬁbﬁlbkdiﬂetﬂéxyﬁﬂ%@%en cﬁﬂie&fo‘x%chﬁ)\‘@'ﬂ’xﬁﬁ% brom de,
hydrogen iodide, acetic acid, propanoic acid, butanoic acid; clnnamc acid,
benzoic acid, 1- dichiroaetokyarsios.d hitiredimsthoapaesine, adifldorogtietitvxyamsineet i c
acid, trifluoroacetic ch or en20| uor o ol c..acid,
acetyl chloride, At#FYfe iﬁgbrog?tHHPWe tﬁﬁy‘? ﬂ]f’f)(%"hglonﬁ’e é\ mi or i de,
benzoyl brom de, a¢dtatelhrE@acetyl chl ori de trifluoroacetyl chloride,

p- fl uor obenzoyl chl ori de, methanesul fonic acid, trifluoronethanesul fonic
acid, trichloronethanesulfonic acid, p-toluenesulfonic acid,

h | f I I | f I
(r:nﬁlt O?PSZU '?rlalyf | uor oﬁecicgggn%fgé&fogﬁ@%i L?(r)]%llw ermr]nﬂ?o? uedI{lelé(gl}J fosr%‘n%3 ofludeony

met hanol , is independently selected from the group consisting of aluminum

trichloride,  aluminum  tribromide, ethylaluminum  dichloride,
ethylaluminum sesquichloride, diethylaluminum chloride,
methylaluminum dichloride, methylaluminum sesquichloride,

dimethylaluminum chloride, boron trifluoride, and titanium tetrachloride.

10.  The process of any of claims 1 to 9, wherein the one or more initiator(s)
comprise a hydrogen halide, a carboxylic acid, a carboxylic acid halide, a
sulfonic acid, an alcohol, a phenol, a polymeric halide, a tertiary alkyl
halide, a tertiary aralkyl halide, a tertiary alkyl ester, a tertiary aralkyl
ester, a tertiary alkyl ether, a tertiary aralkyl ether, an alkyl halide, an aryl
halide, an alkylaryl halide or an arylalkylacid halide; or

the one or more initiator(s) is independently selected from the group
consisting of HCl, H;O, methanol, (CH3);CCl, CsHsC(CH3)%Cl, (2-
Chloro-2,4,4-trimethylpentane) and 2-chloro-2-methylpropane; or

the one or more initiator(s) is independently selected from the group
consisting of hydrogen chloride, hydrogen bromide, hydrogen iodide,
acetic acid, propanoic acid, butanoic acid; cinnamic acid, benzoic acid, 1-
chloroacetic acid, dichloroacetic acid, trichloroacetic acid, trifluoroacetic

acid, p-chlorobenzoic acid, p-fluorobenzoic acid, acetyl chloride, acetyl



et hanol , propanol, 2-propanol, 2-nethyl propan-2-ol, cyclohexanol, benzyl
al cohol , phenol, 2-nethyl phenol, 2,6-dinethyl phenol, p-chlorophenol, p-
fl uorophenol, 2,3, 4,5, 6-pent afl uorophenol, and 2-hydroxynapht hal ene; or
one or nore initiator(s) is independentgﬁ sel ected fromthe group
consisting of 2-chloro-2,4,4-trinethyl pentane; 2-brono-2,4, 4-

tri met hyl pentane; 2-chl oro-2-nethyl propane; 2-brono-2-net hyl propane;
2-chl oro-2, 4, 4, 6, 6- pent anet hyl hept ane; 2-brono-2, 4, 4, 6, 6-

pent anet hyl hept ane; 1-chl oro- 1- net hyl et hyl benzene; 1- chl or oadamant ane;
1- chl or oet hyl benz &n@nide, 4inbam{ll- Cl’ﬂb@dld’,) |beﬁ§iyﬂ1y|cﬁloh&1b,) bawesvie gomide,
5-tert-butyl -1, 3-bis(1- chloro I-nethﬁ benzene; 2-acet oxy-

2,4, 4-trinethyl peﬁ’fl%m@roaﬁﬂtb]éhli’ﬁgﬁo@ Wfaawfxlﬁhl%@%yPM%@ZOM@’&%W-
2- met hyl pr opane; -2-me | prop G A 4,6,

pent anet hyl hept ane; %ﬂ%g%§%§ 2,4, %ﬂ% 6-peﬁ?§%%§ dh&%?ﬁér 1- acé?gky-
1- nethylethylbenzendﬂo&m&MﬂmmmyﬁﬂanamhaqgkmkmbﬁﬂﬁmyiaxMehhmhh&nmﬁmql

1, 4- bi s(1-acet oxy her ene; 5-te -bu - bi, s( et oxy-
1- met hyl et hyl ) beﬁg‘ ?%E 8 fﬁmﬂ%n%hﬁ?r %Fr?é“l onyl géw e)xy-

2,4,4-trinethyl pe@lﬂﬂﬁon%tﬁﬁﬁémx%lzcmﬁﬁw |$’Ed?\9ﬁi§§ulf(§l vD @AY X iedianol,

nethylpropane 2-met hoxy-2,4,4 pent ame tané; 2-1Sopropoxy-
2,4, 4, 6, 6- pent anetethanbk prepasol, Q-prepdmkﬂ—meﬂmmmbfmt-hyl twmlmhﬂanollbenzyl

t he

th d t th 4-bi s th t hyl et hyl
benzens: - ter - bASToE PRSR P TSRV RGP 2 ReRabhTY. PRbleseto gy ©
1,3,5-tris(1-chl orfﬁmkomﬁhayh@wscb)pe%ﬂa&eﬁhenm ana’hql)a&&@%ﬁuﬁile@w of clains

1 to 10, wherein the one or m)relnltlator( ) ~ further conprise a
weakl y- coor di nat i ke @nE oor. MO initigtor(Thes prdspesienty sa}wtedf fromathesgroup o 11,

wherein the reactor d the taly in |less than 30 n1mater
based upon the tot SPSIQ%éYf%ht f tl% Shtl%rg 433}9 @%’f@ﬁ{aﬁi{% ‘I# mB}Oo%’gg' of any

of clainms 1 to 11 riifeeiyBientdnbe M%QEZ-ﬁEﬂﬁlprﬂpddeatpblﬁ)ﬁio 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-
2,4,4-trimethylpentane; 2-benzoyloxy-2,4,4-trimethylpentane; 2-acetoxy-
2-methylpropane; 2-benzoyloxy-2-methylpropane; 2-acetoxy-2,4,4,6,6-
pentamethylheptane; 2-benzoyl-2,4,4,6,6-pentamethylheptane; 1-acetoxy-
1-methylethylbenzene; 1-aceotxyadamantane; 1-benzoyloxyethylbenzene;
1,4-bis(1-acetoxy-1-methylethyl) benzene; 5-tert-butyl-1,3-bis(1-acetoxy-
1-methylethyl) benzene; 2-methoxy-2,4,4-trimethylpentane; 2-isopropoxy-
2,4,4-trimethylpentane;  2-methoxy-2-methylpropane; 2-benzyloxy-2-
methylpropane; 2-methoxy-2,4,4,6,6-pentamethylheptane; 2-isopropoxy-
2,4,4,6,6-pentamethylheptane; 1-methoxy-1-methylethylbenzene; 1-
methoxyadamantane;  1-methoxyethylbenzene;  1,4-bis(1-methoxy-1-
methylethyl) benzene; 5-tert-butyl-1,3-bis(1-methoxy-1-methylethyl)
benzene, and 1,3,5-tris(1-chloro-1-methylethyl) benzene.

11.  The process of any of claims 1 to 10, wherein the one or more initiator(s)

further comprise a weakly-coordinating anion.



conprise greater than 30 ppm water (based upon weight). 14. The process of
any of clains 1 to 13, wherein the one or nore nononer(s) is independently
selected fromthe group consisting of olefins, alpha- olefins, disubstituted
ol efins, isoolefins, conjugated dienes,uﬁon- conj ugat ed di enes, styrenics,
substituted styrenics, and vinyl ethers. '15. The process of any of clains 1
to 14, conprising contacting (i) a C4 to C7 isononoolefin and a

par a-al kyl styrene, or (ii) a C4 to C6 isoolefin and a nultiolefin. 16. The
process of claim 14, wherein the one or nore nononer(s) is independently
sel ect ed fror2t he Tie pupeesoof amst ofgainfs Stoyt ke véhergimtlee reatthsy hist the eatalyst

par a- met hyl styrene, al pha-oefhyl styrene, diviny]benzene, .

di i sopr openy| benz &F4em 9B &F%ﬂ’éﬂgémﬂ’c W?/tFE’?{’-a 'éﬂ‘i’é‘,tﬁ@%t‘ﬁ?ghthfﬁlﬂﬁ ene,
2-met hyl - 2- pent engq|\3pRfspAE, butadi ene, 2, 3-dinmethyl -1, 3-but adi ene, 13-
pi nene, nyrcene, 6,6-dirfethyl-fulvene, hexadi ene, cycl opentadi ene, nethyl
cycl opent adi ene, piperylene, nethyl vinyl ether, ethyl vinyl ether, and

i sobutyl vin ether. 17. The praqcess of y of clainms 1 to 16,. wherein the
reactor is i ﬁhemﬁg‘grﬁr??ss gﬁf’%@t(’g&ﬁ‘f‘ql &t‘? ﬁg' ‘ﬁﬁ%ﬁ'ﬂ t@%ﬂ%“! PG IBIF‘a?r(ggnti nuous
flow stirred tank compfissé SleatePtHah B39 pphOWateL@aiddupodt wipptitng bel t or drum
reactor, a jet or nozzle reactor, a tubular reactor, a batch reactor, and

an autorefrigerated boiling- pool reactor. 109 18. The pol yneri zation
process of any of .¢lains 1 fto 17 .wherein,t di lyent has a dielectric
Bonstant gr edter. nshshe Suakoaiign h 13 PFefin i Shetiod ~uBREiGh: ©
greater than 20 atis i&RpendBdtly iRt BBy tHehgrodb edoSkiihE of WefirdNtalphas gr eat er
than 25 at -85C, particularly the dielectric constant 1s greater than 40 at

-85C. 19. The pol piafinsz adisubstisited e lefiss, dsgolefinse| spmneated 5digneg wen1g, the
dituent conprisi ng,ABAAY bichbd, Uyréifed DibsBRFedViyraRES aBY Ui bthg0car bon(s)

15.  The process of any of claims 1 to 14, comprising contacting (i) a C4 to C;
isomonoolefin and a para-alkylstyrene, or (ii) a C4 to Cg isoolefin and a

multiolefin.

16.  The process of claim 14, wherein the one or more monomer(s) is
independently selected from the group consisting of styrene, para-
alkylstyrene, para-methylstyrene, alpha-methyl styrene, divinylbenzene,
diisopropenylbenzene, isobutylene, 2-methyl-1-butene, 3-methyl-1-butene,
2-methyl-2-pentene, isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, B3-
pinene, myrcene, 6,6-dimethyl-fulvene, hexadiene, cyclopentadiene,
methyl cyclopentadiene, piperylene, methyl vinyl ether, ethyl vinyl ether,
and isobutyl vinyl ether.

17. The process of any of claims 1 to 16, wherein the reactor is independently
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 batch reactor, and an autorefrigerated boiling-

pool reactor.



i ndependently selected fromthe group consisting of difluoronethane, 1, 1-

di fl uoroethane, and 1,1,1, 2-tetrafl uoroethane. 20. The process of claim19
wherein the diluent further conprises a non- reactive olefin, one or nore

ot her hydrocarbons, and/or an inert gasygg2l. The pol ymerization process of
any of clainms 1 to 20, the process conprising the steps of: reacting the
one or nore nononer(s) in the presence of one or nore Lewis acid(s), one or
nore initiator(s), and a diluent conprising one or nore

hydr of | uor ocar bon(s) (HFC s); and w thdrawi ng the polymer fromthe reactor.
22. The pol yhBri zdhe @nlmemizeéem plfoceﬂsyofcaﬁly@tf glamss 1 tod 72 hereie ther dilvests

Cenctort | (b) adi R BRI erBenLeaeE B D) a o ReaRoROPL AR or ()

(c) introduci ng acgnstend r@ﬂer]pmaﬁmgt RIEC QhordPréfeaBB A UtRcRiAENSALS)
(HFC s); and (d) vmthdravvln a pol ymer fromthe reactor. 23. The

pol yneri zati on pr @c@@@tebﬁh@l &1 m 850¢, paficarly: the digleptricocopetantisngreaser
particles of pol Y oEh @rq_gagynerl zed using a catalyst systemand a dil uent
conpri sing one or nore any r of l uorocarbon(s) (HFC s). 110 24. The

pol ymeri zati on process of claiml or any of clainms 2 to 20 in which
particles of polyner are nmerized in a slurry using car bocationic
catal yst syst gm afde el’obinlleégﬁ OI&BFﬁ‘iWSs‘i’fnﬁlYo?feCl@Fnsnbr%or Wﬁ & theodibery bon( s)

(RECS): 25- The BohMRRZAERSY B10AGSSA! ofd eMrlord” holnRlroE @b 2 Lo 18

or 19 to 20 in wh ynmer are pol yner sing a ‘catal yst
systemand a dil umiepcndehﬂy delbaledlfrohlanhb gepup winsibiteg of diflooratetiinegl,bat er t han

18.50 at - 85C, preferably the dielectrjc copnstant is greater than 19.00 at
-85C, P et{uoroetha};le and 1 i? -tetr uoroethane. g

20.  The process of claim 19 wherein the diluent further comprises a non-

reactive olefin, one or more other hydrocarbons, and/or an inert gas.

21.  The polymerization process of any of claims 1 to 20, the process
comprising the steps of:
reacting the one or more monomer(s) in the presence of one or more Lewis
acid(s), one or more initiator(s), and a diluent comprising one or more
hydrofluorocarbon(s) (HFC's); and

withdrawing the polymer from the reactor.

22.  The polymerization process of any of claims 1 to 20, the process
comprising the steps of:
(a) introducing one or more monomer(s) into a reactor;
(b)  adding one or more Lewis acid(s) and one or more initiator(s);
(c) introducing a diluent comprising one or more hydrofluorocarbon(s)
(HFC's); and
(d) withdrawing a polymer from the reactor.

23.  The polymerization process of claim 1 or any of claims 2 to 20 in which
particles of polymer are polymerized using a catalyst system and a diluent

comprising one or more hydrofluorocarbon(s) (HFC's).



nore preferably dielectric constant is greater than 20.00 at -85C,
particularly dielectric constant is greater than 25.00 at -85C, nore
particularly the dielectric constant is greater than 30.00 at -85C, and
specifically the dielectric constant iggreater than 35.00 at -85C, and even
nore specifically the dielectric constant is greater than 40.00 at -85C. 26.
The process of claim 25, wherein the diluent is independently selected from
the group consisting of at |east one of a hydrofluorocarbon or a blend of a
hydr of | uor ocarbon_and net hyl chloride. 27. A polynerization nmedium suitable
to pol ynmeri zé4one Toe pebmeerizationrarocess ofichaimol gy anpef glaims 21ta20nmhigdy i zat i on

di Y : . - e | q
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one or nore nononestalykt dybtemonendr aor dilhediti Scanpikisg , éee @me aordoOr e

initiator(s), the dilyent, and he one or nore hydrofluorocarbon(s) are
defined as in anyh¥gro P&F%%r%ﬂnﬁsb&*%?‘)-% or 26.

25.  The polymerization process of claim 1 or any of claims 2 to 18 or 19 to 20
in which particles of polymer are polymerized using a catalyst system and
a diluent, the diluent having a dielectric constant greater than 18.50 at -
85°C, preferably the dielectric constant is greater than 19.00 at -85°C,
more preferably dielectric constant is greater than 20.00 at -85°C,
particularly dielectric constant is greater than 25.00 at -85°C, more
particularly the dielectric constant is greater than 30.00 at -85°C, and
specifically the dielectric constant is greater than 35.00 at -85°C, and even

more specifically the dielectric constant is greater than 40.00 at -85°C.

26.  The process of claim 25, wherein the diluent is independently selected
from the group consisting of at least one of a hydrofluorocarbon or a blend

of a hydrofluorocarbon and methyl chloride.

27. 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), wherein the one or more monomer(s),
the one or more Lewis acid(s), the one or more initiator(s), the diluent, and
the one or more hydrofluorocarbon(s) are defined as in any of claims 1 to

20, 25 or 26.





