WO 2004/ 058829 PCT/ US2003/ 040858 1 Pol yneri zati on Processes CROSS
REFERENCE TO RELATED APPLI CATI ONS [0001] This application clains the benefit
of Provisional Application Nos. 60/435,061, filed Decenber 20, 2002,

60/ 464, 187wd Job&tsspri| 21, 2003, and 60/479, 081, flleptﬂfgmoﬁozosngOB t he
di scl osures of which are incorporated by reference. FIELD OF | NVENTI ON
[0002] The invention relates to new pol ynmerization processes to produce

pol yners utilizing bayonette cool ed reactor systens and dil uents i ncl udi ng
hydr of | uor ocar bons. BACKGROUND [0003] Isoolefin polyners are prepared in

carbocationic polynerization pm@m&gﬁoﬁr&gﬁ@; al inportance is butyl
rubber which is a copolyner of isobutylene wth a small anount of isoprene.

Butyl rubber.is made by |ow tenperature cationic polynmnerization that
general ly req i I idy of >99.5 wt % and the
i soprene have%aﬁgisr Wﬁﬁ@ﬁ%@ﬁ:@ﬁ@‘wﬁ nol ecul ar wei ght butyl
rubber. [0004] The carbocationic polynerization of isobutylene and its
copolyrrerlzatlo W|thc ononers |like isopre s mechani stical |y conpl ex.
See, e.g., P?PhCSPWEBItgq %’{l P’N?)tjr Frpwsiqnal {ip Pi?ﬁiﬂﬂ’ Nos.

Prenti ce- Ha' ! ,60/4%9661 1@1%5 D@aﬂﬁb@e’v@@dzdéb' kbmea N fh%a ,«%nll?fﬂzoo@”%%

Mat yj aszewski , Cationi ¢ Polynerizations, Marcel kker,” I'nc New Yor k,
1996. The cat éﬂ%? Osby@?é#un%l?,yﬁoéatheydlmp@seﬁ which ee mnmow@thlsv an
initiator and @freﬁ"@ s acid. Exanples of Lewis acids include Al C13 and BF3.

Exanpl es of i Artiators include Bronsted acids such as HOJ, RCOCH (wherein R
is an al kyl group), and H2O. WO 2004/ 058829 PCT/ US2003/ 040858 2

FIELD OF INVENTION

[0002] The invention relates to new polymerization processes to produce
polymers utilizing bayonette cooled reactor systems and diluents including

hydrofluorocarbons.
BACKGROUND

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

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

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



During the polynerization process, in what is generally referred to as the
initiation step, isobutylene reacts with the Lewis acid/initiator pair to
produce a carbenium ion. Follow ng, additional nonomer units add to the
formed carweosssa® in what is generally called the pseRacesisasksst ep.
These steps typically take place in a diluent or solvent. Tenperature,
diluent polarity, and counterions affect the chenmistry of propagation. O
these, the diluent is typically considered inportant. [0005] I|ndustry has
general |y accepted vvi despread use of a slurry polynerization process (to

produce butyl E poRHelizaRA Y& & wik G gendrally Rferrdd tb 'd?ﬂfe iR

chloride. Typically, the polynerlzatlon process extensively uses nethyl

chloride at | m,ﬂ%ﬂw@l@@ agasts, wigle therLewis/adidfinitiataringir togogiuces Gﬁllbemuml uent for
the reaction I reasons,
I ncl udi ng tha w&‘%\m%bégéh 'fi% rﬁr%dr?g%elrugmemg Q@?ﬁffﬁlﬁﬁrﬁdg a?'l%rni e ltnal yst but
not the pol ywhans)gmdmbly calldel thy prophdation step. aT]ssscbtapsisrpichh}btake ﬁla&amang and

of 1 oct 1 ve. sopaiusbt of SRy TRBPa At AT Frtd doBRMS SToor G <l urry

pol yneri zat i OBhdMiftEesTpropagatital OF th&sb) (¢ &dﬁnﬂfsiﬁi@lﬁ\ cOANIRESd iRipoAdsli ti onal
advantages in that a polyner concentration of approxi mately 26% to 37% by

volune in the reaction m xture can be achieved, as opposed to the
concentration nly 8 u yoher {i

accept abl e re @Pl eI y ﬁgw Vi sg%sts %iy {Lﬁce%@d a8 l%ggtl?%nbﬁgass obt ai ned
enabl i ng t he pelgmerdatipn|pyoness Ztatproducbcbdb_sd rubmmpeig;hsnbuglemé feba) m/&icy by
surface heat ch nge. l.zat i on ocesses in neth chl ori de
are used in t ?5%@’@ Slbl %‘%’ ﬁ ﬁﬁﬁblﬂ’é"&ﬂlw W@ﬁ%?mcﬁséleg’f@%ﬂy Ene and

i sobutyl ene- I&@ﬂﬁﬁmormetaylowtéhﬁﬂfauﬂ@ géﬂafaﬂy 1dskdsaNinS ©0°@ @k WeRtilhédFdrons  of.

| sobutyl ene and para- et hyl saﬁ(ﬂ@ene are al so conducted using nethyl
chloride. Sinthearchstionsmigture aMethetl chiorige iy embleyed dorap swripoefusaspnsisi ng

met hyl chl ori P r f qmggr SOCI at ed
with the pol g%%urdlin%qﬁf?‘c}tnmg%ﬁ‘yrfgtthengﬁﬁ%rgfg%gm or efanpflgg%ké%ﬁteﬁ ency of

t he pol yner ﬂmrﬁolymieeprddnctt Methyd ablocide also kayghitabie fréezing danll bediap pointser and to
collect on th? r

rmltt respectlvely, low temperature polymerization and effective separation
from the polymer and unreacted monomers. The slurry polymerization process in
methyl chloride offers a number of additional advantages in that a polymer
concentration of approximately 26% to 37% by volume in the reaction mixture
can be achieved, as opposed to the concentration of only about 8% to 12% in
solution polymerization. An acceptable relatively low viscosity of the
polymerization mass is obtained enabling the heat of polymerization to be
removed more effectively by surface heat exchange. Slurry polymerization
processes 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
methy! 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 trgnsfer surfaces, impeller(s), and the agitator(s)/pump(s). The rate of



wal |, heat transfer surfaces, inpeller(s), and the agitator(s)/punp(s). The
rate of WO 2004/ 058829 PCT/ US2003/ 040558 3 aggl oneration increases rapidly
as reaction tenperature rises. Agglonerated particles tend to adhere to and
grow and plyalggdgs®n all surfaces they contact, such g@sry@sgiossssli scharge
lines, as well as any heat transfer equipnment being used to renove the

exot herm ¢ heat of polynerization, whi cgn Is critical since |low tenperature
reaction conditions nust be maintained. [0007] The conmercial reactors
typically used to nmake these rubbers are well m xed vessels of greater than
10 to 30 lite ' u | | We | r p | y a punp

I mpel | er. Theé%(l)qn%/br%@fl Zféﬁ%‘éﬁ& gﬁ@dghgyﬁﬁcn%&ﬁgﬁﬁe%gﬁeﬁg e %g%@ﬂgﬁﬁﬁ I n order
to keep the sparticles teod do adlizee toeasd grow syvispleteront el alltsorfadeatbeyt bmntahi | ity to
renove the heat. An exanpl.e of. such _a.continuqus flow stirred tank reactor
("CFSTR') is TShANTIR °T\J‘.%E°.hafg§tlg’ﬁf’ aRgvellas ppy fﬁ@%g{a“ﬁfjﬁc‘iﬂ?ﬁ’&‘e&} E‘E}H%ﬁsegr ef er ence,
her ei nafter refRMRE the ekdth@Rie hedt FSplymérfAG6M whithi is Ritisdl shRaabRr”. In
these reactors, slurry is circul ated thro.u%m t ubes of a heat exchanger by a
punp, whil e BIPERARES Baimncardibionspest bearintainede provi des cooling, the slurry
tenperature being determ ned by the boiling ethylene tenperature, the
required heat flux and the overall resistance to heat transfer. On the
slurry side, [0087heat chelvamgercialseadiers dimllygseko makeythasecubbdrase pol yner,

i nhi biting heat,transfer I C ul d t.0o _cause .the sl urry fenperature
to rise. This™of U ‘ﬁeFﬁelsso\fhﬂ?ggbﬁetlﬁé%%(?gﬁeﬁrlpyo%ﬁ@g’hﬁé|° ?%H?t‘r?ﬁt can be
used in nost fa@AgioRided iyom Ring @mpelley.ol THee polymetiation CantlOthe tfigng Bbtl Vol une
of the slurry, diluent, and upnreacted nononmers. The subject of _polyner

accumul ati on SESTRehst apdi il erdey 19 keepdbhe sty $alde therepatigaisysismpessls tpat ent  No.
2,534, 698, U. Ryve i @ity Woreniwe 42 a0 Afbxamphdfaith AontraubtHiAPdiregHoVVET

t hese patents have unsatisfactorily addressed thed%” ad of probl ens

associ ated  wiank reastoy (ECFSIR) iscfound day UoSreRatant dle- S 7.9 ispasperied by desi red
comercial  PLOCERS. ndrQRARY retebrd PR B Rnbal oY R0 27 "Bty RARPY 15209213 O

di scl ose,

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

the circulation of cooling media.



inter alia, devices and slurry polynerization processes using diluents, when
stated, such as nethyl chloride, including reactors having tube bundl es used
for the circulation of cooling nedia. WD 2004/ 058829 PCT/ US2003/ 040858 4
[0009] U. SyoRfdsagsadlo- 2,534,698 discloses, inter alia,p@pabosimissgati on
process conprising the steps I n conbi nation of dispersing a m xture of

| sobutyl ene and a polyolefin having 4 tq 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 10 pa ffl [ S d Eﬁn&?ﬁa ving from
one to five chroggﬁ atorrfxzsi%r gg’%ntg Pe%g?yéﬁddﬁﬂbﬁga{n?eau?% Q(tiﬁt he pol yneri zati on
t enper at ur e apobcgss! ymmpmsmmghe td@sdmpembnﬂhm mfudspmmg s:obanalrenﬁ and

| yol efin h f
Pemmer at ur e BepudieRt 2ub 8 rolificrR il 14 SHBPF albis R el dieg o
Fri edel - Cr af t sodyabPa ﬂ&bnnd‘lﬁﬂb@ﬁtﬁﬂéd ahﬁ&ﬁc th9aRBabon baitathing matériadRlithout

fl uorocarbons would result in _a biphasic systemw th the nononer, conononer

and catal yst B&skgtial seliian thegsip.yin thespsppastien phitpmeonebalf paet 49 bORaRHRS ng t hei r
use difficul fguaned 4 m&&afam | nuoadxfog ﬂ%mr%ﬁﬁ’&t&ﬁtm% b?ﬂ%to‘hﬂi

di scloses, inter alia, a con atiron process for t

prepar ati on operanalopdtwlmhlsﬂlnmdat ﬁps)obmqmzatmmgmpuatm andcpedyryerirg vering to

| t f f
oL T o AR USTEREL BB PRl b P AR BRREEMN O 1 om
1/ 2 vol une t oatbths\wet thisksulefat %ﬁﬁpﬂahﬁlmmahl-loﬂodﬂ 1649@|c113rl &Bapplﬁnmgl t he

m xt ure of |sobutylene IS t he _continuous additjion to reaction
m xture of a FIEEHIP @ ditie rf-f @ﬁ"-" us 9W5Ye§°paﬁ%§dteﬁa1e§ 7 il?:?tls'b‘ﬁﬁ Sat al yst

consi sting of gRGloefbbds \%ﬁl&’ rrés@h% ih B b'ﬁSHakiE C?ﬁerh%ﬂ‘f e rhéiRaRr, dobdonarmede.

mai ntai ning the tenperature between - and -1030C t hroughout the entire
copol yner i zat purh catalyst being SUbStantldUl/&ﬂﬁ(dddhels thenhBuereearbin mekiag their pseuori de and
its conpl exe&fﬁ&ufﬂﬁlﬁﬁé’ﬂsfac%ﬂ.d catal yst and 1, 1-difl uoroethane as a

preferred

[0010] U.S. Patent No. 2,548,415 discloses, inter alia, a continuous
polymerization process for the preparation of a copolymer, the steps comprising
continuously delivering to a polymerization reactors a stream consisting of a
major proportion of isobutylene and a minor proportion isoprene; diluting the
mixture with from 1/2 volume to 10 volumes of ethylidene difluoride;
copolymerizing the mixture of isobutylene isoprene by the continuous addition to
the reaction mixture of a liquid stream of previously prepared polymerization

catalyst consisting of boron trifluoride in solution in ethylidene difluoride,

maintaining the temperature between -40°C and -103°C throughout the entire
copolymerization reaction . . . . '415 teaches the use of boron trifluoride and its
complexes as the Lewis 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.



conbi nati on. This conbi nation provides a systemin which the catal yst,
nononmer and conononer are all soluble and yet still affords a high degree
of polymer insolubility to capture the benefits of reduced reactor fouling.

However, b Lol uoride is not a preferred conmerci for butyl
pol ymer s fg‘wgbﬂ‘\‘/ggrs?igty of reasons. WD 2004/058829 PCT/ %EE%%%@%%%%S% 5

[0011] U.S. Patent No. 2,644, 809 teache%, inter alia, a polynerization
process conprising the steps in conbinat’ion of m xing together a major
proportion of a nonoolefin having 4 to 8, inclusive, carbon atons per

mol ecul e, w m nor r{hon ol efin having,from4 to 14,

I ncl usi ve, ca&@olg] at on%I %&%‘{’%ﬁ%&%ﬂﬁgﬂg{e& ef/’njé’ﬁr r}ﬁ'g 3 W%lzﬂ??q ng

m xt ure YM th pradess o&)mgﬁhing:rﬂ;edﬁhéps Gnahgmbiiﬁa?cai y))ft m]g:iiﬁg lttb@ﬂwi-des &fiﬁj@r OL ]1: rom1l
to 10 vol unes (conput upon e mxed olefins) of a liquid selecte rom
t he group con?§°§9?’-ﬁ’§ ‘3@ mﬂ?%é?r%i“ﬁl%@r%ﬁ%‘ihﬁ%% cathpr glogs ek folgsule

tr i chl or omonofylimof ﬁ%idﬂﬁs?@portidﬂ Gﬂ"é Hfuﬁiﬁ%fﬁa"&ﬁfg@ﬁia@nﬁ 14, inclysive, carbon
di chl orot etrafl uor et hane,” and m xtures thereocf, the nbnoolefin and

nul tiol efin beloms pirspolecwel ind pelywteridiegthe, regwiting anixtpire) gvithue disselved

pol ynmeri zati or. .at :: ure, b nghthe freezi oi nt of the
Pt a. 500 ArEis-SrE AR HeRelet S8 B0 limbl €SB AR 17 ng

i deal slurry tiehatiaed esliefhd)cof andliquidi selectedg fronacther gfoupl icompistibgit of eaches

t he incorporat,j of ., diolefin (i.g. isoprene) by the addition of

chl or of | uoroc;g’r"ggﬁﬁ‘%‘{"f(l‘éﬂf F’&@e@: S éillcé‘lo_r?\lﬁ € o biIIRBORRIBoERStecheni cal s.
Cover nnent al  Ie@ldréthbMRorANELE ichlokdtRifhuyrefant," M nlikigredBifistestC ke € and
distribution of CFC s nmaking these materials wunattractive for commerci al

oper ation. [ O®wmpolafiniand sralielefin Peing dissolvedain wid ey, argy carryingjout thg gh
Mol ecul ar - Wi lz-g|8 n s :E {@Qﬁl ol SQDULYI
Conj ugat ed Di (gg@su,en ?41!)1.H %u%%r (rabr% ca %g%rs%ﬁoﬂg%/,mﬁ P?@gg?%dl scl oses,
inter alia, tHhiguidat808niisclosed the nijlityof yiteroflpabrarhomfat omjdiying idealodlurtys obut yl ene
with isoprene fbut s BRP inindAle Wattdr FHImPEN BHHE G MetEBHANT of

diolefin (i.e. isoprene) by the addition of chlorofluorocarbons (CFC). CFC's are

known to be ozone-depleting chemicals. Governmental regulations, however,

tightly controls the manufacture and distribution of CFC's making these materials

. unattractive for commercial operation.

[0012] Additionally, Thaler, W.A,, Buckley, Sr., D.J., High Molecular-
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.

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



[ 0013] Therefore, finding alternative diluents or blends of diluents to
create new polynerization systens that would reduce particle aggl oneration
and/ or reduce the anount of chlorinated hydrocarbons such as nethyl chloride

is desi raW& §553§5 one€w pol ynerization systems woul d reggefspasbdosdse

aggl oner ati on reactor fouling without having to conpronise process
paraneters, conditions, or conponents apd/ or without sacrificing

producti vi ty/throughput and/or the ability to produce high nol ecul ar wei ght
pol ymers. WO 2004/ 058829 PCT/ US2003/ 040858 6 [0014] Hydrofl uorocarbons

(AFC s) are CURIAR S Bttt SroabbbRIRC SR e UMl BRTRALAI Nech™ TNy

refri ger ants ca se the ave a very even zero ozone etl on
potential . Thedsfenviotneentile ﬁanilﬁt‘dfﬁ)gbmmlm@hﬁsalthdyéaatrheurghftlowc(em zefogl ated to

the lack of chlori The HFC caII have | ow f | bility
particul arly a%Z"E"()R‘ifA‘?tQB 3063‘1‘?9@ iﬁ 3?1(5‘3 R} Petsrta is, m@’é ? BSns.
[0015] C her %ﬁ&artsmaﬁlet)%ﬁﬁﬁﬁé TH&?HF@% al/s\@ %‘:ﬁf’ﬂ%etlb@tﬂaﬁlﬁ&hﬂfes a

free radi cal polynerization process using or ocar bons

background r efastcukiely gs coropared toydigwerbens mérhlArmml wirogelgms. WO 00/ 04061,
U S Patent No. 5,624,878, U S. Patent No. 5,527,870, and U.S. Patent No.
3,470, 143. SUMVARY OF THE | NVENTI ON [ 0016] The i nventi on relates to new

pol ymeri zat i onj0p1S)cesseDther bacigaound reforehsesiriciudetWOi 02/343 90 thaddiedldses aool ed

slurry reactor_s nd dil uents hydr of | oro ar.bons.,

ar i Ll ot e RS o bttt fab by gebiceaitons, bikie borker

conpri sing CoNjefgdncdtinélife PE 1006 m']ﬂQTWO(OQ)OQG%APaW@'W%ﬁﬁB%erﬁnd a
di l uent conprising one or nore hydrofl uorocar bon s) (HFC s) in a reactor

conpri sing a b¥gHfEH8I8, U SoRatpntiNp. 5:3¢7.870, andUehBaenthie3s4@dd3ri bed in this

section, the process may be a slurry polynerization process and the reactor
may be a tubular reactor. [0018] In any of the enbodi nents described in
this section, $UMMARYtQF THEEYVENTION conprise a vertical cylindrical
housi ng, an upper part, and a | ower

[0016] The invention relates to new polymerization processes to produce

polymers utilizing bayonette cooled slurry reactor systems and diluents

comprising hydrofluorocarbons. In particular, the invention provides for a process

to produce polymers coroprising contacting one or more monomer(s), a catalyst

system, and a diluent comprising one or more hydrofluorocarbon(s) (HFC's) in a

reactor comprising a bayonette.

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

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

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

[0019] In any of the embodiments described in this section, the reactor
may further comprise connecting pipes for delivery of the catalyst system in the
lower part, and connecting pipes for the removal of the polymer in the upper part.



part. [0019] In any of the enbodi ments described in this section, the
reactor nmay further conprise connecting pipes for delivery of the catalyst
systemin the |lower part, and connecting pipes for the renoval of the

pol ymer in odRReb part. WO 2004/ 058829 PCT/ US2003/ 04p8hEs2003/0408380] | n any
of the enbodinents described in this section, the reactor may further
conprise a shaft with blade m xers nountged along the height of the shaft.
[0021] In any of the enbodiments described in this section, the bayonette
may conprise a plurality of tubes. [0022] I'n the previous enbodi nent, the
tubes may comizhf SECt Bfshy of ieEaRodinnfes@ibed BANRBAHNRR ScReSCr i bed in
this section, the bayonetté nay conprise tube disks and tube baffles.
[0024] In the my@n@@o@nﬁmm%wi&m@lemm memted slong thedwight ofthe spaces

bet ween the s ﬁ%@rs. [0025] In any of the previous enbodi nents, when
present, the tubé baffles nmay conprise holes. [0026] In the previous
enbodi nents, the reactor nay conprise a catalyst systemdelivery tube
conprising an end, the apen end. | ocafed.,.in.the space. between the tube
baf fl es, when [ﬁ&gient. Wﬂ? eﬁ’?eq?g‘%ﬁe% WgﬁisF?@}ﬂ“szE@YQ?ﬁ@ﬁ end of
the catal yst s¥5{fprised pMeilivy dftligesi s angled in a downward direction toward
a mxer. [0028] In any of the enbodi nents described in this section, the
reactor nmay conprise one or nore catal yst systemdelivery tube(s)

conpri sing OP§hoR dsdo in\?\tlgggllevioﬂsta BodlhEN! ﬁgglbggqrﬁnggg‘?;ﬁ%sgggﬁeast one open

end is angled'in wn direction tohar 1 058829
PCT/ US2003/ 040858 8
[0023] In any of the embodiments described in this section, the bayonette

may comprise tube disks and tube baffles.

[0024] In the previous embodiment, the tube baffles may comprise spaces

between the sectors.

[0025] In any of the previous embodiments, when present, the tube baffles
may comprise holes.
[0026] In the previous embodiments, the reactor may comprise a catalyst

system delivery tube comprising an open end, the open end located in the space

between the tube baffles, when present.

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

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

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

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

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

downward direction toward a mixer.



[0030] In any of the enbodinents described in this section, the reactor may
conprises a m xer |located adjacent to a tube baffle. [0031] In any of the
enbodi ments described in this section, the one or nore nononer(s) nay
conprise agqse@lsshbn, preferably isobutylene, and a npdadrir@loffidaibss
preferably a conjugated diene, nore preferably isoprene. [00321 In any of

t he enbodi nents described in this sectign, the one or nore nononer(s) nmay
conprise an isoolefin, preferably isobutylene, and an al kyl styrene,
preferably nmethyl styrene, nore preferablypara-nmethylstyrene. [00331 In

anot her aspecioy tNe | YR b 8l enhnied BBR0 1 hRLEROh SnreaBlBt Y TE1 | 2811 O
process conpr S|n cont nore Lewi s acids
and one or nonmywampnahemamuﬂmmhﬂaﬂmaaﬁﬂtwubébﬂﬂdjIuent conprising one or
nore hydrof |l uorocarbons (EEC s) in a reactor under polynerization
conditions. [00341 In another, enbodinment, this invention relates to a
process to plodyfe pO'M”ﬁy%%e%ﬂﬁeﬁ&)dé&é}m%ﬁ'lﬁ'tﬂﬁ seQUnelid B of N @
reactor, the nononer(s) and a Lewis acid in the presence of a

hydr of | uor ocamwn RONOMEKS), mamm@nmnsetanelsem prefegatily isphutydenco @pd nd
represented by, e. Xi s a hal ogen.

[ 00351 In one erﬁ %ﬂﬂﬁ@eml%%%ﬁa%%%eg?g{? écljaglygg rrerl zation nedium
suitable to polynerize one or nore nononer(s) to forn1a pol ymer, the

olynerizatio ium ¢ r epr nore Lew, cid one or nore
Pni %/i at Iof( sl) ﬂgﬁgfi;udi |ﬁe"$n ! ‘?o‘#greflgﬁ" e‘i“tﬁ?ﬂL‘?‘FK‘g ‘ﬁvlcﬁﬁé‘fsgnué‘?eoenﬁ Bon(s)
(HFC s).  (00gRke hibneﬂféi(ﬁﬁ{nagfﬂaﬁﬂahaaﬂ@h 1sédl'ﬁid e&rBiabRNisEhaylefe Sand an
a

pol ymeri zati on_ npedi um sui |l e to polymerize one or nore nononer(s) to form
a pol yner, thélkywwrp%abﬂmethﬁl@mdwsﬁ@?rﬁ@ym@-@ﬁ%%e@ew s aci d(s)
and a diluent conprising one or nore hydrofluorocarbon(s) (HFC); wherein
the one or nore WO 20041058829 PCTI US20031040858 9 Lewis acid(s) is not a
conpound repr ¢33} ed bylnf enather aasi(3, ofivther imvantion, shegimwgption relates to a

polymerization process comprising contacting one or more monomers, one or

more Lewis acids and one or more initiators in the presence of a diluent
comprising one or more hydrofluorocarbons (HFC's) in a reactor under

polymerization conditions.

[0034] 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 MX;, where M

is a group 13 metal, X is a halogen.

[0035] In one embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s), one or more

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

[0036] In another embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s) and a diluent

comprising one or more hydrofluorocarbon(s) (HFC); wherein the one or more



13 netal and Xis a hal ogen. [0037] In preferred enbodi nents, the

pol yneri zati on processes and nedia as described in any of the enbodi nents
above produce polyners that include (poly)isobutylene honopol yners,
isobutylegﬁ-i@% %§ e (butyl rubber) copolyners, i sobutpdraRgiedashsss

al kyl styr Q2 ﬁ mers, and star-branched butyl rubber terpolyners. [00381
Bayonette cool ed slurry reactor systens,may be use in conbination in any of
the af orenenti oned enbodi ments. DRAWNGS 100391 Figure 1 is a graph of the
rel ati onship between dielectric constant and tenperature. 10040] Figure 2

is a draw ng .di, | ’ﬁ'ﬁﬁ ] j I i on of
hydr of | uoroca]? %ﬁh‘%l?\@)r}fétnﬁﬁé% or#%@?éf%'04%ﬁ)#g%r% %%F%gﬁ’% peak
mol ecul ar wei Bwnetand X srashadogennonmer  conversi on of certain inventive
pol yners as descri bed herein. [00421 Figure 4 is an enbodi nent of a
bayonette cooled slurry reactor system [0043] Figure 5 is another

enbodi ment  of [pa31}ay onetrh prefafddaghtoliicnis, the GABingdrizadH otesidd Add helfiagure 6 is

yet anot her enbodi rent, of a bayonette cooled slurry Treactaor system WO
2004/ 058829 FSTHasIshsd sinoanysefgthe mbodiments ghoye meoduce polymess thab ickidecr oss

section of t 2ty o] I i e if 4 Lgur IS rizontal
Cross secti onhﬁ’gif’ﬁa b r%gfeg W‘#@B@?% oﬁseb%%lgg? %p%ggon tutﬂgrsr%]b(%&n in
Figure 6 and ¢ipglymers; isdbEfylineERdDEGORYER¢ Chpqlpdd?] and siapbmnehed dhutylc
enbodi nent s, vggsi ons, and exanpl es of the

rubber terpolymers.

[0038] Bayonette cooled slurry reactor systems may be use in combination

in any of the aforementioned embodiments.

DRAWINGS

L]

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

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

volume fraction of hydrofluorocarbon in methyl chloride.

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

conversion of certain inventive polymers as described herein.

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

[0043} Figure 5 is another embodiment of a bayonette cooled slurry
reactor system.

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

reactor system.



invention will now be described, including preferred enbodi nrents and
definitions that are adopted herein for purposes of understanding the

cI ai med i nventi on. For determining infringenent, the scope of the

“inventi ongoMohdeskgher to any one or nore of the appengegh; ({Iﬁss i ncl udi ng
t heir equi va ents and elements or limtations that are equ nt to those
that are recited. [0048] For purposes of this invention and the clains
thereto the term catalyst systemrefers to and includes any Lewi s acid(s)
or other metal conplex(es) (described herein) used to catalyze the

pol yneri zatio t he e as at

| east one in| %lo O#Emeﬁlgna éb?%ﬁ? hl%sgeﬁ‘lﬁ%o?ﬂﬂg%g{xbp‘fmoconpo nt(s).
[0049] In one6errbod| ment , the i nvention provides a polynerization nedium
suitable to polynerize one or nore nononer(s) to forma polyner, the

pol ynmeri zati on medi um conprising one or nore Lewis acid(s), one or nore
initiator(s), [oead] a di | Eighie 8- ANotiSdn cRREseREoNTB £bindll &Xf thibidld#eaé BON( S)
(FIFC s). Optl onal | t polg/nerl zation nedi um nmay include one or nore
nonorer (s). Hedspgne wsah@mm igyrp §@ndBigvre & he i nvention provides a

pol ymeri zation nediumsuitable to polynerize one or nore nononer(s) to form
a polyner, the polynerization nedium conprising one or nore Lew s aci d(s)
and a di | uent DERAREDDESCRIPTEONOr e hydr of | uorocarbon(s) (HFC); wherein
the one or nore Lew s acid(s) is not a conpound represented by fornula MX3,
where Mis a gr oup WO 2004/ 058829 PCT/ US2003/040858 It 13 netal and X is a
hal ogen. Qotl y, thafsisy BRcifieabhBilifBils, U Teriiois |078| Si6enplaN6f @e MOT €
m)norrer(s) 051] The phrase "suitable to polynerize nononmers to forma

pol ymer" ' r eI &Véghqwlrwv%bq desetibed, peluding yw&rrezlmwﬁlre%%ﬁm dgfinitigny
conponents, Welal 1MaliBHtBd hiff gg&?&%sgfuﬁq%%dﬁ@ +Eﬂﬂé& G&igh ! pgeCessary

to obtain the pro u ction o red polyner process
par anet er s andetemnpmgenﬁ'mgcmgé{ tlieeswmbeqfdhe ﬁmdenﬂwf’ erH refEhdo enyaome ouner ous

permut ati ons of th %per&eé

SS
more B¢ u(ﬁn e1r equivalents, and elements or

limitations that are equivalent to those that are recited.

[0048) For purposes of this invention and the claims thereto the term
catalyst system refers to and includes any Lewis acid(s) or other metal
complex(es) (described herein) used to catalyze the polymerization of the olefinic
monomers of the invention, as well as at least one initiator, and optionally other

minor catalyst component(s).

[0049] In one embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s), one or more
initiator(s), and a diluent comprising one or more hydrofluorocarbon(s) (HFC's).

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

[0050] In another embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s) and a diluent
comprising one or more hydrofluorocarbon(s) (HFC); wherein the one or more

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



variations in the polynerization conponents avail able to produce the desired
polymer attributes. In preferred enbodi nents, such polyners include

pol yi sobut yl ene honopol yners, isobutyl ene-isoprene (butyl rubber)

copol yners | S | ene and par a-net hyl styrene copoly 0858
star-branc‘ﬁga"%ﬁ'?@wrubber terpolyners. [0052] Dil uentrﬁfrrjguasr?gdag“disl uting or
di ssolving agent. Diluent is specifically defined to include chem cals that
can act as solvents for the Lewis Acid, other netal conplexes (as descri bed
herein), initiators, nononmers or other additives. In the practice of the

I nvention, th | %;}t{% S : : onponent s
of the pol yme?? gigka?'gﬂﬁ)r(rg%fganl]@é%n:e' ) %ﬁébglgﬁgﬁgﬁl&u%&qlﬁgq’gﬁlg@?% system
nmononer s, et condmvmearemonpinei(s). r ecogni zed that interactions between the

di luent and reactants may occur. In preferred enbodi nents, the diluent does
not react wth the catal yst system conponents, nononers, etc. to any
appreci abl e exgosnf . AddiHel shiase! "Yuitablecto tpalyMesizé HRAbmERA FOIRS a Polyhieies of at
|l east two or nore djluents. BOOSS] A reactor is any container(s).in which a
cheni cal reacfsl@ges l9dhe selection of palymarizion genditions gad sompensatsopeld yatin i s any
systemfor th ' 1128 ; | %, Q;p;% "f)gotﬁ : react or
conpri si ng ongleoa?ﬁi%gg&bﬁgyéﬁgﬁ%fgg use@%r t I%aﬁilgi rcufg#%ﬂnaa%sﬁ%acool I ng
medi um such agolymerfiniligpht afit frodess phtemebeny andtcomponsat bpropertiesbdessribal pl ural ity
or bundl e of ubes.(#\o 2004/ 058829 PCT/ US20 %40&58 .1% %0055% Slurry
refers to a vOfiife o8 It ARP LRI RTEIREON oMo I  ROYREIANRE PLOSKH#1%i t at ed

fromthe dil Ueﬁlﬁatioﬁi)lm)lﬂl&f polyhﬂm&aioawo?:poﬁéiﬁs mi.ihbllalt 1or prodie thlsldesﬂlmd
concentration is the vgl une percent of t artia or conplete

preci pitated ﬁﬁly?ﬁér%mg’é‘g’éd oi“tﬂ’@%"("(?flale tsofs"‘%hepgllymeﬁ/.m‘[@%?SG] As
used herein, is0BWY IBRETRGh oy &S Si88by LiSrdaRr( iﬁlbf@#))'c% 1y#E4PS are
Lood ao in orEng SRR NE%‘,!net“b 59 0599( 1985) . T10057] Pol ymer

may be used t dsobeiylsne aad parrapashylsterene cepslunsreeand, star-branched butyl rubber
terpolymers.

[0052} Diluent means a diluting or dissolving agent. Diluent is
specifically defined to include chemicals that can act as solvents for the Lewis
Acid, other metal complexes (as described herein), initiators, monomers or other
additives. In the practice of the invention, the diluent does not alter the general
nature of the components of the polymerization medium, i.e., the components of
the catalyst system, monomers, etc. However, it is recognized that interactions
between the diluent and reactants may occur. In preferred embodiments, the
diluent does not react with the catalyst system components, monomers, etc. to any
appreciable extent. Additionally, the term diluent includes mixtures of at least

two or more diluents.
[0053) A reactor is any container(s) in which a chemical reaction occurs.

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

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



interpolyners, terpolymers, etc. Likew se, a copolyner may refer to a

pol ymer conprising at |east two nononers, optionally with other nononers.

[ 00581 When a polyner is referred to as conprising a nononer, the nononer

i s present yidwohdlzsddg! yer in the polynerized form of thg-pReRIRswss N the
derivative formthe nmononer. Likew se, when catal yst conponents are

descri bed as conprising neutral stable forns of the conponents, it is well
understood by one skilled in the art, tﬁgt the ionic formof the conponent
is the formthat reacts with the nononers to produce polyners. [00591

| sool efin ref 0 anygpl ef] n avi Ltution n, the sane
car bon. [0060?6‘%@ tiol e?ﬁxﬁr?rrg@é{go ?or%iaur{@e %%%&D%%@?géét#éﬂo%ﬁ%ﬁg bonds.
[0061] El ast oieve precipitatad droed itlee dibweng Shdronders, dewiks acld harde initiatsref The t o any
pol ynmer or conposition of, polymers consistent with the ASTM D1566

Gef i ni tion.  FHEM &?%n%ygbg th ol o PRREM Ras) Rty « pe cpmplfiely

"rubber ()", Bfockiattd PelyRies bastRBRA todlIluntcRr RSy 2 paraf finic

hydr ocar bon group whi ch"nay be derived from an al kane by droppi hg one or
nore hydrogens fromthe formula, such as, for exanple, a nethyl group

(CH3), or an grou ), 4 0 040858 13
[ 0063] Aryl rZ@eri to a%%%otﬁgéggﬁﬁﬁ%% #g?;ﬁg?%ﬁ%%&gﬁg{f@%re

char act eri st i €Grofpsaronsed asindCHPOCAIISNISEGINEERING NEWS)G3((1)| 27 (1983%)zene,
napht hal ene, phenant hrene, anthracene, etc., and typically possess

al ternate double bonding ("unsaturation"”) within its structure. An aryl
group is thus [gosyoup dpslyies nidyOBe vadd 36 QBfRt it Slyiidrs) YeoPbl9RiRisNg One or
nore hydrogens fromthe formula such_as, for example, phenyl, or C6H5.

[ 0064] ~Subst i ijempglymers terpelpmers, ¢teadikeyrite, pyegpolyasr mapapfenip apolyesst one
substituent s : S 6 ipe, brom ne,
fluorine, or %lblglg%lﬁg ,Ltrlgén%tr%)%%l tro, °§‘i‘ﬁ'{5§@9‘?%"f§lﬁ§{”’g&§} al kyl sul fonate),
thiol, alkylthiol, and hydroxy; alkyl; straight or branched chain having 1

to 20 carbon %&ﬁ whi C%en 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.

[0059] Isoolefin refers to any clefin monomer having two substitutions on

the same carbon.

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

[0061] Elastomer or elastomeric composition, as used herein, refers to any
polymer or composition of polymers consistent with the ASTM D1566 definition.
The terms may be used interchangeably with the term "rubber(s)", as used herein.

[0062] Alkyl refers to a paraffinic hydrocarbon group which may be
derived from an alkane by dropping one or more hydrogens from the formula,
such as, for example, a methyl group (CH3), or an ethyl group (CH;CH,), etc.



i ncl udes nethyl, ethyl, propyl, tert-butyl, isopropyl, isobutyl, etc.;
al koxy, straight or branched chain al koxy having 1 to 20 carbon atons, and
i ncludes, for exanple, nethoxy, ethoxy, propoxy, isopropoxy, butoxy,

I sobut oxy,i@e@ butoxy, tertiary butoxy, pentyl oxXyeris hakk OXY,
hexyl oxy, hep {r?%gt% octyl oxy, nonyloxy, and decyl oxy;e'ﬂa?%gﬁ?y% whi ch
means straight or branched chain al kyl yavi ng 1 to 20 carbon atons which is

substituted by at | east one hal ogen, an i ncl udes, for exanple,
chl oronet hyl , bronmonet hyl, fluoromethyl, iodonethyl, 2- chloroethyl,

2- br onoet hyl , uor oe I - r I - br Dy |, . 3- ropropyl,
4- chor obut yl , [@6?? uor ob&%l {efegﬁ gﬁ?o@n@%ﬁ?éﬁ&n%&r&%élqﬂ% ﬁfdf:tﬁg%r onet hyl ,
g i ig)ogomﬁ]t hyl , cﬁarﬁtlztd‘isgblgﬁgmﬁak‘iy lcomﬁotﬂdflkdch(asr;tfgréﬂm)ﬁple, Se&elladinhﬂahlmlaﬁ; hyl ,

, 3-di chl oropr , 3-di fl uoropropyl, 4,4-dichlorobutyl, 4,64-
di f 1 uor obut yl Pheralsiey FgPue, &&4-*8’&‘13’8’6?1%8?%??%5 SIS Pl Rgpding
tri 1 uor omet hhunsarafor) witokd HOUARAIYI An A ghodo s Thid O @859 Bitived from
1,1,2,2-tetratluoroethyl, and 2,2,3,3- tetraf] doropropyl.” Thus, for exanple,

a "substi t ut e@n gropmaiaicempennd by drepirgencior mese hydregeps & the fasmulassely r ene,
etc. [0065] "aﬁ%leex)ﬁﬁqgféd%lﬁ%ﬂf or EfrS invention relates to the use of
rson(’s r'ole F

hydr of | uor oca ds of %ydrofl uorocarbon(s) w th hydrocarbon(s)
and/ or chlorinated hydrocarbon(s) to produce a polyner slurry which is |ess

prone to foul] (1.e.,.al. bseryed nore glass |ike, less stjck
particles in t[%@gl eact i §Hbs_t‘§’g§°€@§°r q #t ??&8&%&@'@5@? gre l13’oattl|"i‘i§{\$§)ét s of the
vessel or to fsigstifilent Edistied D] fRrexiibhié ORAOLRERBRIGriNS b0 BGRB8 14 as
wel | as reduced particle to particle ac};gl oneration). Mrre particularly, this

i nvention rel agdine); ¥nippenifreesubioxy (wuifonate ot alkul wéfanale) thiek alkyltdel, ppd=C di | uent

blends wth X n / Qr ' (EE‘,]-Q r :
pol yneri ze angl'y"a!{?gg’g?g‘ﬂé?@gﬂi%o% e %gﬁ%ﬁt ggnggﬂ{an ?%I?hgﬁgér%%renes to
produce i sool efidludes methyhatyierepyd, teirt-boiyh lisopeapyl, wsobhityk ietpri af kooadtiaight educed
reactor foulin Eur.t her , thirsn i.nvEnt%d)n [ el at es tﬁ.ts_ﬁguie of i
hydr of | uor ocarb 8T FanR@oxy hayipg f 49,¢0 casbe ity and] Ineludies 9 SX8MRIen )/ or
chlorinated hysstig kthaxb)| pidgexy, AsdpedpoRP, btéxy, isobutoxy, secondary butoxy,

tertiary butoxy, pentyloxy, isopentyloxy, hexyloxy, hepiryloxy, 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, fluoromethy!, iodomethyl, 2-
chloroethyl, 2-bromoethyl, 2-fluoroethyl, 3-chloropropyl, 3-bromopropyl, 3-
fluoropropyl, 4-chlorobutyl, 4-fluorobutyl, dichloromethyl, dibromomethyl,
difluoromethyl, diiodomethyl, 2,2-dichloroethyl, 2,22-dibromomethyl, 2,2-
difluoroethyl, 3,3-dichloropropyl, 3,3-diflucropropyl, 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-
tetrafluoropropyl. Thus, for example, a "substituted styrenic unit" includes p-
methylstyrene, p-ethylstyrene, etc.

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

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



and copol ynerize isoolefins with dienes to produce isoolefin copolyners with
significantly reduced reactor fouling and hence longer run life for the
reactors, as conpared to conventional systens. [0066] |n another

enbodi nentvotzg&,dgyggofl uorocarbons are used in a tubul gEr©6sResss O obt ain
reduced polyner accunul ation on the heat transfer tubes and/or reduce

pol ymer accumul ation on the inpeller an? thus obtain longer run life.

[ 0067] In anot her enbodi nent, the hydroL‘uorocar bons are used in a tubular
reactor at higher tenperatures to produce polyners at nuch greater run

| engt hs (such ;@50 £3k8% il t : RERF [ Qfi&at 'J“E’ﬂ hours,
preferably greater thanceggﬁ‘ﬁ(l)cllj‘?s@ﬁ%?% a%?ef%r%gﬂjl gr(grgtpg?ht ag’ ﬁ’gs hour s

t han possi bl eimientipn relates to theluse efaptdectlvoyetabon dideend(s) P10ABSG dilhent bleodher
preferred enbodinent the hydrofl uorocarhons are ed Jin ol.ynerj zation
process to ob%‘hlnnﬁ%‘#'%%%nﬁtﬂng@ﬁlcﬁo ﬁgﬂ{ygrog?rbpﬂﬁ%%{o P@X%g?%/ﬁﬁ? t han
when ot her hakegtymére Bysléfaawhp nbenss and/sedlkylsBbRb tbnprodsecibsieient, this
i nvention rel it es to the djscovery of new pol %g’eri ation systens using

dil uents cont 2PMPPRIYREr 874 (FOPREEO MGt antly; |TeeKeed Repdter dowloey di ssol ve
the sel ect ed g@fRdryibls ifvenli é‘ﬁ@ktﬁ‘ﬂi&ﬁ@'&?hﬁﬂéﬂrﬂfr@caﬁoﬁ'cﬁ%ﬁ%@lﬁa t solvents

for the polynmer product. Polynerization systens usin I'luents are

| ess prone tobleods with hydmcarbonshenddergthborinated i hydrogarbpo | s to palymedtes to each

ot her and their,depqsiting. o al rization hardwar I n 2004./.058829
PCT/ Us2003/ 04685 00 Emeriza-tsgclefind Yifl dtens 1o Prod e MBdiEon BpalfngSiiY ) °00 . o
these di | uent significafttyl igdwded 2&iciod fouting lafdrierice logeerunrléfh dorethe esacfs, ks gh

nol ecul ar mei%ht 5@% nmers and copolynmers at equivalent to or higher than to
t hose pol ymer €8P EBHPEPE FFEI™Ysi ng sol el y chlorinated hydr ocar bon

di luents such as nethyl chloride. [0070] In another enbodinent, this

i nvention relates to the di scovery of
[0066] 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.

[0067] 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.

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

temperature than when other halogenated hydrocarbons are used.

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

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



new pol ynmeri zation systens using fluorinated aliphatic hydrocarbons capabl e
of dissolving the catal yst system These pol ynerization systens are al so
beneficial for isoolefin slurry polynerization and production of a polyner
slurry th%g?r%au)o&;z% prone to fouling, while perm ttingcghisesdiossn of
nononer, C noner and the comercially preferred al kyl al um num hal i de
catalysts. In addition, this invention_further relates to the use of these
di luents for the preparation of high | ecul ar wei ght pol ynmers and

copol ymers at higher polynerization tenperatures as conpared to

pol yneri zat i Oﬁi&i@ e‘?@o%ﬁeﬂ‘q%ég‘l&ﬁl‘%ﬁ%‘%r itBattl?ed.Jéé’dBPCttﬁ%:l\%O'?lﬂuéﬂd uents such

as net hyl chlor enbodi ment, I's 1T nvention rel ates
to the preparpdlymerizatibn sgstemhsefar rthe prepamtial pfrbigh moldcdapwkighte paymerspeci al |y

t he pol yneri zat,jon .reactions. yired to produce. t I sobut yl.ene-i soprene
Fornyof bt yi Akl SHRAVERS. = SRuHgHte o-b. HeRgn S i dbessp S EHEoR o
particul arly, tefperatuiese Bih® soled) ahR¥inkied BdfRReRd Giluch@! YBR' by im@h@nd

copol ynerizing isoolefins in a slurry polynerization process using

hydr of | uor oca# €di | uents or bl ends of hydrofluorocarbons, and chlorinated
hydrocarbon diluents, Iike nmethyl chloride. [0072] In another enbodinent,

the polynerization systens of the present invention provide for
copol yneri zi n#026] i sonminanbthérn emivalitner, thisoinvehtion rélateatd dre disdovery ofnd

par a- al kyl styrene nongners. In accordance with a.preferred e di.nent of
Phe" nvent | onioH RRBSRERR YRR CSnE BB s P BiSkseatrons SRR Pabout 50
and 99.5 wt. §xpivikd el caRBlselystins UThes@ polymefiiiivh 8Pderad se Mbdomaeficiabout 0.5
and 20 wt. % of .t he para-al kyl styrene such as para-nethyl styrene. |

accor dance wi 1or ispalsfin shirgy pobanerizaion andpaoauiction,ples polymerdlyrry, thap s Jessi 2

materials WO RAAR ‘g}gi-?%é%%gg %&ﬁﬁ, el as wel |,
t he copol yrreré‘ggﬁa&corrpg’i se et vvegéﬁig out nl%fqgﬁﬁd&m%’&d%%v?ﬂg@g& 0 ﬁltehe
i sool efin, orcingotrcially epreferrad dalkjplelumiguind lalide OGatalysts.% &d addigion, this

et R T A B0 s

molecular weight polymers and copolymers at higher polymerization temperatures

as compared to polymerization systems using solely chlorinated hydrocarbon

diluents such as methyl chloride.

[0071] In yet another embodiment, this invention relates to the preparation
of isoolefinic homopoiymers and copolymers, especially the polymerization
reactions required to produce the isobutylene-isoprene form of butyl rubber and
isobutylene-p-alkylstyrene copolymers. More particularly, the invention relates to
a method of polymerizing and copolymerizing isoolefins in a slurry
polymerization process using hydrofluorocarbon diluents or blends of
hydrofluorocarbons, and chlorinated hydrocarbon diluents, like methyl chloride.

[0072]) In another embodiment, the polymerization systems of the present
invention provide for copolymerizing an isomonoolefin having from 4 t0 7 carbon
atoms and para-alkyistyrene monomers. In accordance with a preferred
embodiment of the invention, the system produces copolymers containing
between about 80 and 99.5 wt. % of the isoolefin such as isobutylene and between
about 0.5 and 20 wt. % of the para-alkylstyrene such as para-methylstyrene. In

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



produce polyners of cationically polynerizable nononer(s) conprising
contacting, in a reactor, the nononer(s), a Lewis acid, and an initiator, in
the presence of an HFC diluent at a tenperature of OC or | ower, preferably
-10C or | ) erably -20C or lower, preferably - ERR0030Y08E8
preferaleﬁSEQ%@§#§IIomer, preferably -50C or |ower, pﬁgﬁgrably -60C or

| ower, preferably -70C or |lower, prefejably -80C or |lower, preferably -90C
or |ower, preferably -100C or |ower, preferably fromOC to the freezing
poi nt of the polynerization nmedium such as the diluent and nononer

m xture. MONOLRKS: I ' I rized b
xtu &Elb:%}ggfbg%d;u@é%mal, [t shb1 A cﬁwﬁ?&é&%e@é&n%ﬁoﬁqoy#g Lgl ng y

this systeminc ydrocar bo nomer t I's polynmerizab
this inventi o%0.5 PreVeof the isqvisfioner sobuivlens and nbowr0.5rand 90 fwto Ve df the,

al pha-ol efins, disubstituted olefin | sool efins, conjugated dienes,
non- conj ugatm Ten%t gﬁf% sV st i tuted  styrenics and vinyl
ethers. The styrenic may be substituted (on the ring) with an alkyl, aryl,

hal i de or al koxide group. Preferably, the nmononmer contains 2 to 20 carbon
atoms, nore pl¥ ¥ ably Iz qgeéneg\pg}boﬁﬂegt HPe fayentign, refatesioga PEICESIOat ons.

a5, g o, LS, i i

met hyl styrene, al pha- | styrene, I benzene, _ enylbenzene,
i sobut yl ene, ¢onotasting:|in|a teacteridhe onemenys), o Uswieacid, adnast inytiatar, petheene,

| soprene, bu L epe, 2,30 hyl < 1. 3- but adji B- pi_nene ne,

6, 6- di et hy| -é‘%?"x?&%fan Qadélﬁ’ﬁé‘?/aEew%g“g’g‘ﬁt%ggfdéﬁlé‘P‘”ﬁﬁﬂ’é"r SRy IO i nyl
et her I et Byl lo'nlwgy,lpr&taﬂabry, -26iCor losen rafbrablyngd°Cedrtiewen petferably Ht(bf’elkorwb no Imer
may al so be c i natj ops of, two or more no rs. Styrenic qQck copol yners
may al so be BB PRy C OtpjoeE ARerabl sl COpaFFOraebE - IE opol yirer s
of styrenics, 1oWeg hréferably)-86%Eor lowaY, BrefER4BlY LIPY bE Rver; r@l*é?abge-tlb()“bs&}’re”e, and
C4 to C30 diolefins, such as WO 2004/ 058829 PCI/ US2003/ 040858 17 i soprene,

but adi ene, anldwenartferably fromtQ°Cup sha freqzingfpainteaf the nelymerizationimadiunans
include 1) i S&RH%X&%%%&R%@%&&&@MWF ene 2) isobutyl ene and i soprene,

as

Monomers and Polymers

[0074] 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,
isoolefins, conjugated dienes, non-conjugated dienes, styrenics and/or substituted
styrenics and vinyl ethers. The styrenic may be substituted (on the ring) with an
alkyl, aryl, halide or alkoxide group. Preferably, the monomer contains 2 to 20
carbon atoms, more preferably 2 to 9, even more preferably 3 to 9 carbon atoms.
Examples of preferred olefins include styrene, para-alkylstyrene, para-
methylstyrene, alpha-methyl styrene, divinylbenzene, diisopropenylbenzene,
isobutylene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-pentene, isoprene,
butadiene, 2,3-dimethyl-1,3-butadiene, B-pinene, myrcene, 6,6-dimethyl-fulvene,
hexadiene, cyclopentadiene, piperylene, methyl vinyl ether, ethyl vinyl ether, and
isobutyl vinyl ether and the like. Monomer may also be combinations of two or
more monomers, Styrenic block copolymers may also be used a monomers.
Preferred block copolymers include copolymers of styrenics, such as styrene,
para-methylstyrene, alpha-methylstyrene, and C; fo Csp diolefins, such as



wel | as honopol yners of isobutylene. [0075] Additionally, preferred nononers
I ncl ude those that are <cationically polynerizable as described in Cationic
Pol yneri zation of Aefins, A Critical Inventory, Joseph Kennedy, WI ey

I ntersci e”%zoh?@%sﬁ@r k 1975. Mononers include any nmonogpgukitaiodosss
cationically polynerizable, such as those nononers that are capabl e of
stabilizing a cation or propagating center because the nmonomer contains an
el ectron donating group. For a detailed discussion of cationic catalysis

pl ease see Cationic Polymerization of O efi ns A Critical Invent ory, Joseph

Kennedy, Wlefi'sokféﬁgrtﬁfﬂcﬁ eand\ﬁl@/ Qr@aﬂn%ﬁﬂ x@%d ;H&ﬁoﬁpp ‘%’th%to

present in the yneri zation nmediumin an rangi ng

0.01 wt%in omhﬂileﬂ()dsmqﬂeneaéﬂdepmmethgl ytyﬁﬁe m%bum@elan\d/tl%praiei &y natively
from40 wt%to ﬁ alterg 'Ii e]ﬁ%/ 30 to 0.5 W% alternatively 20wt % to
0.8 wt% alteMf tﬂpygrp ‘ﬁﬂﬁwf‘t" WY§E% to 1 W% in another enbodi nent.
[0077] Preferred pol yrrers |ncI ude honopol yners of any of the nononers

listed in this Section. npl es of honopol yners i ncl ude pol y| sobut yl ene,

pol ypar a- met hy#58Y)r ene, Aﬁ@hyﬂ%’apr preferred o | masiomesn einclyde y 4hgsha thast 188 st yr ene,
pol yvi nyl eth V- ). 100781
Preferred pol ;%/érrt?abrngs&gf%%@%ﬂ%g%gﬁege%?@hﬁp&} %% ;tax%'y%éa h‘h%

al kyl styrene; Caﬁﬁtaﬁ)ln\iesmby;t yd»sepie Kentedys oWhleyleInte{rﬁt@eZﬂé, Ntuor’ﬁé)rbniﬂ?dl ment

butyl polyner are ar ed reac a. co ure e mxture
navi g’ at | en MR RRRAE SmoBoR GRS i (rigfHIB ForEBr e ek ot frost

| sobutene wit |mc(u3ﬂne1% tHAt! dré @iqﬁtf)lerbf Stdbilip aJeaaro@obrqu aﬁ@&m bemaaoonent

Thelsooleflnlsmaran from70 to 99.5 wt% b ght of the total
comononer i x thfy WORGMEE roniBiRg Al elestion dgmating gyeups R@m/e ﬂ%méwoqhﬁréaswrrﬁ%dl ment .
WO 2004/ 05882 g%gg,g / 5 i sool efin
Is in the rangg ng{é oéle%%%vw&% é%llﬂdé& comgtz%%ﬂg{ corrpto(ﬁg%tgl I n one

enbodi nent i s Ipreswenioseph KeonedpnWileyrinterscience, New York 1975

[0076) The monomers may be present in the polymerization medium in an
amount ranging from 75 wt% to 0.01 wi% in one embodiment, alternatively 60
wt% to 0.1 wt%, alternatively from 40 wt% to 0.2 wt%, alternatively 30 to 0.5
wt%, alternatively 20wt% to 0.8 wt%, alternatively and from 15 wt% to 1 wt% in
another embodiment.

[0077] Preferred polymers include homopolymers of any of the monomers
listed in this Section. Examples of homopolymers include polyisobutylene,
polypara-methylstyrene, polyisoprene, polystyrene, polyalpha-methylstyrene,
polyvinyl ethers (such as polymethylvinylether, polyethylvinylether).

[0078] Preferred polymers also include copolymers of 1) isobutylene and
an alkylstyrene; and 2) isobutylene and isoprene.

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

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



m xture from30 to 0.5 wt% in one enbodi nent, and from15 to 0.5 wMo in
anot her enbodi nent. In yet another enbodinent, from8 to 0.5 wt % of the
cononomer m xture i s conjugated diene. The C4 to C6 isoolefin nay be one or

nore of i iﬁ@% %}3518292' met hyl - | - but ene, 3-net hyl - | - but engyerdpsityslondsss?- but ene,
and 4- et o -pentene. The nultiolefin my be a C4 to Cl4 conjugated diene

such as isoprene, butadiene, 2,3-dinethyl-1, 3-butadi ene, 13-pinene,
nyrcene, 6, 6- dinethyl-fulvene, hexadi ene, cycl opentadi ene and pi peryl ene.
One enbodi ment of the butyl rubber polyner of the invention is obtained by

reacting 85 t 9%0.0f,. | {: s 0 % 1 .spprene, or by
reacting 95 tg‘%3?@0%%{%0335%@%&%%&%#%%@ %P?zsoto\(l)\g%/g%i oprene in
ygt anot Per eeda%nﬂamﬂrﬂienerlagnpdneﬂxtl inwjnegeﬂclilaidlmeﬂtlif edsett iSthb @eimohiemer
above-referenced w,. % wau e ressed,.as nmol% W %ICA" nmo] %1C4A w %
| CSb Mol %csml’%“’f?.‘%%5t°.%_ vl i, on gmi 3@2%%.1:@"8{%.*?4%3"‘4@5@3 15 12.7
99.5 99.6 30 ZhHer efnbolifafent. i18GRY aHbtRECebodikent; FoMORMENES [WAPBBE thEhi S

invention further relates to terpolyners and tetrapolyners conprising any
combi nati on ofomReTEMEH A¥fHTesis [corjugaieddigne: . Tig €4 & Fe dsoplefipanapks ene ¢nd

oL ool Yt R LR EOTRELS M SIS D5t ORA DS, B0

di vi nyl benzene, po ene, para-a yrene
(preferably paxcthybilipehteas.y Thowpltialefinintaybear@; ol yorndugntedaligaeisachnay

At aal Kyl - St y PGER  PURIRI 2 BTt ORGP p-BiAEIey mEPEH §obut yl ene
cycl opent adi eggne@iALilIS6HR! BAQdicRE) cyiBpént4dkiR ang ipittriyid. CORE bATbEMEnt

of the butyl rubber polymer of the invention is obtained by reacting 85 to 99.5

wi% 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%.

WE%ICH | mol%ICH | wE%ICS® | Mol%ICS
70 73.9 s 4
85 873 5 42
92 93.3 8 67
95 95.9 15 12,7
99.5 99.6 30 26.1

a. IC4 - isobutylene
b. ICS - isoprene

[0080] This invention further relates to terpolymers and tetrapolymers
comprising any combination of the monomers listed above. Preferred terpolymers
and tetrapolymers include polymers comprising isobutylene, isoprene and
divinylbenzene, polymers comprising isobutylene, para-alkylstyrene (preferably
paramethyl styrene) and isoprene, polymers comprising cyclopentadiene,



| sobutyl ene, and nmet hyl cycl opent adi ene, polyners conprising isobutyl ene,

par anet hyl styrene and cycl opentadi ene. Lewis acid [0081] In a preferred
enbodi ment the Lewis acid (also referred to as the co-initiator or

cat al yst) @ Lew s acid based on netals from G gupy 3, 14 and
15 of the gﬁﬁw‘@pgﬂ¥able of the Elenents I ncl udi ng boron, ﬁ?ﬁﬁ?ﬂﬁﬁ1

gallium indium titanium zirconium E vanadi um arsenic, antinony, and
bi smuth. One skilled in the art will recognize that sone el enents are better
suited in the practice of the invention. In one enbodiment, the netals are

2 um e, L8R i Ry Yot oA PO LSSl B LY

SnCl4, Ti Cl4. isobutglenpeaydopentadiche agpt rsémemeeqiobnhrmbmﬁsmgaﬁalopmwma he chosen

Formil a wa: | SREVISR ] o pricheaatisee. RoRES) Comppioe [0S Fogen
| ndependent I Y painethyReirenkaqdt: *d}.@egfaaiéﬁe consisting of fluorine, chlorine,
brom ne, and |od| ne, preferab chlorine. X nay al so be a psuedohal ogen.

For the purposes of this invention and the clains thereto pseudohal ogen is
defined to beLEﬂ}saaE jgde, an isocyanate, a thiocyanate, an isothiocyanate or
a cyani de. ng exanples include titaniumtetrachloride, titanium
tetrabrornide, vanadiumtetrachloride, tin tetrachloride and zirconium

tetrachl ori de Go 4.le c i ds ont ain nore than
one type of h&?oﬁﬁn qu?eﬁeﬁg?né: V\tﬁw SRl ¥Tlf? ’éei‘?rﬂér% ﬁli[‘]“d
trichloride, bb-ﬁxﬂﬁatmrchaﬁﬂ | iy Bbﬁmmmamld%ma%ummﬁﬁmemupm ghl ori de,
and tin chlori de trifl uortﬁeaggl 14 Lewi s_acids useful in

[008
this inventi ofdnkhand %Tﬂé?l@ff'g?%ﬁ%?% ?Pc b°‘-"°no alipein M s

G oup 4, 5, oramﬂmnﬁﬁmn R zirdnluin, OGARRAP, hadi cal
sel ect ed fromthe group consi sting o to V\D 20 4/ 058829 PCT7°US2003/ 040858
20 C12 al kyl , bismpth. Gmaskilledyin theedrwllaﬂ}dgn@ndla@m@dbmwts aegchetter syitedand n i s

an integer

in the practice of the invention. In one embodiment, the metals are aluminum,
boron and titanium, with aluminum being desirable. [llustrative examples include
AlCl;, (alkyDAICL,, (CoHs»AICLE and (C:Hs)AlLCl;, BF;, SnCly, TiCly. In a

particularly preferred embodiment, BF; is not the chosen Lewis acid.

[0082] The Group 4, 5 and 14 Lewis acids have the general formula MXj,;
wherein M is Group 4, 5, or 14 metal; and 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 the purposes of this invention and
the claims thereto pseudohalogen is defined to be an azide, an isocyanate, a
thiocyanate, an isothiocyanate or a cyanide. Non-limiting examples include
titanium tetrachloride, titanium tetrabromide, vanadium tetrachloride, tin
tetrachloride and zirconium tetrachloride. The Group 4, 5, or 14 Lewis acids may
also contain more than one type of haloéen. Non-limiting examples inciude
titanjum bromide trichloride, titanium dibromide dichloride, vanadium bromide
trichloride, and tin chloride trifluoride,

[0083) Group 4, 5 and 14 Lewis acids useful in this invention may also
have the general formula MRX4., ; wherein M is Group 4, 5, or 14 metal; whetein

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



fromO to 4; X is a halogen independently 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 clains
thereto p en is defined to be an azide, an is
thiocyanaté@“%ﬁmgkggthiocyanate or a cyanide. The tern1ﬁg¥§$§ﬁﬁvwgsrefers to
a radical containing both aliphatic ang, aromatic structures, the radical
being at an al kyl position. The term"alkylaryl" refers to a radical

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

aryl position =l LIyt L35 A6 FSici JACH

benzyl titani u%ntl\?lﬁ%lhkl?rl’i %fg@“ﬁ?(’be zlﬁgl-?lt ?{da%?{lﬁo%ﬂ(gllm Oa?sl, gg{lq‘sllgea%zl)ll#g?[r coni um
trichloride, ttoimehiy#zX1ic ahalogerdindemeniletdly seletted (fitont theignonp ¢ansistidgoof de,

di et hyl titanium.di flyari di met hyl t.in dichloride.an henyl yanadi um
trichloride. [BYEH1 °Qf’8f}ﬁdﬁ‘?’ eaﬁﬂé]ﬁ&‘teevﬁr%éfﬁhﬁd ﬂ?&f§? "Fﬁl{ 3% !eianvent i on
may al so  havgsielchalitBer aFof Hieplnpodds R R MxAnfion mhd MbelQnd thbdefo G oup 4,

5, or 14 netal, wherein RO is_a nonoval ent hydrocarboxy radical selected

fromthe groupscudehlqasniggdefinedto by @noazidek sy isogyanatex ¢, thincyanata, 3oy

al kyl aryl oxy : ’ [ BRONA ©! hr | ﬁ?ﬁ]?ﬂ cted from
t he group congsgg?l !é&(g? E;C? c?%ﬁdéiz. ﬁaéﬁty%fyl%l,ﬂg%%%pglrﬁgﬁ&gﬁ y §y| and
cycl oal kyl r atipthaliphaiic aid faromatic strostares,thd mdial being ggerallfyl positor. oTke and mi s
an integer frogmO,t0.4 such that the sum of. n m,i .not,nore than 4; X

i s a hal ogen ?eﬁﬁepﬂﬁ’éﬁrﬁfl §eq§rglt§c?e'3&t°aoﬁ?'§ﬂ§m§?€% aé{?ﬁgtfcstafu?‘ugam%?mfl uori ne,
chlorine, brostRgureg ik taditalbeingateiedrabpagition] MdnimitiXg BRYMpIES 6f sl

psuedohal ogen, For the purposes of this i_cmlpe_nt i on anq .the clains thereto
pseudohal ogenlf¥isyasifidaclpde henzytitapinge trichipride, dibepatititaniym ichlaridaat e, an

| sot hi ocyanat gedh Aol dRchifife, t AbeRIARSEANO! dibRinddd, N\EMhyIRAnuANe Skil | ed

in the art would recognize that the térnms al koxy and aryl oXy are structural

equi val ent s t trichigridexi climethptitastinm ox difieridess pdiongthadtiy .  diebloride m andk y| al koxy"

refers to a ragi L both aliphatic and aromatic structures, the
radi cal bei ngﬁg%ng'gjr?ma %@%@gition. The term"al kylaryl" refers to a

radi cal containing both aliphatic and aromatic structures, the radical
being at an ar[ﬁ'dsﬁi(y pos&olugnfl, SNz?nI&- M lr;%vsils atids useful in this invention may also
have the general formula M(RO),R'X4-(m+n); Wherein M is Group 4, 5, or 14

metal, wherein RO is a monovalent hydrocarboxy radical selected from the group

consisting of C; to Cso alkoxy, aryloxy, arylalkoxy, alkylaryloxy radicals; R' is a
monovalent hydrocarbon radical selected from the group consisting of C; to Cj»
alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl radicals as defined above; » is an
integer from O to 4 and m is an integer from 0 to 4 such that the sum of n and m is
not more than 4; X is a halogen independently selected from the group consisting
of fluorine, chlorine, bromine, and iodine, preferably chlorine. X may also be a
psuedohalogen. For the purposes of this invention and the claims thereto
pseudohalogen is defined to be an azide, an isocyanate, a thiocyanate, an
isothiocyanate or a cyanide. For the purposes of this invention, one skilled in the
art would recognize that the terms alkoxy and aryloxy are structural equivalents to
alkoxides and phenoxides respectively. The term "arylalkoxy" refers to a radical
containing both aliphatic and aromatic structures, the radical being at an alkoxy
position. The term "alkylaryl" refers to a radical containing both aliphatic and
aromatic structures, the radical being at an aryloxy position. Non-limiting

examples of these Lewis acids include methoxytitanium trichloride, n-



exanpl es of these Lewis acids include nethoxytitaniumtrichioride, n WO
2004/ 058829 PCT/ US2003/ 040858 21 but oxytitani um di chl ori de,

di (i sopropoxy)titaniumdichloride, phenoxytitanium tribrom de,

phenyl et §¥5<{4509&§3 umtrifluoride, nethyl methoxytitandyks26iszaelidses i de,

met hyl nmethoxytin dichl oride and benzyl isopropoxyvanadi um dichloride.
[00851 Goup 4, 5 and 14 Lewi s acids us,([alful in this invention nay al so have
the general formula MRC=00)"R fX44m+""); wherein Mis Goup 4, 5, or 14
nmetal ; wherein RC=00 is a nonoval ent hydrocarbacyl radical selected fromthe

group consi st t.o 30,al | OXY. a6 V] acyl, ox aryl al kyl.acyl oxy,

al kyl aryl acyl %‘)i{gxysr%l g%‘lg%ﬂl@?ﬁsﬂ“dgs&ﬁgoﬁﬁog}gﬁp@mMﬁ@b@hgl}(’m M5el ect ed
frgm tlhe Igrk otlrthrmiﬂ_s,i waﬁdﬁ@lxﬁéhc}fi;tzirdgnﬁiﬁ aifludride,ar ykthyhr m{ea{o]éqyﬂitanjgmkyl Zw yl .
and cycl oal kyl,, . radi ca S I ned apove; n.is an integer fromO to 4 and m
is an’int eger dichisfe msthyh m Wﬂagl%gﬂgg%mof benzyh JSORIPROXNYANAGHEMe t han 4;
X is a hal ogegchigdgpendently selected fromthe group consisting of

fluorine, chlorine, bromne, and iodine, preferably chlorine. X nay al so be
a psuedohal ogen. For the purposes of this invention and the clains thereto

pseudohal ogengj(%?]def [ negmgg%?_?hagg ﬂzﬂgﬁs 3@9? g#i@ﬁ@ﬁ‘gtiﬁv&nﬁ?%?%ﬂ?ga’@”at e, an

| sot hi ocyanat a cyani term acyl oxy 0 a
radi cal cont ahmiertiie pemetal &rimalEaViiRCe00), RSBty rwhertindd tisiGesp 4 Beorriadi cal
being at an al kyacyl ox sition. The te "al ky] aryl acyl oxy" refers to a
radi cal cont aF‘r‘??‘{’ﬁg 15*6‘?‘% fﬁf‘.%_&%?@&ﬂ@% b%ﬁ’?‘%‘l’a" { 'T'%%’fe)étfﬁé“ di cal
being at an aphpCYRinP st 10,00 &N alkhdYidAyN JarplayIBXES aflaikyldtgRRy L eW S

y

aci ds include acetoxytitani umdichloride, bénzoyl Zirconium “tribrom de,

benzoyl oxyt i t allylamlacyloxy uedicals R'iis 8 prastosatens ydrasadpe madied! gelecterb fromp)

acet oxytitani ' ' e ' | QF4l 00861
G oupxﬁ :_evm' Ismgcél g@]%cgiés#sﬂ.ﬁg ?g@f E(?g%%/ér%@h% gﬁwg@l#@végtcﬁgo g 1nEar al
formul a MOX3; radivelseis defitddsabaveinasign hitaget fadm Ovtb draad m X anh Sntegen floogkto

| ndependent |y ,seliegt efl LLMA NS 197 QUR, CONSHEL W% 91 HldiRh LiiEhendlly | N

selected from the group consisting of fluorine, chlorine, bromine, and iodine,
preferably chlorine. X may also be a psuedohalogen. For the purposes of this
invention and the claims thereto pseudohalogen is defined to be an azide, an |
isocyanate, a thiocyanate, an isothiocyanate or a cyanide. The term
"arylalkylacyloxy" refers to a radical containing both aliphatic and aromatic .
structures, the radical being at an alkyacyloxy position.  The term
"alkylarylacyloxy" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an arylacyloxy position. Non-limiting examples of
these Lewis acids include acetoxytitanium trichloride, benzoylzirconium

~ tribromide, benzoyloxytitanium trifluoride, isopropoyloxytin trichloride, methyl
acetoxytitanium dichloride and benzyl benzoyloxyvanadium chloride.

[0086] Group 5 Lewis acids useful in this invention may also have the
general formula MOX3; wherein M is a Group 5 metal; wherein X is a halogen
independently selected from the group consisting of fluorine, chlorine, bromine,
and iodine, preferably chlorine. A non-limiting example is vanadium
oxytrichloride.



and iodine, preferably chlorine. A non-limting exanple is vanadi um
oxytrichloride. WO 20041058829 PCTI US2003/ 040858 22 [00871 The G oup 13
Lewi s acids useful in this invention have the general fornmula MX3; wherein
Mis a G oyp beydiBie and X is a hal ogen independently pgfyghbsishodssom t he
group consisting of fluorine, chlorine, bromne, and iodine, preferably
chlorine. X may al so be a psuedohal ogengy, For the purposes of this invention
and the clains thereto pseudohal ogen is defined to be an azide, an

i socyanate, a thiocyanate, an isothiocyanate or a cyanide. Non-limting

exanpl es i ncliggy al um ' Qe 1ROl nfthik i is -
tichloride, argd I ndi um Wdlugg?l 52&@?6088] G ou %hﬁggmh%ﬁ%%%dggﬂlﬁlsef ul in

this inventi odormaa MPgpwherein Mhis a Gronp A 3 imetad and, Xais aMRlogenrindependently M i s a

G oup 13 netal_ | noval . d n | cal lLe romthe

group consi st is%lﬁ) %8% EHC% %fgp gcpés;}sft?%agrf(; : g’r f/lpgﬁ%l%’/e}’,m%%ﬁy%arey Shd

pyg | oal l(;yl t lraqbi-af?'hlﬂ%r cgl’oltcdina. Dtsr?ﬂg asontees piuegitst;d_lb$n. Eﬁofr l)lhd ﬁx;rposehafr'] lﬁﬂﬁh

i ndependent |y sel ected, fromthe group cqonsjsting o uorine, chlorine,

brom ne, and IBEFHE a‘Eﬂ' We&&'&?sy“’gﬁ%%ﬁqg&a_l@gﬁ’éﬁgﬁé‘?db@ ée PR FEWYEhER ogen. For

the purposes @focydhar, & BHEYahAE BNEbthiD&akAtd oM E cyHEdL N oRBRHARRAAAAEN | S

defined to be an azide, an isocyanaté€, a thiocyanate, an isothiocyanate or

a cyani de. Thénclydgratyminumy tichlpride,rhoren tiflugride, reatliven frichinidgi andhipdive: h

al i phatic andﬁ%&wﬁ%i c structures, the radical being at an al kyl position.
yraryl™

The term "al k refers to a radical containing both aliphatic and
aromatic structures, the radical being at an aryl position. Non-limting

exanpl es of t Lew s.aci ds, | ncl udg et hyl al um.num,. di chl qride
met m/)l al uni nuRﬁ@thl ori %?“Pb@%‘f“élaﬁﬁf r‘i'ﬁ?%d’r“c SdRYGRon ey iR gﬁ"’aéﬁ‘? i um
dichloride, digehdiyl fatmulh:n WIRGSN OWhélein Mi TRt Gaoup 18Mh&EIR B Aohéi@lent

et hyl al um num_sesquij chl ori de, nethyl al um num sesqui chl ori de,

trimethyl al unibitheraben tadisehssleatehiromithe proopspnistiog Pl todw $llgdiagd, useful in
this inventi o ia¥y2iIRASRR dydfoalkyl radicals; and » is an number from 0 to 3; X is a

halogen independently selected from the group consisting of fluorine, chlorine,
bromine, and iodine, preferably chlorine. X may also be a psuedohalogen. For
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 ethylaluminum
dichloride, = methylaluminum  dichloride, benzylaluminum  dichloride,
isobutylgallium dichloride, diethylaluminum chloride, dimethylaluminum
chloride, ethylaluminum sesquichloride, methylaluminum sesquichloride,

trimethylaluminum and triethylaluminum,

[0089] Group 13 Lewis acids useful in this invention may also have the
general formula M(RO),R'mX3_(m#n), wherein M is a Group 13 metal; wherein RO
is a monovalent hydrocarboxy radical selected from the group consisting of C; to
Cio alkoxy, aryloxy, arylalkoxy, alkylaryloxy radicals; R' is a monovalent
hydrocarbon radical selected from the group consisting of C; to C;; alkyl, aryl,
arylalkyl, alkylaryl and cycloalkyl radicals as defined above; 7 is a number from 0



general formula M RO NR mX3{mtn); wherein Mis a Goup 13 netal; wherein RO
I s a nonoval ent hydrocarboxy radical selected fromthe group consisting of

C, to C30 al koxy, aryloxy, arylal koxy, alkylaryloxy radicals; R is a
monoval entwo%‘ﬁpﬂg&% bon radical selected fromthe grouppEPiGhdioiéssgs of Cl to
C12 al kyl, "aryl, arylal kyl, alkylaryl and cycl oal kyl radicals as defined
above; n is a nunber fromO WO 2004/ 058§329 PCT/ US2003/ 040858 23 to 3 and m
is an nunmber fromO to 3 such that the Sumof n and mis not nore than 3; X
i s a hal ogen independently selected fromthe group consisting of fluorine,

= & hal ogen i ndependent |y _
psucdonal ogent Lyt fRcar SAE ol (o™ 6 toab e Bk of P o) ABreif

I's rnvention a alrnms thereto
pseudohal ogen3j X id ef halegdn tinddpendently zéleed fomi the gyaupatoasisting bff flwymeat e, an
I sot hi ocyanat e_.or, a gyani de. A;ar 1 hepi_)%ro ses, .of. thi inventiori,? one skilled
in the art PEinG: o PIOGHRS o 209, JPiftfye PIRIFTARLY o PRIBHDE- andX aT8Y o®§° % %t r uct ur al

equi val ent st gsucabiialogefles Fain thed penoidsdeS tHi€ SiRation @hll - thd NéaikRr there@ Y1 al koxy™
refers to a radical . containing both aliphatic,and aromatic structures, the
radi cal bei ngpw“d@hﬂl(lﬂekdﬁydeﬁﬂ@gitﬁi%.aﬂﬂﬁd% A iSogyaRyleq 2y thiogyanaid, sant o g

radi cal cont akahs ';@Qﬁ i QULRr| Hedoy : radi cal
being at an a!rié)e} oxygt%%gs]?ltadién. kbg?filﬁrgﬁp]tlﬁ}%g egg?rpﬁ{vés of Bﬁsekélyaﬁgvt\?eg aci ds

i ncl ude net hoxastatould nacngniie dlimit thei tekays allenixiy @rg afyloxiy mumstoictind] @guisialents to

2,6-di-tert-butyl.ghen al um, num di ¢hl or.i d met.hoxy ,net hy] al und num
chiori de. 2, euIRPRE ARt RO R RS Ferm RRHRRENY GEiegtio s fadicdt

| sopr opoxygal kéntainihg Gotipaliphatia at ROeANK ¥irictirby theehidica) béitiP bi &ealkody0090]
Goup 13 Lewis acids_useful in this [nventigon may also_have_ the general

fornul a M RC=PpHitiqa. nikbe term ‘aikylagple refers tyg wdicalcedstaining beth sliphatihandei n Rc=00

I's a nonoval e r QGARAC Lagd ) Ben ar Lsehected from
t he group conglfogﬁﬁgg of C2° %‘%e C30 %ﬁﬁ%ﬁ&%?ﬁ?g&%ﬁy, Ngmllﬁgéll%l acyl oxy,
t h

al kyl aryl acy| examplesdi efal thesei t L¢veis a apdno sthioxy r alighbaridesel ect ed
from the gro L.Sting to Al kvl f I |.kyl aryl
and cycl oal kyﬁ&#ﬁﬂ?}%@f@ agﬁélggp?fedz’gt%ﬁ\;% Nhtytpgg}g&kﬁlﬁ%ér rc@rﬁ ¢ 3 and m

IS a nunber f netholyt mefhylaluminum chloride, 2,6-di-tert-butylphenoxy methylaluminum

chloride, isopropoxygallium dichloride and phenoxy methylindium fluoride.

[0090] Group 13 Lewis acids useful in this invention may also have the
general formula M(RC=OO0),R'wX3-(mtn); Wherein M is a Group 13 metal; wherein
RC=00 is a monovalent hydrocarbacy! radical selected from the group selected
from the group consisting of C, to Csq alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals; R' is a monovalent hydrocarbon radical selected from
the group consisting of C; to C,; alkyl, aryl, arylatkyl, alkylaryl and cycloalkyl
radicals as defined above; n is a number from 0 to 3 and m is a number from 0 to 3
such that the sum of » and m is not more than 3; X is a halogen independently
selected from the group consisting of fluorine, chlorine, bromine, and iodine,
preferably chlorine. X may also be a psuedohalogen. For the purposes of this
invention and the claims thereto pseudohalogen is defined to be an azide, an
isocyanate, a thiocyanate, an isothiocyanate or a cyanide. The term
"arylalkylacyloxy" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an alkyacyloxy position.  The term
"alkylarylacyloxy" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an arylacyloxy position. Non-limiting examples of



such that the sumof n and mis not nore than 3; X is a hal ogen
I ndependently selected fromthe group consisting of fluorine, chlorine,
brom ne, and iodine, preferably chlorine. X may also be a psuedohal ogen.

For the p this invention and the clainms thergiQubsf | ogen is
defi ned tg&@gﬁ@ﬁ.s%fzz? de, an isocyanate, a thiocyanate, ar;ﬁll]sot I ocyanat e or

a cyanide. The term "aryl al kyl acyl oxy" _refers to a radical containing both
al i phatic and aromatic structures, t he?¥ adi cal bei ng at an al kyacyl oxy
position. The term "alkylaryl acyl oxy" refers to a radical containing both

aliphatic and,aromatic .structures. the radical,being at an arylacyl oxy
posi ti on. Nong}eFEiri?Wga‘é‘E%ﬁ?ﬁq 6@%@2@&% %ﬁc%‘tﬁ%@éﬁwﬁ%%% 24
these Lew s agibgisinide, ety ehl i alifkbrayeth i celbokpitumBanzaydripey alqgum num
di brom de, benzoyl oxygal | ium_difl uoride, nethyl acetoxyal um num chloride,
and i sopr opoiseBRpeHemindivndrichderidée. [ 00911 The Group 15 Lewis acids have
the general formula MX,;, wherein Mis a Goup 15 netal and X is a hal ogen

i ndependent|ly selected fromthe group consisting of fluorine, chlorine,
brom ne, and [M@the, prEiecGmiop\tS devixdcis havelthy geseralFormula MG, whemey al so be

a psuedohal ogep. Fqr t r-po . of this.invention an he .cl ains thereto
pseudohal ogengfés %@ﬂ“ﬂgg "?%alt?é‘ﬁ xlsfz}?"iﬂﬁm MW@@E@J@&&&&%“ e gXPhat e, an
i sot hi ocyanat gorfstifg 6F Aibrie, chiGHind, bitniihé) Gné Y, Qﬁeférﬁlﬂ* GHRrin@BAd pRNY

hexachori de, anti ITD(I’B/( hexaf | uori de, _and arseni c pentaf] uoride. The G oup 15
Lewi s aci ds miy# 81 50X deat alsoPeropsuedohalogem & or fhsaruspospneiagisinvention and i t i ng

exanpl es i ncl wde.janti ' Of,| NG st Ll ri de,

bi smuth tri ch#%r ?I%Eeﬁsaﬁgﬂgjr g%ﬁ?@#ﬁ%?? gﬁl!tlégt froagfl’agfal{z e a’?d%}%ﬁﬂag’)gup 15

Lewi s aci ds u$edayendtey arhiisothingyanate oor aegyaside.oNopalimitihge exgraples dhclader nul a
MR'Xy.,,; wherein Mis G:oup 15 netal . wherein Ri.Ss a noyal .ent

hydr ocar bon r & iéeé‘f‘ég?% ’quyhéc’apgﬁbd%t%@%ﬁlﬁdm&a \‘Enqeb @fz al kyl ,
aryl, aryl al k@Broupal K Lbwisydciddntlayc ¥ied oattdis lmdra dha0b1; typd df RalogerdaNNbit eger from

O to4; yis 3,.4 or 5 such that nis than_y; Xis a_hal ggen

. 4 ( . | e . jyele[c]
i ndependent | yh ting- gxdmples include antimony chlo1§13e pentafluoride, arsenic tnf? oride,

bismuth trichloride and arsenic fluoride tetrachloride.

[0092] Group 15 Lewis acids useful in this invention may also have the
general formula MR.Xy.,; wherein M is a Group 15 metal; wherein R is a
monovalent hydrocarbon radical selected from the group consisting of C; to Ci,
alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl radicals; and # is an integer from 0
to 4; y is 3, 4 or 5 such that » is less than y; X is a halogen independently selected
from the group consisting of fluorine, chlorine, bromine, and iodine, preferably
chlorine. X may also be a pseudohalogen. For the purposes of this invention and
the claims thereto pseudohalogen is defined to be an azide, an isocyanate, a
thiocyanate, an isothiocyanate or a cyanide. The term "arylalkyl" refers to a
radical containing both aliphatic and aromatic structures, the radical being at an
alky! position. The term "alkylaryl" refers to a radical containing both aliphatic
and aromatic structures, the radical being at an aryl position. Non-limiting
examples of these Lewis acids ‘include tetraphenylantimony chloride and

triphenylantimony dichloride.

[0093) Group 15 Lewis acids useful in this invention may also have the
general formula M(RO),R'nXy.imin), wherein M is a Group 15 metal, wherein RO



fromthe group consisting of fluorine, chlorine, brom ne, and iodine,
preferably chlorine. X may al so be a pseudohal ogen. For the purposes of
this invention and the clains thereto pseudohal ogen is defined to be an

azi de, a thiocyanate, an isothiocyanat Aofagkssle. The
term™ aryl‘gﬁ 4%9&5 ers to a radical containing both e‘l’@g%atlc and aromatic

structures, the rad| cal being at an alkyl position. The term "al kyl aryl "
refers to a radical contai ning both alifphatic and aromatic structures, the
radi cal being at an aryl position. Non-limting exarrpl es of these Lew s

G chlor i de. [ BaapRRASHYPyEEScalRY rif et o eREEHBR PR iy i o
have the geneguahlkbﬁyr’r‘miy xy RY)lA XYZ(Yz{llﬂ?laxyI)o wﬁ&fce]sﬂwissa&n&dvul&ntﬁ met al ,

wherei n RO WO 2004/ 058 9 PCT/ US2003/,040858 25 i s nonaoval eng drocar boxy
radi cal sel ech¥Horan § the; gtRYp S‘PDSE‘?“E(S’?C@B G R@X ‘“’ﬁ 1yl oxy,

aryl al koxy. abiounanudiein a6 GRlodlkyl adighs 3s BERRUALEAL n UATAGRE RaR " adi cal

selected fromf onsisting of CI to Cl2 al aryl, ary al kyl ,
al kyl arvyl andOWémhmwnnmet&DmOatgmﬂwea,‘hbbﬁxeuchrﬂmt@%mwmeﬁreg@r from 0

to 4 and mis_an ch that the sum of
nand mis | 'é’gi lﬁsﬁgﬁg )&' i%51AL8 g@eng?ﬁﬁgesﬁggf&g% ﬂfe@é"é’t‘é’&s"%}n&n t he

gL ?)up conSI st bflﬂuorﬁ‘fe, Elllldﬁllid rbeomﬁalhmlﬂlmﬁne,tmefme.bﬁ chidtthel Kdmaye%als@hrbefaer ably

chl ori ne. e a suedohal oge For the purp .0 IS invention
and the cl ai negqeﬁ@ra& Ee'ﬁ hen BPBgss ols thiss ARYeBHOR, GG Flams erefo

i socyanat e, EeﬁH&ﬁng@ﬁltﬁ de@fﬁed'tﬁ%é“aﬂ%&ataﬁ i%[)cﬁmﬁt\fa@' ffoc 5ifke, t4e purposes
of this |nvenP| on, one skilled in the art would recognize ?hat the terns

al koxy and ar W&&qpymaée @t&Q)@mdﬁaFOleﬂ}ame%ﬁﬂtOffhlmeamﬂmmmﬂléﬂidnﬂkﬂenom des
respectively. I a{ ] bot h
aliphatic and arona @E%@@%M%&éﬁﬂaﬁ%&?ﬂ%%&}&gel ng at an a %d}%/%gpom tion.
The term "al kylkaxigés' antleﬁlﬁnmldes raspeetﬁmt;aﬂhemhalwlal&m@dtrhfead tophaatlical and
aromati c structur.es, e radjcal beln at ana 0 sition. n-limting
ool oo of |t fentung ouk AiafeS Rt Rome Hembleab et Hoathos

position. The term "alkylaryl" refers toa radlcal containing both aliphatic and

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

examples of these Lewis acids include tetrachloromethoxyantimony,

dimethoxytrichloroantimony, dichloromethoxyarsine, chlorodimethoxyarsine, and

difluoromethoxyarsine.

[0094] Group 15 Lewis acids useful in this invention may also have the
general formula MRC=O0)R'nXy.un); wherein M is a Group 15 metal;
wherein RC=00 is 2 monovalent hydrocarbacyloxy radical selected from the
group consisting of C; to Cjp alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals; R’ is a monovalent hydrocarbon radical selected from
the group consisting of C; to Cj, 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' S such that the sum of » and m is less than y; X is a halogen
independently selected from the group consisting of fluorine, chlorine, bromine,
and iodine, preferably chlorine. X may also be a psuedohalogen. For the
purposes of this invention and the claims thereto pseudohalogen is defined to be
an azide, an isocyanate, a thiocyanate, an isothiocyanate or a cyanide. The term

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



di met hoxyt ri chl or oanti nony, dichl oronet hoxyarsi ne, chl orodi net hoxyar si ne,
and difluoronethoxyarsine. [0094] G oup 15 Lewis acids useful in this
invention may al so have the general fornmula M RC=0OO nR i Xy.(mtn); wherein M
is a GOU%%OWSQAZb wherein RC=00 i s a nonoval ent hydpegashierobdayy radical
selected fromthé group consisting of C2 to C3o0 al kacyl oxy, aryl acyl oxy,
aryl al kyl acyl oxy, alkylarylacyloxy radpgals; R is a monoval ent hydrocarbon
radi cal selected from the group consisting of ClL to Cl12 al kyl, aryl,
aryl al kyl, al kylaryl and cycl oal kyl radicals as defined above; n is an

i nteger from a i 0 eger, fr y 18,3, or 5 such
that the sumo %ﬂgﬁdraﬁn% |niéald gggbét an&y;anx a;ﬂ?agyl{j]’gi og%s?fqu'r nde%lgn gﬁ% |y

sel ect ed from"slkdarylasploxy’bmeferst iong redicdl| eontainieg both aliplmtic dndoadometic and

i odi ne, preferably chlorine.. X al so_be a psuedghal.ogen. For.th

pur poses of tﬁﬁ%c%ﬁ%@heﬁagﬁ%alﬁwgﬁ%né{y}}cﬁgw R%$§?‘b g‘é’hﬁ%’?ﬂﬂ FGeRlep QFdefi ned
to be an azi dese anLe®i3Cyadvidse, iaclufe ocy@mﬁraxacmﬁa@ﬁhﬁhf,cya@aﬁ@a@) a
cyanide. The term_ "aryl al kyl acyl oxy" refers to a radical containing both

al i phati c and i¢ifehigropsimeny, gud bigmpiagetpte thloddn 03/ 040858 26 structures, the
radi cal being at an al kyacyl oxy position. The term "allrylaryl acyl oxy"
refers to a radical containing both aliphatic and aromatic structures, the
radi cal bei ng [@695hn ar yPatigblanky preferiedi loawis hids iapitiei any efthogel wssfubfin t hese
Lewi s acids include agetatot.etraghlo nt i non benzoat.o .

tetrachl or oantFHBRS P"gl?%‘&e At ﬂ%agg{"gﬁgnech‘foﬁ} eIS | BSREIEp . PRI, |
preferred LewuSchiviidds aliiingm afibrofiide! habdaltimiful dichloridy, | @hylaluf@lunirer i zat i on
of isobutyl ene copol yners incluyding: aluymnum tichloride, alum num
tribronide, etfAPchGRIS N dstykERnm éﬁ%ﬂa um uggayi (Hishloridge

di et hyl al um nurBaEMihine scRhiMbALL iy Hiveliheh | dforideTB510% | ARUSHRUM

sesqui chl ori de, dinethylalum numchloride, boron trifluoride, titanium

tetrachl ori de titasium tofrachlogidey etal withnethyleiwinuoy disblosidd aadhsthyhlymimum
sesqui chl ori de, bEl NHBE BLRS FRfrred.

[0096) Lewis acids such as methylaluminoxane (MAQ) and specifically
designed weakly coordinating Lewis acids such as B(CgFs); are also suitable

Lewis acids within the context of the invention.
Initiator

[0097] Initiators useful in this invention are those initiators which are
capable of being complexed in a suitable diluent with the chosen Lewis acid to
yield a complex which rapidly reacts with the olefin thereby forming a
propagating polymer chain. INustrative examples include Brensted acids such as
H,0, HCl, RCOOH (wherein R is an alkyl group), and alkyl halides, such as
(CH;3);CCl, CgHsC(CH3),Cl and (2-Chloro-2,4,4-trimethylpentane).  More
recently, transition metal complexes, such as metallocenes and other such
materials that can act as single site catalyst systems, such as when activated with
weakly coordinating Lewis acids or Lewis acid salts have been used to initiate

isobutylene polymerization.



[0096] Lewi s acids such as nethyl al um noxane (MAO) and specifically

desi gned weakly coordinating Lewis acids such as B(C6F5)3 are al so suitable
Lewis acids within the context of the invention. Initiator [0097]

Initiator Sﬁf‘oﬁ%s j3 this invention are those initiatorgcyWyssodsedosss capable
of being conplexed In a suitable diluent with the chosen Lewms acid to
yield a conplex which rapidly reacts with the olefin thereby formng a
propagating polyner chain. Illustrati vezéxanpl es include Brensted acids such
as H20, HC, RCOCH (wherein Ris an alkyl group), and al kyl halides, such

as (CH3)3Cd, ( 2C and (2-Chloro-2 4 4-trinmethyl pentane). Mre
recently, tra&[ﬁ?rgn ?ef%|°nﬁo?¥g‘?°é‘§&?g1§‘1?cﬁ¢aaf8f naé‘f]afqeosgtﬁ&t ﬁlff&]mbt %r such
materi al s t hatsubstdntially frée oS whigt. eSatistadtiAnt fée/eit watyiSik AEinedSaiClBssABat\BEN

activated with weakly coordinati gtgtbLevai: acids or Lewis acid salts have

been used to iPRAMk(based uponsiohl weisbhal the ramlgstisysiem Rreferghly desa tos 48 ppm,

PCT/ US2003/ 04 gég}a 0 gggl% he cat al yst
system are s% st a?}l?ﬁg%s&&%ﬂ%kﬂrgf Bﬁeée?éﬁi?% ubst aSnHS@T P%@%tgg I%E%V\&/éltgr i's
defined as | eppmt hAewder, yipm wdtersie deleqieshast o initiatozi s added tidr ¢hecatalysy st

systen), preferabl ess than 20 referably |es han, .10 pp
preferably | eégg?%i?nj"%l’ﬁfﬁ“rﬂt a€$’8?t8$§‘g‘]|' QOEB‘ESP&"%%MX L %h{hﬂpbq‘\w fmn%lmen wat er
i s sel ected asvéimbfeigréfafably, grédteri thancSigth (Hasddnpos adtall weight oF Yisd @fal¥se be
present at greater_than 30 ppm preferably greater than 40 ppm and even
more preferablys%Prat er than 50 ppm (based upon total weight of the catal yst
systen). [0099] In a preferred enbodinment the initiator conprises one or
nore of a hydrogen halide, a carboxylic acid, a carboxylic acid halide, a
sul foni ¢ aci d,[0889] al colo? preferisd embpdimgnt the initiagter eomppiseseticiadanorgof &rti ary
aral kyl halid |ar . r P - ar gl : r,. a
tertiary al kyﬁlyg%ﬁélf@gﬁt érc %,{bg%bhcaafcg#, %ﬁ“@%‘ﬁ‘g‘g ,Lé‘gf"éli‘re' %h%% g,%&?f §1/r|| hal i de,
al kyl aryl hal iatt@holpn phenol,ad teytiany aidtyliaalidelea 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.

[00100] Preferred hydrogen halide imitiators include hydrogen chloride,
hydrogen bromide and hydrogen iodide. A particularly preferred hydrogen halide
is hydrogen chloride.

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

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

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

procedures. Carboxylic acid halides useful in this invention include acetyl



[ 00100] Preferred hydrogen halide initiators include hydrogen chloride,

hydr ogen brom de and hydrogen iodide. A particularly preferred hydrogen
halide is hydrogen chloride. [00101] Preferred carboxylic acids included
both ali pt\@hzg‘]@g& gromatic carboxylic acids. Exanpl esp@fpygadsgs i ¢ acids
usef ul AV&ntion include acetic acid, propanoic acid, butanoic
acid; cinnamc acid, benzoic acid, 1- cﬂ{ oroacetic acid, di chI oroacetic
acid, trichloroacetic acid, trifluoroacétic acid, p- chl or obenzoi ¢ acid, and
p-fl uorobenzoic acid. Particularly preferred carboxylic acids i ncI ude
trichl oroacet I B2f ﬁggy rﬁﬁﬁ&&ﬁ

[ 00102] Car bo&@?ﬁ% g«(::et%l %B#nﬂ%é Iisrg#lcﬁhi’ol(ﬁrﬁlg’t |s |llrc1b\}/@r§}td|80n ar eodgl m

structure to triwhlooagktyt chbnde, mﬂuhroadmylshl&nla, ttnﬂum:maqetyl achhnidedmdfm the OH

he cnl or e TBAPRGTRYERarR P iplndinmPin s huichs iR et BlandRe ey ent

carboxylic aChéb‘ﬁyla@onﬂﬂBOVﬁchlBrohJS&ylprdhlbhdér triflako@deey1 S khiokigel bid tpe art
shoul d be fam_liar with these procedures. Carboxylic acid halides useful in

this inventi ofuprbenzad chlogidg) WO 2004/ 058829 PCTI US2003/ 040858 28 chl ori de,
acetyl brom de, cinnanyl chloride, benzoyl chloride, benzoyl brom de,
trichloroacetyl chloride, trifluoroacetylehloride, trifluoroacetyl chloride
and p- fl uor o183}yl chl Bulfosis. atﬁ&'rudeﬁulmrihiyiapmﬁ'eﬂﬁsaﬂwanﬁah eludddsthi ncl ude

acetyl chlorid ace y bro hI oacetyl.chloride. .trifl. oroacetyl
chl ori de and ﬁﬁﬂﬁl baéﬂT 'glﬁqnbci' iaﬁ' O%S'H?%f %fup S‘ch %{gf ‘gsf
initiators inidchids i nvmamlanb@ulfcrmd ude afigf h ﬁﬂm@mﬁmﬁaﬂfo@mmt Iacidsul fonl c
aci ds. Exanpl gffé&aq)pref err.ed sulc{ oni c aC| ds._ include nethanesul fonic aci d,
trifluoromneth methanesulfonic acid and prioBienssakenic,add f oni ¢ acid and

p-tol uenesul fonic acid. [00104] Sulfonic acid halides useful in this
invention are simlar in structure to sulfonic acids with the substitution

of a halide f§i0lffle OH Blfonircacisbhabides usefuliin thivlnvehtior ate siprlar bestfucyor i de,
chloride, br ol gﬁfogxrc Ac?él'x%% th! shg'stljtu %ncoqlaoﬁafligg f(?reﬂlg DH 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
are known in the prior art and one skilled in the art should be familiar with these
procedures. Preferred sulfonic acid halides useful in this invention include
methanesulfonyl chloride, methanesulfonyl bromide, trichloromethanesulfonyl
chloride, trifluoromethanesuifonyl chloride and p-toluenesulfonyl chloride.

[00105] Alcohols useful in this invention include methanol, ethanol,
propanol, 2-propanol, 2-methylpropan-2-ol, cyclohexanol, and benzyl alcohol.
Phenols useful in this invention include phenol; 2-methylpheno}; 2,6-
dimethylphenol; p-chlorophenol; p-fluorophenol; 2,3,4,5,6-pentafluorophenol; and
2-hydroxynaphthalene.



preferred. Preparation of the sulfonic acid halides fromthe parent sulfonic
acids are known in the prior art and one skilled in the art should be
famliar with these procedures. Preferred sulfonic acid halides useful in
this i nvenw 542 met hanesul fonyl chloride, netha #{0 S14bsskr om de,
trichl or onbth anes onyl chloride, trifluoronethanesul tonyl chloride and

p-tol uenesul fonyl chloride. (001051 Algphols useful in this invention

i ncl ude met hanol, ethanol, propanol, 2-propanol, 2-methyl propan-2-ol,

cycl ohexanol, and benzyl al cohol. Phenols useful in this invention include
phenol ; 2-nmethyl phenol; 2,6- dinethyiphenol; p-chlorophenol; p-fluorophenol;
2,3,4,5, 6-pent af | uorophenol ; and 2-hydroxynapht hal ene. WO 2004/ 058829

PCT/ US2003/ 04(@B86] 29 [PRioRd frteieraled amwl taralkyl #litiatbrsaindlvde aertiary
initiators |nclude tertiar unds .represented by the fornula bel ow R3
RLi X R2 n °pEpamdsr ‘Wﬁﬁﬁéﬁ%&&ggg “%ﬁ?ggﬁn, pseudohal ogen, ether, or
ester, or a nlxture thereof, preferably a hal ogen, preferably chloride and
Rl1, R2 and R3 are independently any linear, cyclic or branched chain

al kyls, aryls or arylalkyls, prefefa contgining 1 to 15 carbon atons and
nore preferably 1 to 8 carbon ato tﬂf@ s theé, nunber of initiator sites and
I S a nunber greater than or equal preferably between 1 to 30, nore
preferably n is a nunber from yllal kyl s may be substituted or
unsubstituted. For the purposeslof thi$ invéntijon and any clains thereto,
arylalkyl is defined to nean a conpound contai pi ng both aromatic and
aliphatic structures. Preferred ex rrpIEQ of immtiators include 2-
chloro-2, 4, 4-trinmet hyl pentane ; 2-bxono-2, 4,4 trﬂhethylpentane; 2- chl or o- 2-
nmet hyl propane; 2-brono-2-net hyl propane; 2-chloro-2,4, 4,6, 6-

o. 1,

[00107] wherein X is a halogen, pseudohalogen, ether, or ester, or a mixture
thereof, preferably a halogen, preferably chloride and R}, R2 and R3 are
independently any linear, cyclic or branched chain alkyls, aryls or arylalkyls,
preferably containing 1 to 15 carbon atoms and more preferably 1 to 8 carbon
atoms. n is the number of initiator sites and is a number greater than or equal to 1,
preferably between ! 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, arylalky! 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-2,4,4,6,6-pentamethylheptane; 1-chloro-1-
methylethylbenzene; 1-chloroadamantane; 1-chloroethylbenzene; 1, 4-bis(l-
chloro-1-methylethyl) benzene; 5-tert-butyl-1,3-bis( 1-chioro-1-methylethyl)
benzene; 2-acetdxy—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-



pent anet hyl hept ane; 2-brono-2, 4, 4, 6, 6- pent anet hyl heptane; 1 -chloro-1 -

nmet hyl et hyl benzene; 1-chl or oadamant ane; 1-chl oroet hyl benzene; 1, 4-bis(1-
chl oro-I-methyl ethyl) benzene; 5-tert-butyl-1,3-bis( 1-chloro-1-nmnethylethyl)
benzene; ?\zg(é&wag%- , 4, 4-trimet hyl pentane ; 2-benzoyl oxp¢TAIs2003/040858

tri met hyl pentan - acet oxy- 2- net hyl propane; 2-benzoyl oxy- 2- net hyl pr opane;
2-acet oxy- 2, 4, 4, 6, 6- pent anet hyl hept ane; ;42- benzoyl -2, 4, 4, 6, 6-

pent anet hyl hept ane; 1-acetoxy-I|-nmethyl ethyl benzene; 1-aceotxyadanantane; 1-
benzoyl oxyet hyl benzene; 1, 4-bi s(1-acetoxy-I|-methylethyl) benzene;
5-tert-butyl - | .1-acei. Py X SREDE 24 _

2- met hoxy- 2, 4m§1ﬂ1?1?%3 teﬁyl peﬁzt gxﬁglo%cy gﬁ%ﬁ%’% %ﬂg%%%(tgﬁg 4, 42t r?rﬁgpﬂoﬁgent ane;

2- met hoxy- 2- natyl.poyameshylRettanez y| ox\i-Be boetydalylberg®, US20031040858

30 net hyl prop e XY-:2, 444 I | -he nNe;y 2-h SORL APOXY-

>4 6.6 penRerRONRRIE ool e T RS RabS R

met hoxy adamanbeaene; S-t¢erebingk 81| 1baetieyel -mbidldhyd) Bena@richon);d,5-aB(hy| et hyl)
benzene; 5-tert-butyl-1 3-his( 1- tElhox - |- et hyl et h%/é%oagfnzene and
1,3,5-tri js(l-clﬁ‘?fpt}r eﬁhyk&memyﬁ Pt EHe nilgiere pary & Uspetendt or s can
be found in UpoReseniyhidh R4erdil ookl b iRl FaACHE RGNS ef er ence.

For the purposes of 't invention and the clains ther pseudohal ogen is
defined to beinsenfiopcng dhe dlaimshtheretos psendahzlogen isadefingd dy o ane compoundocyanat e,

an isothiocy £_0r . ni_de. 01 A [ eferred i.pitiator is a
pol ymeric ha?{lhg{el,ga%ﬁ%a%%xiﬂofy teb* Ruqﬁgﬂatse’ grgisgﬁle%cg%"apo?rfr@ ng?id t he

remai ni ng R groups are defined as above. Preferred olefin polyners include
pol yi sobutyl e ol ypr | ene,. and, .. pol yvinylchl.oride. The, polyneric
initiator rray_ﬂﬁy_ﬁ hal @Bef?ré‘irﬁtlpmr ?B‘?\jﬁmelﬂ%&?ll eoﬂ‘@d"faff 't chai n end
or along or i ol BieaR AR Cadl tHetemBRINETR! grofBre bétEnel! &7 iiRyeO!l yITer has

mul tiple hal ogen atons at” tertiary c pendant to or within the
pol yrer , backbpPregerretl hel¢firodpelymeny iaclodai polpisbhungese, Wrolyiprdpyiene, sandonb | i ke

structure and/ qr i chai n branchi ng, dependin the nunber and pl acenent
of e hal ogePOYBHEPGS EhepaReR iR ey g Brlogctatsliogey Gfbon
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.

[00105) Particularly preferred initiators may be any of those useful in
cationic polymerization of isobutylene copolymers inctuding: hydrogen chloride,
2-chloro-2,4,4-trimethylpentane, 2-chioro-2-methylpropane, 1-chloro-1-

methylethylbenzene, and methanol.

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

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



chain end tertiary polyner halide initiator provides a nmethod for producing
a product which may contain block copolyners. [00109] Particularly
preferred initiators may be any of those useful in cationic polynerization
of isobuty. ymers including: hydrogen chloride,

2- chl or o- Z#E’T}ﬁq@(rg@rrbet hyl pent ane, 2-chl oro- 2-net hyl pr opalF\%l:msiLz?%s{\Or'%srs%- | -

nmet hyl et hyl benzene, and net hanol . [001ﬁg¢ Cat al yst system conpositions
useful in this invention typically co ise (1) an initiator and (2) a
Lews acid coinitiator, or other netal conplex(es) herein described. In a

preferred enbqdi . L2\ ' Lntd | J ere from
about 0.1 nol ggle | %{%%01%3%31“5%%@%%&1?‘8 |a§|8'<5it? 8&%%85%%69{)%005% p‘%\é@ tinmes the
mol es of i ni t mbqrefprral embodimantathé unitiimer ipprefant ke dnyvelrdso diore about Ofte Lewi s
acid coinitiato isegﬁres%gt aﬁ?{an wher e, from apout 0.3 V\Dg 04/ 058829

PCT/ US2003/ 048858 Petet oplauty e migipsRer gfer; (i} PLEoYFseHpeersiopd (3t 586t 20 ti nes
the nol es of pplebdePhbun®y SFSMRAtor ark RtiR whthB 18E 5P 6fARGhVERRbnt he initiator is

present at anywhere fromabout 0.1 noles per liter to about 10-6 nol es per
liter. It is of course understood that greater or |esser anounts of

initiator are kil W tRin S I S, Nt i: : anmount
of the catal yy?ﬁ(iahpl oye ewaﬁa&ée%igﬁﬁ ggr%alg%s‘i'sﬂrqggye%n%}ll lg(r:huep ér?é)\%/}\éi]dgeﬁ%&:nd

nol ecul ar wei givlecdiastweightt amh nodledulee welghtdistdiwition ofp thed pobher Thgmgeal |y t he
range will be fr.om.ahout |x10"6 nol, er Liter tp 3 x 10,2 | es; per liter
and nmost pr ef BFOSBFSS 1 %W&%%‘ef%’g%@g%ﬁg?@?lbﬁ‘gﬁxllét@P!es ﬁ‘b]itfrzt]orgocﬁf(gl yst

syst ens usef ulngldd pefliter Anavest preferdBly frbr 10Mes 16DMmRIes per later. Ccat al yst
conposition conprising of a reactive cation and a weakl y-coordi nati ng anion
("WC anion" or "WCA" or "NCA"). The catal yst conposition conprising the WC

anion will in ar ' gn%tmls | b Mo d ﬁhﬁ% ovel
cat al yst syst rg;ﬂ?][ 0011%] §)It\iig:/a y%(g:%tgir1 |{r?§akt?1g%&t§%ir}3ﬂnl S g?%@{cf%adsq an ani on
whi ch either caalyst cootposition domptising of & hreactin¢ caivnandvehivelkly-soandmkting

coordinated t gniE)lq ?"\E’atalm%rr]l“ aF dWCA" or "NCA"). The catalyst composition comprising

the WC anion will include a reactive cation and in certain instances are novel

catalyst systems.

[00113] 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
weakly-coordinating anions include: alkyltris(pentafluorophenyl) boron

(RB(pfp)3°), tetraperfluorophenylboron (B(pfp)4™), tetraperfluorophenylaluminum

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

add to an olefin to create a carbocation.

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

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



when the anion is functioning as the stabilizing anion in this invention the
WCA does not transfer an anionic fragnent or substituent to the cation thus
creating a neutral by-product or other neutral conpound. Preferred exanpl es
of such di nati ng anions include: alkyltris(ganisaidsaassphenyl )

bor on R\é?agb(%‘gﬁ?%tet raper f I uor ophenyl boron (B(pfp)4 ),

t et raperfl uor ophenyl al um num carbor aneg, hal ogenated carboranes and the

| i ke. The cation is any cation that can add to an olefin to create a
carbocation. [00114] The anion may be conbined with the cation by any nethod
known to thogfordfs aBtivhiteda Mikewisd the WC bhiSn fialy be efivatedalighdit the presbR@f er r ed
enbodi nent the. WC anion is introduced into the diluent as a conpound

cont ai ni ng boefthe fatiemproeation gerres whicht is spbsequently intendycesk Ihe peefertede cat al yst
system In an 1!’]&15‘?’ & edi: ?ahﬂh the WC

ani on fragm&*n%Hl %gt ggtmrg [ 0 Eh%aﬁmﬁ eg';chl gggh&%}%le pr gignce of the
cation or reacatnonareomhmadsmdlaﬂewed toeeadt e fon® 265)6roGa8,30e a6 ahBHa03/ 040858
32 anion is ac vat ed. Likew se the WC anion may be activated wi thout the
presence of M.cation or cation source which is subsequent |y introduced.

In a preferred enbodinment a conposition containing the anion and a
conposition containing the cation are conbined and allowed to react to form
a by- product , Meakdy:(ordinating Aneos cation. Weakl y- Coordi nati ng Ani ons [00115]
Any netal or netalloid conmpound capable of form ng an anionic conplex which
is incapable of transferring a substituent or fragnment to the cation to
neutralize thE)O&b&]i on tfmspmciahoemataﬂeidtuoaiponmi capable afhfqmting us @adicag t he WC

anion. In addltl ta o.|dc of . for ordlnatlon
comml ex. wh cnedntes SR T inSonable of R reflog a SRR Rish: & et filu ofteR

conposi ti on woiaukrklzenfie tchorafd Goduceld hélldab mivkicaleSmaynbé sk, asotht ch not

im i d, platinhum angd the |ike. Suitable tall oi ds

l[imted to al unm num
i nclude, but #Hen not aldiPPé’Hyt‘Be tal g metialloidycapphle of formipg jac naﬁﬁlqnhe li ke.
Conpounds  contghglenadhRAIORSHINH Shiter may also be used or contained in a composition

comprising the anion. Suitable metals include, but are not limited to aluminum,

gold, platinum and the like. Suitable metalloids include, but are not limited to,
boron, phosphorus, silicon and the like. Compounds containing anions which
comprise coordination complexes containing a single metal or metalloid atom are,
of course, well known and many, particularly such compounds containing a single
boron atom in the anion portion, are available commercially. In light of this, salts
containing anions comprising a coordination complex containing a single boron

atom are preferred.

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

formula:
[M)1+Q;...QqId
wherein:
M' is a metal or metalloid;
Q1 to Qp are, independently, bridged or unbridged hydride radicals,
dialkylamido radicals, alkoxide and aryloxide radicals, hydrocarbyl and
substituted-hydrocarbyl radicals, halocarbyl and substituted-halocarbyl radicals



conprise coordination conplexes containing a single netal or netalloid atom
are, of course, well known and many, particularly such conpounds contai ni ng
a single boron atomin the anion portion, are available comercially. In

| i ght of t%aﬁﬁ{z&? contai ni ng ani ons conprising a copffhsabdnanessonpl ex
containing a single boron atomare preferred. [00116] In general, WC anions
may be represented by the foll ow ng geng{al formula: [(M)m@ ... Qn]d-
wherein: M is a netal or netalloid; Q"to O are, independently, bridged or
unbri dged hydride radicals, dialkylam do radicals, alkoxide and aryl oxi de

radi cal s, hydr, L J1 L . ' ar byl and
substi t ut ed- hgf2 %@%&r}%‘!ﬁ@?gﬁﬁ‘ @%P@%%‘%gﬁ%%gﬁ%w [@%B%%} 8%%%?8&%33 and
hydr ocar byl atbut tivd eeathhy basofi3{ totQy mey be ghalisleraditdlpi d radi cal s and any one,
but not nore than one of QL to On may be a halide radical; in is an integer
representing the fBYiganinjeges rrpeeseiing dhe formaljvalepcy chargeef Mt al nunber of
ligands g, and d ig§; ' ¢ %5&{ or equal to 1. [00117] It is of
cour se under st ood hﬁ@e#ﬂ%ﬁ%ﬁtbgﬁéﬁ esgrqégtgd; above and bel ow may be counter
bal anced wi th a podiit aniategercdreaterabbnopepuahent. that is renoved before the
anion acts with the cation. The sane is true for cations described for use
with the anions. For exanple, Cp2ZrMe2 may be conbined wth a conposition
conpri sing thgom7pn ( WeAs Ry cotieréhdbistodd ttBat\Wht hintbnbRies@ibed Ribbwe hBve the
Cp2Zr +Me WCA- catal yst. system_ [00118] Preferred WC anions conpri sing boron
may be repres®8loBimBy beneounfes| hatprpedy With rfe pegitivedy whirged pompansnt dwikag -

removed before the anion acts with the cation. The same is true for cations

described for use with the anions. For example, CpyZrMep may be combined
with a composition comprising the anion (WCA-R") where Rt acts with a Me

group to leave the CpyZrtMe WCA- catalfst system.

[00118) Preferred WC anions comprising boron may be represented by the
following general formula:

[BAr1ArpX3X4]
wherein: '

B is a boron in a valence state of 3;

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

X3 and X4 are, independently, hydride radicals, hydrocarbyl and
substituted-hydrocarbyl radicals, halocarbyl and substituted-halocarbyl radicals,
hydrocarbyl- and halocarbyl-substituted organometalloid radicals, disubstituted
pnictogen radicals, substituted chalcogen radicals and halide radicals, with the
proviso that X3 and X4 will not be halide at the same time.

[00119]) In general, Arj and Ary may, independently, be any aromatic of

substituted-aromatic hydrocarbon radical. Suitable aromatic radicals include, but
are not limited to, phenyl, naphthyl and anthracenyl radicals. Suitable substituents



wherein: Bis a boron in a valence state of 3; Arl and Ar2 are the same or
different aromatic or substituted-aromatic hydrocarbon radicals containing
fromabout 6 to about 20 carbon atoms and may be linked to each other

t hrough a ﬁ,bzzg dgl ng group; and X3 and X4 are, indgpepsaeddaess hydride
radi cal s, ocar and substituted-hydrocarbyl radicals, halocarbyl and

substituted halocarbyl radi cals, hydro grbyl and hal ocar byl - substituted
organonetal | oi d radical s, di subst i t ut ed pni ct ogen radi cals, substituted
chal cogen radical s and hal i de radicals, with the proviso that X3 and X4

w1 not be hahiiea R 3R o8 i MRocak B0 AR AcAROKR e el 2 T

i ndependent |y, be any aro ut etl- aron‘a n radical.
Sui t abl e ar ondiniited rte;jhpchbmrhym’adldﬂs, érgénomeetatlofdotadidaty taH«d»xy and rﬂnﬂmw :

B

include, but %Eﬁ’tﬂ%txg‘ma%ﬂubshhﬁhﬂrﬁ@ E@ortl{bl/?de%&r Parh, reBEVCR | tBe
organonetal | oid radicals, &l koxy and aryloxy radicals, fluorocarbyl and

f 1 uor ohydr ocarchnbbnatmdzlsdmhdechtmdthétberdnldﬂﬁnsWdimaathbmasBothD%eindIX@ar% and X4.
The substituent may be ortho, neta or para, relative to the carbon atons
bonded to t he hyduooarbyliradicalyash resiyt teethe samenon shdiffereah aroxtia e ﬂd)stlﬂuSCdf ocar byl

romat i ¢ 1 ai AaatE il ARCARY oft A bF R A The € fligL e
branched  al kg1, BhK&RY |or Cdlictlyf Yyadikal! 30kyehé hyﬁrd&%bhcraﬁﬁé&irgﬁ%bﬂfylfad' cal or

an al kyl - substltut ed cgé:l I C hydrocar bori radi'cal. As i1ndicated above, Arl

and Art could Sb@hhmtdﬂwe hlﬂrwatmrad(@loﬁsxﬁlcﬂtﬂdr@w% Arxand Ady seuldibg al so be
|l i nked to each, t hy ough,  a sui rid gr.ouyp 00120]
IIlustrative, q’é‘g Wotlﬂﬁﬁtmtorag %R%tf}b%ésangf 7% Se&ﬁﬁ'élk@%[ﬁ%e%io@ﬁr may be
used as WC anl ar e @1 gval ent._boron conpounds such as

tetra(phenyl)b '(%la? P 3%’8 18??70)“80r0n tetra(o-tolyl)boron,

[00120] Ilustrative, 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-flucromethylphenyl)boron and the like.

[00121]} 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
compounds as well as useful compounds containing other metals or metalloids
would be readily apparent to those skilled in the art from the foregoing general

discussion and formulae.

[00122] A particularly preferred WC anion comprising boron may be
represented by the following general formula:

[B(CeF5)3Ql-

wherein:



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

di met hyl phenyl ) boron, (p-tri-fluoronethyl phenyl)boron and the |ike. [00121]
Simlar lists of suitable conponents containing other nmetals and netall oids
whi ch are | WC ani ons nmay be made, but such |i sfEgd603nedsss deenmed
necessary \Hé%é&lcogﬁs%? ete disclosure. In this regard, it should be noted that
the foregoing list is not intended to b:gs exhaustive and that other useful
boron conpounds as well as useful conmpoOunds containing other netals ar
netalloids would be readily apparent to those skilled in the art fromthe

f or egoi ng gener al ' [ | ae. Al i rly preferred
WC ani on conpri si n% %‘?&S%E’rrggs g%gm;r é%r S%ﬁgcfg‘g%/szﬁ%égo {“(g)e\imﬁ% %‘%\éeral

formul a: [ B( CoktSna (mitinpeexmimples\eT B26} pEEBEtEd9 WCT 1hi6A9 @8HDARD HorodS F i S

fluorine, Cis, carbon and B, .and Q. are, a ef.i ned aboye. |llustrative but
not limting, Etg‘%o?ahfﬁ’é}éeée R %?P%ﬁe&@d‘?ﬁ?‘rgﬂss ﬁn‘ﬁr’ingfhﬂ bb‘B’ﬁnn
triphenyl net hwcloiﬁkﬁsoﬂé@ﬁ&ﬁ &2 Wiser@ QSis R Byt 1I8RIRICRIy1 SF feASite @Rl . butyl,

cycl ohexyl, or" pheny ere Qis a polynmeric hydrocarbyl of indefinite
chai n | engt hlengibisuehsaspelyptyrspe cprdyisopseng; expohepisamethylsyrapepar anet hyl st yr ene.
[00123] Polyneric Q substituents on the nost preferred anion offer the
advant age of providing a highly soluble ion-exchange activator conponent and
final catal ysf001Z3]jl ubl ePotyatrearicy @t subatitdéris oprthe micsd peefarel afive ffer dieer r ed over

i nsol ubl e waxe oils, or,solids . because.they . can b iluted to a desired
concentrati ona‘i{}ﬁﬂtag%lﬂf B@Wﬁ%gg&"?%aglﬁs PRI @Sx%p%cg&mnﬁ%md in
commer ci al  pfipgessapst. [ SOLBR] cAMiyad i M0Gr GREG RN Bt Bfted Wretkiréd/ oRér bOr on

atons may be represented by the follow ng general fornulae: )
[ (CX) a( BX' ) mxisplable waxes, oils, or solids because they can be diluted to a desired

concentration and can be transferred easily using simple equipment in commercial

processes.
[00124) WC anions containing a plurality of boron atoms may be
represented by the following general formulae:
[(CX)a(BX)mX"b]¢-
or
[[(CX6)aBX7)m(X8)p]c-]2Tn+]d-
wherein:

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

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

aand b are integers > 0;

¢ is an integer > 1;

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

m is an integer ranging from 5 to about 22;

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

¢ is an integer > 2;



or [[[(CX6)a(BX7)m X8)b]c-]2Tn+]d- wherein: X, X X', X6, X7 and Xg are,

i ndependently, hydride radicals, halide radicals, hydrocarbyl radicals,
substi t ut ed- hydrocar byl radicals, hal ocarbyl radicals,

substi t ut ed- yl radicals, or hydrocarbyl- or halgegyg shagtituted
organonetgﬁpgﬁ%ﬁﬁg%?cals; Tis atransition netal, preferab??&gﬁgroup 8, 9,
or 10 netal, preferably nickel, cobalt3%r iron; a and b are integers > O;
cis aninteger> 1, a + b + ¢ = an even-hunbered integer from2 to about 8;
inis an integer ranging from5 to about 22; a and b are the sane or a

different integer 0, L I [q:> 2, 0 829 PCT/ US2003/ 040858
36 a + b +c = an g\%’n@r}]u%ng%{d&mﬁ%ge&épwg?rof}rgghg?Ooé{é’gg%t 8, mis an integer

from6 to about 12inisah inteper fromégeabsutdd; that 2c - n = d; and d is an

i nteger > 1. [00125}l ' Exanpl %{s) of.. pr e_fg.rr d WC anions of this invention
conprising a pl ur & Wynseensychhaties i fffude: (1) A borane or carborane
ani on satisfying thg 49aRka&l> formul a: [ (CH) ax(BH) bxl cx- wherein: ax is
either O or 1; cx is either | or 2; ax+cx=2;

[00125] ° 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 O or 1;
¢x 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)bylY-

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

general formula:
[{CH)az(BH)mz(H)bz]cZ-]Mnz+]dz-

wherein:
az is an integer from 0 to 2;
bz is an integer from 0 to 2;
cz is either 2 or 3;

mz is an integer from about 9 to 11;



bx is an integer ranging fromabout 10 to 12; or (2) A borane or carborane
or a neutral borane or carborane conpound satisfying the general formula:
[ (CH)ay(BH) ny(H) byl cY- wherein: ay is an integer fromO to 2; by is an

i nteger fr . cy is an integer fromO to 3; ay =4 s an
SRttty ECYONTD

I nteger froma o0 about 18; or (3) A netallaborane or ar bor ane
anion satisfying the following general formula:

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

bz is an integer fromO to 2; cz is either 2 or 3; nz is an integer from
about 9 to 11; WO 2094/ Q58824293€43F/ US2003/ 040858 37 az+bz+cz=4; and nz and

dz are, respectively’ 03T SAT 3 and 1. [00126] Illustrative, but not

limting, exanpl esnfindifz 2 ir&péctively]| 2181 2 orCPdrddor.anes such as dodecabor at e,
decachl or odecaborate, dodecachl orododecaborate, 1-carbadecabor at e,

1- car badecaborate, |- trinmethylsilyl-I-carbadecaborate; Borane and carborane

conpl exes and bgs of %35 &qﬁ.@ﬂﬁ £ b &s\a,%@;‘ cabor ane(14),

7,8-di car badeyg%or]ane(l : g S’img}lcar aﬁgeca@oér)ane 1 ,Sﬁﬁhﬁg'

undecahydri do- 7, 8- clirbagtimg| - 7 ,s8ekdi c aasbaunkiderabamtene, decachlorodecaborate,
dodecachlorododecaborate, 1-carbadecaborate, 1-carbadecaborate, 1-
trimethylsilyl-1-carbadecaborate;

Borane and carborane complexes and salts of borane and carborane anions
such as decaborane(14), 7,8-dicarbadecaborane(13), 2,7-
dicarbaundecaborane(13), undecahydrido-7,8—dimethyl-7,8—dicarbaundecaborane,
6-carbadecaborate(12), 7-carbaundecaborate, 7,8-dicarbaudecaborate; and

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

~ cobaltate(IIT) and bis(undecahydrido-7-carbaundecaborato) cobaltate(IIT).

[00127] The WC anion compositions most preferred for forming the
catalyst system used in this process are those containing a trisperfluorophenyl
boron, tetrapentafiluorphenyl boron anion and / or two or more
trispentafluoropheny! boron anion groups covalently bond to a central atomic

molecular or polymeric complex or particle.

Cationic component

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

cations and cation sources.



6- car badecaborate(12), 7-carbaundecaborate, 7, 8-dicarbaudecaborate; and
Met al | abor ane ani ons such 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(l 'ﬁb&o&@%ﬁdﬁdecahyd” do- 7, 8- di car baundecabor at o)%f,g%&ghg,@f,,ggl 1),
I do- 7, [

bi s(undecahydr 8- di car baunaborat o) nickelate(lll), onahydri do- 7, 8-
di net hyl -7, 8-di car baundecaborato)ferrate(ll11), bis(tribronooctahydrido-7, 8-
di car baundecaborat o) cobaltate(ll11), bise ndecahydri dodi car badodecabor at 0)
cobaltate(lll) and bi s(undecahydri do-7-car baundecaborato) cobaltate(lll).
[00127] The WC ani on conpositions nost preferred for formng the catalyst
systemused in this process are those containing a trisperfluorophenyl

boron, tetrap¢giiad) uor phane prefepredlagsrs ee: and / or two or nore
tri spentafl uorophenyl boron anjon groups covalently bond to a central atomc

mol ecul ar or pol ymeri ¢ @¥npl @elopentastienyi ¢| Eansiben; optetal coptapieies [ amti28] | n
various preferred enbodi ment g Qftidelinirdofventi on the WC anion is conbined
with one or nore cations that are selected fromdifferent classes of

cations and cation sour@ds. a@bgiiowdcadeatioP@hosSXETRIsEN0SSpre3dit¢dd01291
Some preferred cl asses are: é%eg%%luf&pent adi enyl transition netal conpl exes
and derivatives thereof. ( y stituted carbocation whose conposition is
represented by the formula: RL R Z +-R3 wherein RI, R2 and R3 are

hydr ogen, al kyl, aryl, aral kyl groups or derivatives thereof, preferably C
to C30 al kyl, aryl, aral kyl groups or ivatives thereof; (C) substituted
silylium preferably those representnad—@-y—ﬁﬁe

wherein Ry, 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

“formula;

wherein Ry, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably Cj to C3 alkyl, aryl, aralkyl groups or derivatives thereof;

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

which are represented by the formula:
gt
RyR¥ Ry

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



formula: 11 R2 9+-R3 wherein RI, R2 and R3 are hydrogen, al kyl, aryl,

aral kyl groups or derivatives thereof, preferably d to C30 al kyl, aryl,
aral kyl groups or derivatives thereof; (D) conpositions capable of
generati ng - and (E) cationic conmpositions of g n or

| ead, sorre“g}ﬁﬁ%ﬁ%c}ﬁ are represented by the formul a: Rlﬁé%giommﬁsbv\her ein
RI, R2 and R3 are hydrogen, alkyl, aryl, aral kyl groups or derivatives
thereof, preferably d to C30 al kyI, arfl9, aral kyl groups or derivatives
thereof, and R* is Ge, Sn or Pb. WO 2004/058829 PCT/US2003/ 040858 39 A
Cycl opent adi engl C%t ael | &eriléﬁt i ie/-uﬁ -] %0130] Preferred cycl opent adi enyl
transition net=s IVeS ansition metals that are a nono-,
bis- or tris- cyclopentadienyl derivative of a group 4, 5 or 6 transition
metal, prefera non cl opent adi enyl no or, bis-cycl opent adi enyl
(Bi's-Cp) gr oudﬂgﬁlﬁ] ansi ?’F%Y?F%F&‘F lopeptadisa ltgréﬁ’%t“m sastali demrvaives mpelude coni um
titani umor hafaLe ?nfé'iﬁ?soﬁiag ku%? moﬁQ%%llor B‘isefc?élBﬁéintﬁY&JyPHé}E\Faﬁ% 6ry!
derivatives (cation sources) that nm nmbi ned w t h weakl y-coordi nati ng
ani ons are reggresehteor §jranditdont mbtab\mefgrablﬁr@rmmtaetcl@ﬁm@@:nMJ(Mono{Op) Cp) ML+;

Cp* Y-M - CpR . bis-cyclopentadienyl (Bis-Cp) group 4 transition metal compositions,

particularly a zirconium, titanium or hafnium compositions.

[00131) Preferred cyclopentadienyl derivatives (cation sources) that may be
combined with weakly-coordinating anions are represented by the following
formulae:
(A-CpMXy
(A-Cp)MLt;
™
Y—M"

|
CpR



WD 2004/ 058829 PCT/ US2003/040858 40 (5 H5-Y-x Sx) X (z-1-y) Y and (5
H5-Y-x Sx ) M R, / \\ XY wherein: (A-Cp) is either (Cp)(Cp*) or

Cp-A -Cp*; Cp and Cp* are the sanme or different cycl opentadi enyl rings
substitut g Wﬁo?ss%i omzero to five substituent groups g/ @36d30%0885t 1 t uent
group S bel Ré i ndependently, a radical group which is a hydrocarbyl,

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

hydr ocar byl - substituted organonetal | oi d;” hal ocar byl - substituted
organonetal | oi d, disubstituted boron, disubstituted pnictogen, substituted
chal cogen or hal ogen radical ¢ & Cp gnd Cp* are cycl opentadi enyl rings in
whi ch any two adjacent S group3 &r¥*j okned forming a C4 to C20 ring to give

a saturated or unsaturated petycyclic cl opentadienyl Iligand; Ris a
substituent on one of t 'y cl opent adi enyl ,,fadi cal s which is also bonded to
the netal atom A is a’bridgi ng group, I group may serve to restrict
rotation of the Cp and Cp*\ngs or ( -y-x3) and JR (z-1-y) groups; M

is agroup 4, 5 or 6 transitjggn netal; vyi sOorl;Xl(,CSHS-y-xSx) is a
cycl opentadi enyl ring substitute® W& fromzero to;énde Sradicals;, x is
fromO to 5 denoting the degree of substitution;

(cs HE-y-—x Sx )

~
SN

b4

wherein:

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

Cp and Cp* are the same or different cyclopentadienyl rings subsﬁtuted
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
punictogen, substituted chalcogen or halogen radicals, or Cp and Cp* are
cyclopentadienyl rings in which any two adjacent S groups are joined forming a
C4 to Coq ring to give a saturated or unsaturated polycyclic cyclopentadienyl
ligand;

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

A is a bridging group, which group may serve to restrict rotation of the Cp
and Cp* rings or (C5H5.y.xSy) and JR'(5.].y) groups;

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

yisOorl;

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

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



WD 2004/ 058829 PCTI US2003/ 040858 41 JR (z-1-y) is a heteroatomligand in
which J is a group 15 elenent with a coordination nunber of three or a
group 16 elenent with a coordination nunber of 2, preferably nitrogen,
phosphor usy, (}Qf‘g’%ﬁr sul fur; R' is a hydrocarbyl grouppcwi€beisasssy an al kyl
group; X ang are independently a hydride radical, hydrocarbyl radical,
substituted hydrocarbyl radical, halocagbyl radical, substituted hal ocarbyl
radi cal, and hydrocarbyl- and hal ocar byl - substituted organonetal |l oid

radi cal, substituted pnictogen radical, or substituted chal cogen radicals;
and L is an ol efi mpidi ol eki i t WMasmhase.
[00132] Addi ti onal Jl}:%cf@ﬁ%r???%?%%‘?{rﬁ?%ﬁrgp%un h? Sa‘?gfr?ﬁy Ig?led’g‘g’d mq‘t hi s

i nvention ar ecslegiaitidaesniber bf freeRat£H0uPNIS elcheRbWith 3G ooRlimafidn hlifiberd, 198, 401
and 5,096,867, which are incorporated by reference herein. B. Substituted
Car bocat i ons phdpreferablysitragen. phespbprus Pxygen FSWBh t he cation is substituted

carbocations. Pregef dﬁ?é%gi i that are represented by
the forrmula: Rl ?sz{ %_agg' wher |%&I%’?E%gg%gﬂ@g@gsﬁndependentIy hydr ogen,

or a linear, brancKeandbiX] execlindependentiyt iachyiridal ragical; i lydgpeathys radicadf er ably a
Cl to C20 aromatic or aliphatics group, provided that only one of R, R2 or

R3 may be hydfuhgtitgted hydepcarbyk sedicelghalacasyd radicel. sybytituted hpdpcarbyl radicaks are H
Pr ef d i i | i | d.the |ike.
P of orrod al § i pREodRO 66 BIGRKY subftobld| orgdibhitlalofd BRIV lifhue'e, | 55

octyl, nonyl , puiciogén radivele onsubstButed climjdogemtagticals3and, 5- tri met hyl hexyl and t he
like. In a particu}arl ef.er r.ed _enbodi t. when Rl .. and R3 are phenyl
groups, the addi ti%ﬁs #OIgiﬁP’g}oﬁ waogiagnsﬁllg%}%;%q ?%ﬁgﬂ ]CReoVHf’) Y gnificantly
enhances the pol ynerization of isobutylene. WO 2004/ 058829 PCT/ US2003/ 040858

[00132] 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

[00133] Another preferred source for the cation is substituted carbocations.

Preferred examples include substances that are represented by the formula:

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

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

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



42 C. Substituted Silylium Cations [00134) In another preferred enbodi nent,
substituted silylium conpositions, preferably trisubstituted silylium
conpositions are conbined with WCA's to pol ynerize nononers. Preferred
silylium C\@f_}égﬁlﬂﬁsﬁﬁf t hose represented by the fornul a:pdiys2683r09ss83 wher ei n
R, R2 and , are 1 ndependently hydrogen, or a linear, branched or cyclic
aromatic or aliphatic group, with the %Izovi so that only one of Rl, R2 and R3
may be hydrogen. Preferably, none of R, R2 and R3 are H Preferably, R R2
and R3 are, independently, a Cl to C20 aromatic or aliphatic group. Mre
preferably, R, R2 and R3-are independently a C, to Cs al kyl group.

Exanpl es of useful aromatic groups nay be selected fromthe group

consi sting of CpBabstityted Bilytlum €3tionk and  bi phenyl. Non-1limting 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 yto,omq 3, 5,18 t GhdtRérhy plegomet-  AmBadifkesty! afubititie@! egifyfim 9r oup of
reactive substituted silyliumcations may be selected fromthe group

consi sting of campasitions:| prefesablyutmsubistifuted sy Bwmnydompesitipns are combined with

benzyl di met hyhgt Lyl o] i | . of the
substituted Sm%yt&%%eﬁzg%@ﬁggﬁé Pfﬁ%?%%ﬁ%é@%g%.é@?%eoﬁﬁgg& /| ki nson,
Advanced | nor bpthedorihudari stry, John Wl ey and Sons, New York 1980. Likew se
for stable forns of the cationic tin, germaniumand | ead conpositions and
synthesis thereof, see Dictionary of O ganonetallic conmpounds, Chapman and
Hal I New York 1984. WD 20041058829 P hUSZO 0 310 40 8 58 43 D. Conposition
Capabl e of Generating a Proton [00133 A fourth source for the cation is any

conpound that will produce a pr tonss\hen ignbi ned with the
cﬁQpT ¥
+

weakl y- coordi nati ng ani on or a Tonl\3

wherein Ry, R, and R3, are independently hydrogen, or a linear, branched or cyclic
aromatic or aliphatic group, with the proviso that only one of R;, R; and R; may
be hydrogen. Preferably, none of Ry, R; and Ry are H. Preferably, R; R; and Rj
are, independently, a C; to Cyo aromatic or aliphatic group. More preferably, R;,
R; ahd R; are independently a C; 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,

[00135] For a discussion of stable forms of the substituted silylium and
synthesis thereof, see F.A. Cotton, G. Wilkinson, Advanced Inorganic Chemistry,

* John Wiley and Sons, New York 1980. Likewise for stable forms of the cationic
tin, germanium and lead compositions and synthesis thereof, see Dictionary of
Organometallic compounds, Chapman and Hall New York 1984,



cont ai ni ng a weakl y-coordi nati ng anion. Protons may be generated fromthe
reaction of a stable carbocation salt which contains a weakly-coordinating,
non- nucl eophilic anion with water, alcohol or phenol present to produce the
pr ot on an%og&gm@giespondi ng by-product, (ether in theaasoisdss al cohol

or phenol ‘an al cohol in the case of water). Such reaction may be preferred
in the event that the reaction of the garbocation salt is faster with the
protonated additive as conpared wth its reaction with the olefin. Oher
proton generating reactants include thiols, carboxylic acids, and the |ike.
Simlar chem 5t CofPodBYn OfpdbRAf GRbraithd IPRtdnyY! i Um type catalysts. In a
particul arly preferred empodr ment, enm R, R2 and R3 are phenyl groups,
the addition of an aliphatic or aromatic al cohol significantly enhances the
pol ymeri zati o I sobut gl ene. n [ t hod erate a proton
conpri ses con@f)#lﬂg a g‘%"ﬁ%@‘ sf’m[gg?c{]:;rr%%%%éﬂgﬁr%@glc%ﬁ?ﬁ@e@%ﬁ@&?@%? &m with
wat er, such agroloy whensombined withvetie wetklydeovirdinatingt irdop log S B@Bpasftion Lew s
base that does not interfere with,

pol.ymerj zati on, such as olefin. It has
been obser ved®iRing Reeakly-gogrdingting anioz; |, Frotgas may b ﬁ?‘?ﬁ”é?da%§mp§'@sent with

the group 1 OfeactiolBifal statlé chrBEcaliBh S4lt whicR'cBh@ihs o wedk®l65Rligkting! Ro Preferred
enbodi nent the weakl y-coordi nati ngl anion is also present In the "wet"
P

di | uent such musigophilic pnien pvdthavagest alpahobentdenal deesamde producejhepivton andr 2 net al

I s added. ACT, 9%!@“1 \4 0 e Ic€ | Bl tal
Conmpounds [OO{ng]0 e @gtbiﬁgm’xﬂh%@ a?&cg%s?g)r{sﬁ%éﬁqﬁﬁi@c%‘ﬁg@eg}@onbi ned

i nto an act i sleohohirathy sdse iofi water). eSush rdavtionvayyshbe greferned in thetehen thasthieo conbi ne
a conpound WO 2004/ 058829 PCT/ US2Q03/ 0408 44 conprisi.ng the m- with a
second g:orrpou??ﬁct’é’i‘} es?aﬁ]@"cfﬂﬁ‘ﬁ‘ Vi‘ﬁ\s _av'im efﬁg%%eﬂf%@&ad@mgﬁwm%%r oduct and
the active "waakhy rée@stwiR the@efil 20ther prbﬂohg%ei@tingtxla@ct% g tmaynd may

al so be di rectl% conbined with the WCA- to formthe active catal yst system

Typically the ylie a¢idsyisnd he liter Simflar chemistries may be realized with silylium
type catalysts. In a particularly preferred embodiment, when Ry, Ry and R3 are

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

enhances the polymerization of isobutylene.

[00137] 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

[00138) The Cp transition metal cations (CpTm™) can be combined into an

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



cation/cation source in ratios of 1 to 1, however ratios of 100 to 1 (CpTmt
to WCA) also work in the practice of this invention. [00139] Active
cationic catal ysts can be prepared by reacting a transition nmetal conpound

w th sone nﬁg@r“ﬂfﬂgﬁ WI s acids, such as B(C6F6)3n, whi C'}&Pﬁ‘%}msh‘?@%' on with

a hydr ol yz‘g nd (X) of the transition netal conpound tTornms an anion,
such as ([B(C6F5)3(X)]-), which stabilizes the cationic transition netal
speci es generated by the reaction. [001%40] A novel aspect of this invention
is the active carbocationic catalyst conplex which is forned and which can
be represented by the formulae: (A Cp)M-(--CH2--CXR- )g -CH2-- CER+WCA" X1
( A- Cp) M - ( - CHeomyaising- the Cpdap” withoa seatid commpmd cqmms:@g W CAGRhichg

0 2 AR R AR e, L )

- CH2- C&ZNCAT 1, W aromatic
or aliphatic gfrigﬁ)ée tﬁ@ i(:adrq-a U&CFI%?’ a&gqg ﬁ%ﬁ%@%%ﬁgh@?ﬁg is an
i nteger repr eweformripe tabia/e catalyst rsystemnoypieally uhe (WECAnis mopbiret ewlith Hteo t he

growi ng polymer chain, g is
cation/cation source in ratios of 1 to 1, however ratios of 100 to 1 (CpTm™ to

WCA) also work in the practice of this invention.

i)

[00139] Active cationic catalysts can be prepared by reacting a transition

metal compound with some neutral Lewis acids, such as B(CgFg)3y,, which upon
reaction with a hydrolyzable ligand (X) of the transition metal compound forms an
anion, such as ([B(CgF5)3(30]7), which stabilizes the cationic transition metal

species generated by the reaction.

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

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

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

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

o
Y—I\I/I--(--CHZ—-CGz--)g--CHz--CG2+NCA'
CpR



preferably a nunber greater than or equal to 1, preferably a nunber froml
to about 150,000. WCA- is any weakl y-coordi nati ng ani on as descri bed above.
Al'l other synbols are as defined above. [00141] In another enbodinment this
i nvention al so ,Br ovi des active catalyst conpositions %

repr esent YO BB or mul ae: (A-Cp)  WCA- +M - (- - CH2- -

Xl (A-Cp) WD 2004/ 058829 PCT/ US2003/ 040858 46 WCA-
+M-(--CH2--0&2-)g--CH2--C& L Cp* WA +M-(--CH2--C®X@--)g -CH2--C& CpR
(C5H5"Y-x Sx) / \NCA" (A)y Mt (CH2-C&XR-)g -CH2-C& JR (Z-t-Y) Xy Xr and
(C5H5-y-x SO NCA" Mt (CH2-C&X-)g -CH2- & R X Y wherein each Gis

i ndependent|y a aliphatic or aromatic group, preferably a CI to C100
aliphatic or aromatic grou;z ﬁg S a n integer representing the nunber of
nmononer units incorporated pﬁ -y:—m@x)grovm ng polyner chain, g is preferably a
nunber greater than or e to 1, preferably a nunber from1 to about

50, 000.
(A')y (CHg-CGg )g -CH;;-CGZ NCA

2N

IR (z:1y)

-C&x

;and

(CSHS-y-x S )

/ \(CH?_—CGZ-)g -CH,-CG, NCA”

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

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

[00141] In another embodiment this invention also provides active catalyst

compositions which can be represented by the formulae:
(?-Cp)
WCA- +M--(—-CHZ--CGg--)g»CHg--CGz ;
X1

(A-Cp)



WO 2004/ 058829 PCT/ US2003/ 040858 47 WCA- is any weakl y-coordi nati ng ani on
as descri bed above. Al other synbols are as defined above. B. Substituted
Carbocation and Silylium Conpounds [ 001421 Ceneration of trisubstituted
carbocatiqns_an il yliumcations may be perfornmed befggy kgasd he

pol ymer i za‘??&?{)“%ﬁ%ﬁn situ. Pre-formation and isolation of stiﬁgm?:dg?i on or the
stable cation salts may be acconplished by reacting the alkali or alkaline
earth nmetal salt of the weakly-coordi natfi ng anion with the corresponding
hal ogen of the potential carbocation or silyliumsimlarly to nethods known
in the art. Formation of the substituted carbocations or silylium in situ
occurs in a simlar manrﬁer to stable salts, but within the vessel and at the
desi red tenperatur -Rql yrenl zegl on._ cfhecedvant age of the latter procedure
is that it is cap?lgfxe_@? %ro ?%qgagggcﬁﬁions or silyliumcations

otherwi se too unstable to be handled by thHe first nmethod. The cation or the
precursor to the <cation is typically usedijn | to 1 ratios with the WCA
however ratios of I to 100 (C+ or Si+ to WCA) also work in the practice of
this invention. [001431 A novgl ,aspect of this invention is the active
carbocationic catalyst conmpl®R which is formed and which can be represented
by the fornulae: RI R H2- 2- * _ INCA- erein each Gis

i ndependent|y hydrogen g@"%ﬁ( E‘&&%I‘Cglﬂoﬂg‘,‘ 2211 &abl y a d to Cl100

al i phatic group, and g is a nAl@teger representing tthe nunber of nononer
units incorporated into the g(;b ng pol ynmer chain, is preferably a nunber
greater than or equal to 1, preferably a nunber froml| to about 150,000. WO
2004/ 058829 PCT/ US2003/ 040858 48 WCA- i s any weakl y-cooidi nati ng ani on as
descri bed above. Al other synbols

(CSHS-y-x Sx)
\NCA'
(AYy /M+——— (CH,-CGy-)g -CHy-CG,
V JR' (Z-l-)f) XY Xy
;and
(CSHS-y-x Sx)
NCA™
/M+—— (CH,-CGy-)g -CHp-CG
Rll Xy

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



are as defined above. [001441 Yet another novel aspect of this invention is
the active carbocationic catalyst conplex which is formed and which can be
represented by the formulae: RR, R2 IS - (CH2-CXR)g -CH2 -C&+ NCK 1 1 R3
wherei n eag | s. [ ndependent |y hydrogen or an aliphati j C group,
preferablﬁ”&zﬁkbggmgloo al i phatic group, and gis a n ﬁg?gggﬁﬁ?ggﬁtsenting
the nunber of nonomer units incorporatgp into the grow ng polyner chain, g
is preferably a nunber greater than or 'equal to |, preferably a nunber from
1 to about 150,000. WCA- is any weakly-coordinating anion as descri bed

above. Al o _synbols are defi ned ahove , Sb, Pb.1001451 In

addi tion cati E}%ﬁ% ‘é@ﬁ%é’?ﬁk]iytﬁ?gﬁag‘?au@%Pﬁlﬁﬁiaﬁﬁ?scpp?flea?"vf’eaﬂro Sy“ﬂ’@itsused in
conbi nati on WhkRs bidimedEhowe, descri bed herein. Preferred conpositions include
t hose which are represented by the formula: 11 R -R* -R 2 + 3 wherein

R ,"R2 and R3 are hydrogen, alkyl, aryl, aral kyl groups or derivatives

t hereof, prefgr . . al . yl groups or derivatives

t her eof, and gé%ﬁ%é%?%@ﬁ@%&“%%Q R* is Ge, Sri or Pb. In a
preferred enbodi nent the R groups are a Cl to C10 alkyl, preferably nethyl,

et hyl, propyl r..outyl dr of Luor ocar bpons Q0146], Hydrof | yorocarbons are
preferably usg}ﬁ‘é@ di | Lﬁ?ﬂ%’tﬁ"ﬁ #%ﬁﬁ%@ ?arboc[atlons "”Jd Swﬁi“m cations may

be performed before use in the polymerization or in situ. Pre-formation and

isolation of the cation or the stable cation salts may be accomplished by reacting
the alkali or alkaline earth metal salt of the weakly-coordinating anion with the
corresponding halogen of the potential carbocation or silylium similarly to
methods known in the art. Formation of the substituted carbocations or silylium
in situ occurs in a similar manner to stable salts, but within the vessel and at the
desired temperature of polymerization. The advantage of the latter procedure is
that it is capable of producing carbocations or silylium cations otherwise foo
unstable to be handled by the first method. The cation or the precursor to the
cation is fypically used in 1 to 1 ratios with the WCA, however ratios of 1 to 100

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

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

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

Ry

R: [ —(CH,~CGy)g=CH,~CG," NCA"
Ry

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



i nvention, alone or in conbination with other hydrofluorocarbons or in
conbi nation with other diluents. For purposes of this invention and the
claims thereto, hydrofluorocarbons ("HFC s" or "HFC') are defined to be
saturated or uns rated conpounds consisting essenti gen,
carbon and"P?Y %é&’ provi ded that at |east one car bo?é%ﬂﬁ(g@gﬁgﬂne

hydr ogen and at |east one fluorine are present. [00147] In certain

enbodi ments, the diluent conprises hydr®tl uorocarbons represented by the
formul a: CZHYFZ wherein x is an integer froml to 40, alternatively from!]l
to 30, alternatively froml to 20, alternatively from1l to 10,

al ternativel ywt%ms1anyove@1dyaqopélmémg\amoy as deveribed aboye. All ethengymbsls) from 3
to 10, alter%tl\égﬁﬁé 9\5@3 to 6, nost preferably from1l to 3, whereiny
and z are integers | east one. [00148] Illustrative exanples include
f1 uoronmet hane; difl uor orret hane; tri fI uor orret hane; fl uoroet hane;

1, 1-di fl uoroe . 1,2-di fl uoroeth frif Iuoroet ane

1, 2-trifl uo&'ﬂﬂgﬁane; 2‘{%1 aRoiveh dgv IWBe? éhlé Invegtion s the active

etraf | uoroet 'E!ﬁ’BS‘daﬁ&niécﬂtal stZooRxAihidl {OBERG N Ehd whith bRY BRI by
| uor opropane; 1, 1-difluoropropane; 1, 2-difluoropropane;
i fl uoropfdvpf meulaez 2. di f| uoropropane; 1,1, 1-trifl uoropropane;
trifluoropropane; 1,1,3- trifluoropropane; 1,2, 2-trifluoropropane;
rifluoropropane; 1,1,1,2- tetrafl uoropropane;
tetrafl uoropropane; 1,1,2,2-tRirafl uoropropane;

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

etrafl uoropropane; 1,1,1, 2, R-pentafl uoropropane;

pent af | uor opropane;_1,1,1, 3 3- penéﬁfl uor opropane;

t
t
3- ;
3- pent af | uor opr opane;R21, 1,2, 33 l3 pent( E%ﬁb&ﬁ@z NCA

2, 3- hexaf | uoropropane; 1,1, 1, F 3, 3- hexaf | uoropropane; 1,1,1,3,3,3 W
8

2,

b

u

1

tet
2-flu
1, 3-di
1,1, 2-
1,2, 3-
1,1,1
1,1, 2,
1,2, 2,
1,1,1
1,1,2
1,1,1,
2004/ 0
1,1,1
1-flu
1, 3-d

t
3-
3-
3-
2
’ ’ 121
2,
058
2
r
f

29 PCTI US20031040858 50 hexpfl uor opr opane;

3, 3- hept af | uoropropane; 1,111, 2, 3, 3, 3- hept afl uor opr opane;

ut ane; 2-fluorobutane; 1, 1- dRiI uor obut ane; 1,2- difl uorobutane;
or obwihafed edkchdads fihdepemdentiphgdrogen? o il laliphatioUsramematlc group,

preferably a C; to Cyg¢ alipbatic group, and g is a n integer representing the

| uoro
i fl

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

_— 2

[60145] 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:
T
—— 3 __._.R
Ry R 3
wherein Ry, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably Cy to C3) alkyl, aryl, aralkyl groups or derivatives thereof, and



orobutane; 1,1,1-trifluorobutane; 1,1,2-trifl uorobutane;
-trifluorobutane; 1,1,4-trifluorobutane; 1,2,2-trifl uorobutane;
-trifluorobutane; 1,3,3- trifluorobutane; 2,2,3-trifluorobutane; 1, 1,
etraf 1,1,1,3- tetrafl uorobutane;

,4-te raI"IauorﬁEut ane; 1,1,2,2-tetrafl uorobutane; chlT 82%031040858

fl uorobutane; 1,1,2,4-tetrafl uorobyfane; 1,1, 3, 3-tetrafl uorobut ane;
,4- tetrafluorobutane; 1,1, 4, 4-tetrafl uorobutane;

, 3-tetrafluorobutane; 1,2, 2, 4- tetrafluorobutane;

3- tetraﬁhqgg}gbgﬁ@,}i% 11,,2a§ ?rfe%té 'dyﬂén?%tﬁ’h%upg’a?e #Cf o Cg

uor obut ane; 2- pent uor o

penhigll pRIRIVN Ayl eﬁl,irllfiloﬁl 4r p@yt af | uor obut ane;

pent af [ Uor obut ane: pent af | uor obut ane;
pent af | uor obut ane; 1,1, 2, 2, 3- pent af | uor obut ane;

pen%g@oﬁggﬁgﬁéﬁge; 1, 1, 2, 3, 3-pent af | uorobut ane; 1,1, 2, 4, 4-
rob 4- pent af | uor obut ane; 1, 2, 2, 3, 3- pent af | uor obut ane;
pent af | uor obut ane , 1, 1,2, 2, 3-hexafl uorobut ane; 1,1,1,2,2,4-

: ,ObUt @iﬁluor 0 I“H uo %nli%%r&g t%&(gﬁiﬁr@ﬂfﬁtﬁﬁbm"‘ present

, 4- hgwahticapr Hén &ﬁiem ]mﬁ}biInaﬁoﬁ with hetka' [hyafoBlaoiodabons or in
, 4- hexaf | uor obut ane; 3, 3-hexaf | uor obut ane;

3-

3-

4-

4-

(0]

4-

:

3,4

3

4

3. 4- hesmbinghsnowith gibst d!iue@fsz liormmqs@aﬁ thisoipention fed the glaimsz 3 4.
gObUt tHafet f(I ]hgﬁxoq}uaro%arﬁoﬁke(‘?ﬂ?@é“ rofp gt ‘ﬁare defined to be saturated or
2
4-
4-
2
3
3
2
u
i

u
1

i

- @=* - -
- = - -

- -
J—
e

o -
— -
iy
c -

o -
® -

HH(»I—H—\I—\HI—\I—\NMI—\NS_HI—\J—\I—\X NSFRRPRRPPTINONNRTRNNRE T
WWOLRARRFPRPPAORNINRRPRINONRRPRD ONDWY H""OOOOC

o -

, 4- hexa obutane; 1,1,1, 2,2, 3, 3-heptafl uorobutane;
, 4, 4uhsapuratéd cemphutis nensisting e&seﬂt;ﬂlyafmydhmpnﬂfalrm oiufieoriag, 1, 1,

o PRI 0 BRE ond cdrogn, 3n o oic 1Y3RIGRS P PR BRE Mudrne

h
h
, 3, Sartposkesf | uorobutane; 1,1,1, 2,2, 3, 4, 4- octafl uorobutane;
3
4

, 4, 4-octafl uorobutane; 1,1,1,2,2,4,4,4- octafluorobutane,;
, ,4 4-octafl uorobutane; 1,1,1, 2,2, 3, 3,4, 4- nonafl uor obut ane;

, r . £ 09147] nonafﬂn%ﬁﬁiﬁ‘&xﬁﬁﬁnneﬁtsf I:HéQﬁl‘ﬂeﬁ c'&'ﬁxtpm!ésﬂfyﬁﬂﬁﬁﬁrocarbons

o] nethylpropane 3-di f | tor o- 2- met hyl pr opane,;
fl uomrezentﬁfbtbﬁylhprf@paﬂe CiHgF, 3wherein| xids @nzmmhﬁom dptméo,

oro- ﬁ{tar&idv%@rﬁ"&@tl ¥ OPARRRRGely Lrdm Y 63 20ChikdRhdee Grcm 755 ) Propane;

etrafluoro-
ri f | uoekergativelyuiboro nletoh@l a)hpmapmi}e frofn 2 td 28 aBemetivedf froor 1@ 10,

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

I
;
I

PRRPRPRRPRRPRRPRRPRPRRPRRPRPRRPIRRPRRPRRPIRTRRPRRRERTRRRYRRRRO

I
2
3
4
2
I
3,
uo
2
3
4
2,
uo
3,
2
3
4
2
2
2
2
i f
-t
i f
3-
-t

and at least one.

[00148) Illustrative examples include fluoromethane; difluoromethane;
trifluoromethane; fluoroethane; 1,1-difluoroethane; 1,2-difluoroethane; 1,1,1-
trifluoroethane;  1,1,2-trifluoroethane;  1,1,1,2-tetrafluoroethane;  1,1,2,2-
tetrafluoroethane; 1,1,1,2,2-pentafluoroethane; 1-fluoropropane; 2-fluoropropane;
1,1-difluoropropane; 1,2-difluoropropane; 1,3-diftuoropropane; 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-



WO 2004/ 058829 PCT/ US2003/ 040858 51 net hyl propane;
3,3-tetrafluoro-2-(fluoronethyl)propane; 1,1,1, 3-tetrafl uoro-2-
oronet hyl ) propane; fluorocycl obutane; 1, 1 -difluorocyclobutane; 1, 2-
oroc%ﬁ+%R‘% Sy 1, 3-di fl uorocycl obut ane; 1,1, 2-tr ipdruseéeyagssout ane;
- tri uorocyclobutane 1,2,3-trifluorocycl obut ane;

2-tetrafluorocycl obutane; 1,1, 3,3-tetrafluorocycl obutane;

2, 3-pent af |l uor ocycl obut ane; 1,1, 2, 3, 3- pentafl uorocycl obut ane;

, 2, 3, 3-hexaf | uorocycl obut ane; 1,1, 2, 2, 3, 4- hexafluorocyclobutane
3,

3, 4- hexafldie | obut anel 23,313 Regdatfho fopa€Pt af | yor psyalpbut ane,
m xt ures thereof aﬁéﬁgl ncl uding mthures o?o unsaturat el C'§ descri bed

bel ow. Parti cieptaflugroprophes; r édluelm@u@m,n@rﬂmobmm Lﬂowmmgne, 1,2-

1 uor onet hanci eyl S UELBRLIARE 1 deldiothiagty 4O AEIREIS: 2% cxampl es

of unsat ur at ediﬂbmdbmiﬂa,l d mp-&tihmmmtane;l uue-mﬂmowlbut:ideu @)1, ¥ eifluorobutane;
1,1- difluoro Pg : % diflu roet 1,1, 2- t ifl oroethene 1-
f 1 uor opr openets*s tﬁﬂEHrP '{f%pr uﬂr@“@P‘T”l uolr {Hlugrbutane;  1,3,3-

1, 3-di f 1 uor opkiAREReutand 3 ﬁﬁh‘x‘ﬂﬁo?ﬁu%@“e 1¥,13zfétr£f|hkb%ﬁ&‘;{n@ e”?,l 1,3
, 2-trifluoropropene; 1,1,’3- trifl uoropropene:; 3-tritluoropropene;

trif | uoeapfiupmbnianen BL&*"W&&IPWMW,O@dm’bz-t@fa@ugﬂbmmq, ubdésf-opene;

oro-1-b or | ygr ro-| - but ene;
i fluoro- E’ Orgb thln&f 210 %nb’fd'ﬁh%arﬁggfc’bgm{%ngﬂ’fiwﬁfﬁﬁuoropro’p%ﬁtg

i fluoro- ﬂe‘er#ﬂﬂomim;anz 31~114;ﬁ4|-telmihnofobblahe3nd 2,23 4etaflhidbrobutand; - 1 3124ene;
|
u

=

D.Hl—‘_l—‘l—‘H_“_l—‘
NNONNWC

3-
u
d
di
di fluoro-1-bute f.l uor but en 4. 4-difl upro-1-putene; 1,1, 2-
or o- 1- b ro iaf‘eS ]t’éj’ °T°bB'€r’E’%ng 2 %4‘1"'“&}1{1??? Bﬁ it ene;
trifl U@ﬁ'ﬂidbrmftﬁlae i1 21;242 bédtsfﬂdéfﬂbﬁtahe bUtFI\?;Z ﬂ%e%té’luoﬁdbhtfahélor o- 1

1, 3, 4- trifluoro-1- butene 1, A-trifluoro- ut e

Cri ] kbl dpenislorcbugne; 11 filibl Spensleepkite 11134
uz);lof Ilug ﬁdrf\lg?%y,&%?zt-t’rlﬁff :pgm}aﬁ%t é#\%ng“t %ngéﬁe&%ﬂa Sgtragel-butene
, 4- t et r hi 2Ugt-pentafluotabnene;l, 1, 3,132,838 pehtafloorobutadeit ene; 1,1,2,4,4-
ST ST AP N A CH RNt -
1,2,2,3,4-pentaﬂu0robutane, 1,1,1,2,2,3-hexafluorobutane; 1,1,1,2,2,4-
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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-heptafluorobutane; 1,1,1,2,2,34-
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heptafluorobutane; 1,1,1,2,3,3,4-heptafiuorobutane; 1,1,1,2,3,44-
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-
qctaﬂuorobutane; 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-



butene; 1,2,4,4-tetrafluoro-I|-butene; 1,3,3,4-tetrafluoro-|-butene; 1,3, 4, 4-
tetrafluoro-|-butene; 1,4,4,4-tetrafl uoro-I-butene;
2,3,3,4-tetrafluoro-| -butene; 2,3,4,4-tetrafl uoro-1-butene;
2,4,4,4-1 | -butene; 3,3,4,4-tetrafl uoro-|- bui@mes2e03/040858
, 4- tg\alpalw“hbgésg | -butene; 1,1, 2,3, 3-pentafluoro-I-butene; 1,1,2,3,4 WO
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trifluoropropene; 3,3,3-triflucropropene; 1-fluoro-1-butene; 2-fluoro-1-butene; 3-
fluoro-1-butene; 4-fluoro-1-butene; 1,1-difluoro-1-butene; 1,2-difluorc-1-butene;
1,3-difluoropropene; 1,4-difluoro-1-butene; 2,3-diftuoro-1-butene; 2,4-difluoro-1-
butene; 3,3-difluoro-1-butene; 3,4-difluoro-1-butene; 4,4-difluoro-1-butene; 1,1,2-
trifluoro-1-butene;  1,1,3-trifluoro-1-butene;  1,1,4-trifluoro-1-butene; 1,2,3-
trifluoro-1-butene;  1,2,4-trifluoro-1-butene; 1,3,3-trifluoro-1-butene; 1,3,4-
trifluoro-1-butene;  1,4.4-trifluoro-1-butene;  2,3,3-trifluoro-1-butene; 2,3,4-
trifluoro-1-butene;  2,4,4-trifluoro-1-butene;  3,3,4-trifluoro-1-butene; 3,4,4-
trifluoro-1-butene; 4,4,4-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-



conpounds or the diluent is a non-perfluorinated diluent. Perfluorinated
conpounds bei ng those conpounds consi sting of carbon and fluorine. However,
i n anot her enbodi nent, when the diluent conprises a blend, the blend may

conpri se pPiof obiiskgiat ¢ ed conmpound, preferably, the catal ysfrysispinaoee, and
diluent are present in a single phase or the aforenentioned conponents are

mscible with the diluent as described_n further detail below In another
enbodi ment, the blend nay al so conprisé& chl orofl uorocarbons (CFC s), or
t hose conpounds consisting of chlorine, fluorine, and carbon.

woi ght aver ago PRI REAEDD L. b feahiorb 1 BRALN C1 1P '.Efgfman o060 e
gr ef er gbl y n}[)rbgtlenéxgh} .54, 4@pﬂhtaﬂ\mxlo rmmﬁnq;rleﬁ,'ldgn,ameytaﬁgmm lth_amel(](zc,iﬂﬂ),lﬂ- l\/![/v) a’r e
esire sui t abl.e, di 0 car S ielectric
constant of grpﬁ%ﬁ‘%‘for?'ﬁ}r‘i&efﬁ a?%%‘g%peﬁ/'ﬁﬁ‘ﬁ%w%ﬂ? Sgr g&?{t e‘}% i?lﬂ tore
preferably grealess; 2533 ﬂ&ntdiﬁbﬁ) Rbeked:; I3 4,4 4q1eﬁﬁﬂ66rotlhﬁlﬂen'*§,3 EIHJ,JM
preferably 40 or nore. enbodi nents where 10 mol ecul ar welghts

(typically | omemtaﬂmwliwt@en Tpi2, Bﬁﬂeh%ﬂ@mrlfb@?@e,t Hslsﬂ#dd@xaﬂmm -Aor e
preferably le%ﬁteh%'an 3610?94M’ﬂex9ﬂ&r9€5d&e%9 thg ?39'4%%&&&8% ;my be

| ess than 10 1ar anount's of iArtTator or trans > agent
when the di elleﬁﬁ4ﬂé-lma&tom-ﬂ-humnai)o'léh3,ﬂﬂ.4-l‘[¢mﬂmre+lemt¢nec Mﬂsllhﬁﬂ- of the

Ot o0 eIty o7 TR SRR bl DBRR0nC) LERSREL S 1,
reference fl uihgptefludte-avisitend; ql,mBﬂ;@-ﬁ@ﬂﬁtu@fﬁ-l-b&eﬁﬂea&woﬁdzmten@ gR], and in
air (cA=l') [neasured val ue each case_the neasured_capacitance CMis

CA
gi ven by CMe dltgmack-bulgpg, lsdl%ﬂé‘ortof‘?éb“tﬁ?eel é<rdiflvorpdrintenst  bA-diore2yi d in
whi ch the capagief,or 1§-dlﬂmf‘c{ 5 8hendC 2§dfﬂﬁ?o—§%{ene,cap?qlﬁlﬁﬁ&%a2-ﬁﬂgl Cs is the

stray capacitance. Fromthese neasureénents gi’ven by the fornul a
so=((Cn- CA) FR,2-trifRomnI-briems- I:A)3~trlﬁmref2rlatt¢n¢e Ilyl, -wifluora-prdutend;ul,.2.8-
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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-hexaflucro-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.

[00150] In one embodiment, the diluent comprises non-perfluorinated
compounds or the diluent is a non-perfluorinated diluent. Perfluorinated
compounds being those compounds consisting of carbon and fluorine. However,
in another embodiment, when the diluent comprises a blend, the blend may
comprise perfluorinated compound, preferably, the catalyst, monomer, and diluent
are present in a single phase or the aforementioned components are miscible with
the diluent as described in further detail below. In another embodiment, the blend
may also comprise chlorofluorocarbons (CFC's), or those compounds consisting

of chlorine, fluorine, and carbon.



the dielectric constants (c) of a few selected diluents at -85C is provided
bel ow and graphically depicted in Figure 1. WO 2004/ 058829
PCT/ US2003/ 040858 54 Dil uent eat -85C Methyl chloride 18.34

Di fl uoro 9 1,1-difluoroethane 29.33 1,1, 1-gdifisr003nasssane 22. 18
1,1,1, Z-F&ngﬁog)&%%t hane 23.25 1,1, 2,2-tetrafl uoroethane 11.27

1,1,1, 2, 2-pentafl uoroethane 11.83 [00152] In other enbodi nents, one or nore
RFC s are used in conbination with another diluent or m xtures of diluents.
Sui t abl e additional diluents include hydrocarbons, especially hexanes and
hept anes, hal ogenat ed hydrocarbons, especially chlorinated hydrocarbons and
the |ike. Specific exanples include but are not |limted to propane,

i sobut ane, pel0dfH, netlryaneties sabodiment, | whanchighes weighthavemgepmaleaar

3- et hyl pent age; 1+R- - di u wodiee GH ut ane,

2- et hyl hexangv,gl &Mﬁk@%ﬁgﬁe ﬁ%eﬁlﬁgllg@hpg‘g’, b%%%"%i@%?%‘g@ﬁ?%oge,

2, 3-di net hyl pdw,amere Breferablyrahdry | thentl80,600 M®) diceretsised, spieablendituents

2- met hyl hept ane, ,3-ethyl hexape, 2 5-di pethyl hexane, 2 24,- tri yl pent ane,
octane, hept alfsiudsdy %‘Hé@‘@?araﬁg‘ﬁ’é withe %‘lﬁgfgmc I8 ,0? g@&@ﬁé{m 1@&& @r%gae,
undecane, heXgReerablPigdhddterCihah ABEXHRE préftiahl pgr@di&nﬂmn%ﬂ,?hﬁ&’dtﬁeﬁrabg'

cycl opent ane, net hyl cycl opentane, 1, 1-di met hyl cycopentane, cis 1, 2-

di met hyl cycl opeateaiean 25.amere1prefembie (Hiyarcipereo p bhembedimentsnghare Jower
oL o] HENGHE e GHRSTEfL o 10400 UL it o e,
hal ogenat ed vdfvw,imers pedferably less thane3,(000Mw) arerdesiesdathé dieldotricodonstantmadye d
versions of {he, abovg, mpre.preferably il uerinated, versions gloqll of the
dielectric constant is above 10. The dielectric constant of the diluent gp 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 &g [measured value Cr], and in air (€a=1) {measured value C,].
In each case the measured capacitance Cy is given by Cy= eCc+Cs, where € is the -
dielectric constant of the fluid in which the capacitor is immersed, C¢ is the cell
capacitance, and Cg is the stray capacitance. From these measurements €p is
given by the formula ep=((Cp-Ca) er + (Cr-Cp)}(Ca-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 (£} of a few selected diluents at -85°C is provided below

and graphically depicted in Figure 1.



versions of the above are al so useful. Specific exanples include, nethyl

chl oride, WD 2004/ 058829 PCT/ US2003/ 040858 55 net hyl ene chl ori de, ethyl
chloride, propyl chloride, butyl chloride, chloroform and the like. [00153]
I n anot her weyhR §%§$%? non-reactive ol efins nmay be usedpagussiobbsdss 1 n
conmbi nation wt . Exanpl es include, but are not limted to, ethylene,
propyl ene, and the |like. [00154] In one enbodinent, the HFC is used in
conbination with a chlorinated hydrocaégon such as nethyl chloride.
Addi ti onal enbodi nents include using the HFC in conbination with hexanes or
met hyl chloride and hexanes. I n another enbodinment the HFC s are used in
conbination with one or nore gases inert to the polynerization such as
carbon di oxide, nitf nydrogen, argdn, neon, nelTum Krypton, zenon,
and/ or other inert g§8@§1that are prefergbly Ilﬁﬁlﬁsé% entryito the

reactor. Preferred g5 _Trctude car bon i oxir deand/or—TmitTogen. [00155] In
anot her enbodi ment ?Mé erider e used i n [conbi natil8A4with one| or nore
nitrated al kanes, ipctodirmg g to A0 itrated—mear;,——tyctiTtior branched

al | canes. Preferred Hlﬂqomﬂwhaélpkanes i ncljude, but 3828 not linfted to,

ni tronmethane, nitrpettame;—mtropropane, [ tTobutame—nrtTopgnt ane,

ni trohexane, nit rohﬂebﬂ-&lﬁbloroqtﬁaulﬁooct ane, |nit rodecaﬂé3 ni trononane,

ni t rododecane, nitrpunmdecane; Tt ut,yu gqmet-hane—nttrocyct ane,

ni trocycl opropane, nl,ﬁﬂduilmreﬂhume ni tirocycl op@Ail8ne, nitrgpcycl ohexane,

ni trocycl ohept ane, Rrtroeyctooctane—rni-tirocyetodecane—nttrotycl ononane,

ni t rocycl ododecane, hﬂllr?efcgtcﬂlmﬂiﬂ@@ane nitroben282&, and the di- and tri-
nitro versions of t eeve—A Pt efer+ed erpettrenrt——s—RFE-s{ bl ended with
ni t ronet hane. [ 0015861, l”Eti’etequr@ethaprl cal lly presentll@f 1 to 100 vol une %
based upon the tot votre—ef—tHhe—-gaants—at-terratvel-y—bet ween 5 and
100 volune % al t ef haili22bentdfboveethand 0 gnd 100 vdall@Ae % alternatively

bet ween 15 and 100

p

[00152] In other embodiments, one or more HFC’s are used in combination
with another diluent or mixtures of diluents. Suitable additional difuents include
hydrocarbons, especially hexanes and heptanes, halogenated hydrocarbons,
especially chlorinated hydrocarbons and the like. Specific examples include but
are not limited to propane, isobutane, pentane, methycyclopentane, isohexane, 2-
methylpentane, 3-methylpentane, 2-methylbutane, 2,2-dimethylbutane, 2,3-
dimethylbutane, 2-methylhexane, 3-methylhexane, 3-ethylpentane, 2,2-
dimethylpentane, 2,3-dimethylpentane, 2,4-dimethylpentane, 3,3-dimethy!
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,



volume % alternatively between 20 and 100 volunme % alternatively between
25 and 100 volune % alternatively between 30 and 100 vol une %
alternatively WO 2004/ 058829 PCT/ US2003/ 040858 56 between 35 and 100 vol une
% alternap] Vﬁw seehvween 40 and 100 volunme %  al t er nat pEpip¥2000i40@en 45 and
100 vol une ‘% a ({er natively between 50 and 100 volune % alternatively

bet ween 55 and 100 volune % alternati v%%y between 60 and 100 vol une %
alternatively between 65 and 100 volunme "% alternatively between 70 and 100
volume % alternatively between 75 and 100 volune % alternatively between

80 and 100 vol 0 nat, het d Vol u Vi
alternatively %%ﬁ}\egn&gw(%hﬁwfgg%gpﬁrpgg&? °§F°{’§?’n%‘3t9€8?198%%9§%‘5§1f°§% and 100
volume % alt emddieilikel y bet ween 97 and 100 volune % alternatively between
98 and 100 volunme % and alternatively between 99 and 100 volune % [00157]
In a preferred enbodi nent the HFC is blended with one or nore chlorinated

hydr ocar bons. _[bms?ot hetn Rheher ehboSiHRAd! fPRRkadiE d1fins ?naiei)@ﬁfs@dj asfromthe
group consisting of difluoronethane, trifluoromethane, 1,1- difluoroethane,

1, 1, 1- tri f | uorddi@emns iecombigationt with 2Ky Exanples ichidaebutrage mpitimitedsto, t her eof .
I n anot her pr i : HFC is selected fromthe group

consi sting of %ﬁﬁ%’?%@g@% %gne?hggfl uor onet hane, trifluoronethane,
nonof | uor oet hane, 1, 1-difluoroethane, 1,1,1-trifluoroethane, 1,1,1, 2-

tetrafl uoroet 1,1,1,2,2, pentauorqet e, and mxtures.thereof. In yet
anot her pr ef eﬂﬁ@?ﬂenbodhré’ﬁ'? T’E@r&%ﬂ g“’sﬁ?@c’tseas r B CPHMARIL B 8ofsi sti ng
of  nonof | uor oiR¥iAEEE . hyllirddattdnO BRIhh a8 emetByid chlbiifid. UAdaitBhdla BRbodiMeAS8] | n
anot her enbodi nment the djluent or di]luent mxture is selected  based upon

i ts sol ubilitynslpde REngdbs FRC ospmbination it exargscorssiethl shioride ad pol yner .
preferred di| ughiss Y ndthdr hibolitheAOmE HIGY drk biked 2 doRDiAbY WithoneQ UDI 1LY
in the polynmer 1's nmeasured by formng the polyner into a |Imofut i ckness
bet ween 50 andndr®@asgs inetris thetpobymesizatkdnrsych as darbodidiaxade, nitmgeny dlrdiogeng over t he

film for 4 hows.at WIRG, dGoh! LT, SoBRRYER b YL/l YRBlap POsed to

room
liquid at entry to the reactor. Preferred gases include carbon dioxide and/or
nitrogen.
[00155} In another embodiment the HFC's are used in combination with one

or more nitrated alkanes, including C; to Cy 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, nifrocyclobexane, mnitrocycloheptane, nitrocyclooctane,
nitrocyclodecane, nitrocyclononane, nitrocyclododecane, nitrocycloundecane,
nitrobenzene, and the di- and tri- nitro versions of the above. A preferred

embodiment is HFC’s blended with nitromethane.

[00156] The HFC is typically present at 1 to 100 volume % based upon the
total volume of the diluents, alternatively between 5 and 100 volume %,
alternatively between 10 and 100 volume %, alternatively between 15 and 100
volume %, alternatively between 20 and 100 volume %, alternatively between 25
and 100 volume %, alternatively between 30 and 100 volume %, alternatively



tenperature for 90 seconds to evaporate excess diluent fromthe surface of
the film and weighed. The nmass uptake is defined as the percentage
increase in the filmweight after soaking. The diluent or diluent mxture
i's chosen e polymer has a mass uptake of |es

preferably eisog%%sga% 3 w/o0, WO 2004/058829 PCT/ US2003/ 823@%581)0?7%49%% ef erably
| ess than 2 wWM o, preferably | ess than LgW % nore preferably less than 0.5
wt% [001591 In a preferred enbodi nent, Phe diluent or diluent mxture is
sel ected such that the difference between the neasured gl ass transition

tenperature Tg.AfeehS %ﬂia Goltide %! Qﬁe?mtf}@i? y?]%%-gagf‘g%dﬁﬂéepm ymer

unreacted nononers an tlves IS Wwthin
measur ed aftermmmaummmﬂéranéd%nmhmw Y4, Ialtematl\telu b&msrsmend\ﬂé& 50 and

4 hours. ar . 7ot B ghetREn b3 a0 LG Sbur PR eyl fehen Ry

di fferential %drlfmon@hﬁﬁé%Ie[]ﬁirfaﬁveﬂja$6§)ween-5§dﬂﬂll®0€s&)lﬁﬁe Wedllerfdgoqy i bed in
the literature, for %%B V\ﬂn erlich, "The Nature of the d ass
b

Transition ancPeF‘Y@nﬂé)t plymepsp W%?QPIYAWW &> and 100 yobmpntfent of t he

d ass TransitiggmadRMpethieerd |1b0%1,§§ey$ Shaiterkitively BB e ty for
Testing and Naterng% Phlee § A .el7 v??lﬁ The&gg5 aﬁg“ibﬁ

prepared as de&bm%%dalmmelymm %médﬂ&wehylea%,t @ten@aaﬂy ﬂvgtwenn 85a DSC

et ore the Dbt ABobEERt MeriibolREGTaT A8 B bl J5,grefVES 7

t‘l

a

V9%C of each

other,  pref ertebleen 98 tahd D00 Idhuné %6 andalehiitively betefeen S8 hiyd W(I\Fuhnnel%C of each
other, preferably within 9C of each other, preferably within 8C of each
other, preferably within 7C of each other, preferably within 6C of each

other, preferpplsn W'thh{‘a?%ﬂfre@é’tﬁﬁbcﬁ&h&ﬁrtheHF@H@’H’&H&%&JB&O‘%%&E each

ot her, preferabl w thin of each other, preferably within 3C of each

other, pref er@!ﬂn}ﬂamﬂﬂlhdwcﬂbp@f Ta Zopthen preferreq cmbedinmignt thaiHHG is seleciedof each
other. Pol y”erfrcfrﬁlt 'tﬁ)en Elrogﬁ’e%%nsstmg of difluoromethane, trifluoromethane, 1,1-

difluoroethane, 1,1,1-trifluoroethane, and 1,1,1,2-tetrafluoroethane and mixtures
thereof. In another preferred embodiment the HFC is selected from the group
consisting of monofluoromethane, difluoromethane, trifluoromethane,
monofluoroethane, 1,1-difluoroethane, 1,1,1-trifluoroethane, 1,1,1,2-
tetrafluoroethane, 1,1,1,2,2, pentafluoroethane, and mixtures thereof. In yet
another preferred embodiment the HFC is selected from the group consisting of

monofluoromethane, difluoromethane, and trifluoromethane.

[00158] In another embodiment the diluent or diluent mixture is selected
based upon its solubility in the polymer. Certain diluents are soluble in the
polymer. Preferred diluents have little to no solubility in the polymer. Solubility
in the polymer is measured by forming the polymer into a film of thickness
between 50 and 100 microns, then soaking it in diluent (enough to cover the film)
for 4 hours at —75°C. The film is removed from the diluent, exposed to room
temperature for 90 seconds to evaporate excess diluent from the surface of the
film, and weighed. The mass uptake is defined as the percentage increase in the
film weight after soaking. The diluent or diluent mixture is chosen so that the
polymer has a mass uptake of less than 4 wt%, preferably less than 3 wt%,



[ 001601 The invention nay 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 nay be practiced in "butyl
reactors.” wdiobHonE Btive exanples include any reactor sptpgbRes o0 t he
group consisting of a continuous flow stirred tank reactor, a plug flow
reactor, a noving belt or drum WO 2004(Q58829 PCTI US20031040858 58 reactor,
a jet or nozzle reactor, a tubular reactbr, and an autorefri gerated boiling-
pool reactor. [001611 In a preferred enbodi nent, the processes of the

present inventj I r ac J | bayonet | slur eact or
system Such &%@%P%@ 1§s§ mwﬁ%%%%ggﬁe%f% fgé%" ﬁ@ger g%%ﬁartr’%l i;gé’s SU
1627243 A, R0.32884122 A, and RU 2209213 d. In particular enbodi nents,
bayonette cooled slurry reactor systenms are generally characterized in that
they conprise one or nore m xer shaft(s) with one or nore inpeller(s),

general ly, 10Ggg189] i N t (e aC pratRfed OfmbdMEmatR] Y Uildak | @NdildeRPGhiRfury §8S€! |
al ong with one or nore bayohette(s). The bayonette nmay conprise one tube or

a plurality oreleetedi| suchf thatibibe . differengs rhetweent theuinaeasured glogsd tragsitiothe

circul ation of ' ha, ref b . are

| ocated, for t%x%%%%%ﬁpﬁgowpp erlg/é%&bﬁ[?ﬁé%@t&@ﬂ%f?l%%ﬁﬁﬁggn

enbodi ment, t sonspeesrand additiovsds withinelr'SSC af ¢hel Kpoeftthelpalymer mekisaiedafter iof 0. 1-0. 5
of the inpeller diangter. fromjhe correspondin ea t.he vessel. [001631
In certain en‘g’&ﬂ Emedc Jo 55@&{&@@@8@@8@%@89@% Iﬁ‘imd?r_f’%d]&ﬁa%pcordi ng
to the foll owipyaeh sdaRedin@ientdencuietd RAEL 18E HGRYIRF 4 1BGrsat CYICNAPe glasiV t h
concentric mxer conprising a shaft 3 with attached inpellers 5, 7, 9. The

i npel | ers ar e taptitien temppragire iy Jetenminedriybdifisrential rgpnning caletimetnh %) ed on the
peri phery of tﬂ@lﬂﬁ WalcMle) ' | on, r ild:8d «d. t h cool ed
refrigerant, suc @%?S%eh‘g%?é prop%?@%%%’gﬁe@%@%??éﬁgﬂlgﬁgagh‘gh%i ke. The
refrigerant i Natireofiltt Glhss Frawiiontand itsubetbranindtion dyeThammahdnalpgs), és 15 and
17. The Assignment of the Glass Transition, ASTM STP 1249, R. I. Seyler, Ed., American

Society for Testing and Materials, Philadelphia, 1994, pp. 17-31. The sample is

prepared as described above, sealed immediately after soaking into a DSC sample

pan, and maintained at a temperature below —80°C until immediately before the
DSC measurement, Preferably the Tg values are within 12°C of each other,
preferably within 11°C of each other, preferably within 10°C of each other,
preferably within 9°C of each other, preferably within 8°C of each other,
preferably within 7°C of each other, preferably within 6°C of each other,
preferably within 5°C of each other, preferably within 4°C of each other,
preferably within 3°C of each other, preferably within 3°C of each other,
preferably within 2°C of each other, preferably within 1°C of each other.

Polymerization Process

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



nozzles 19 and 21 in the | ower head of the vessel are used for addition of
feed and catalyst systemto the reactor. Nozzle 23 is for the renoval of
the polyner from the reactor. [00164] \Wen the reactor is operating, the

i mpel l ers \?0%&@%&25 he required high degree of m xi ng mfrrtdreosmaesss body of
the reactor mxturé and create high flow velocity through the tube bundl es
13 and, therefore, intensive renoval of ;¢ he WO 2004/ 058829 PCT/ US2003/ 040858
59 heat of reaction. In some enbodi nents, the bottominpeller 5 is installed
no nore than 0.1-0.5 inpeller dianeters fromthe bottom head. This assures
i ntensive _pr@ésbt&,agep&ﬁd%ﬂem%emmktra@tofeaié af laliRACiBEISked BbfRMY.St System
that are introduced through nozzl es 19 and 21 respectively. [00165] In sone
embodi ments, Pe@Ereassl ler 7 is installed at the sane distance (0.1-0.5

i npel l er dianmeters) fromthe upper head of the vessel, preventing

accurul ati on of the polyner particles in the upper part of the reactor,
resulting fr{0ol6he fack 4 pefericd embodiaient tiodf probeysgaalf\the present uipsptiod han t he

density of the olynerization nmedi 00166] I n anot her aspect of the
i nvention, Fi @ﬁr&a@%gﬁ%é aé’*‘?@&@? 8‘?0'1"{3515(}‘;"%” E%P&sé“cgigat"&’nsﬁtﬁ%t ed

t hrough nozzl gavgiheleh AbschiBbd) Wor SaRipleCin §6.162TR43NA B R1G2007199'@L kA RTAN | Nt ense
di spersion of the catalyst systemis achieved due to the high turbul ence

generat ed by FAYELB &1. dg particulan empbordiments, Joyonstte ceddedrplimy aeastor gystenesoved f or
mai nt enance g ggg% ' ﬁ;ﬂg f r..32. 35 and
37 are lines H%%%npr F%aga or ?ﬁ@h@%@ﬂ%&ﬁ%ﬁ%ﬁ?ﬁf%gr%%&e?ﬁlgﬁ@ayxﬁfn 25 is

t he |ine that on@pr mese fthpeller(s)o Eereratiyx lomatzdfindte semteraof thet mitrerizaect or . 33
is the reactor outlet. .29 a 31 are instr nt nd optionally .provided to
measure the  FEPOREFFITIPHEWIA G, R RO EFIFTRG. The HeHOMNE TR CORFisE] o o

opti mal l'y | ocghesibe 8 jagh@alitylo? bundle bf aibes. 28he behdd of hibedTiicus@Dely ttf t he
reactor. ]00167] .1 n anot her as[})ect of the invention, the catal yst system or

catal yst ~ systEetomd seling [5echeps reiiigerant and/as waterqand-are jogated.den | very
tube 59 as sheybuple, on the periphery of the vessel. .

[00162] In an embodiment, the upper and lower mixers are located at a
distance of 0.1-0.5 of the impeller diameter from the corresponding head of the

vessel.

[00163] In certain embodiments, the bayonette reactor system is arranged
éccording to the following. In Figure 4, the reactor comprises a cylinder 1 with
concentric mixer comprising a shaft 3 with attached impellers 5, 7, 9. The
impellers are rotated by a drive 11. Tubular bundles 13 are installed on the
periphery of the vessel. During polymerization, they are filled with cooled
refrigerant, such as ethane, propane, propylene, ethylene and the like. The
refrigerant is circulated through the tubular bundles using nozzles 15 and 17. The
nozzles 19 and 21 in the lower head of the vessel are used for addition of feed and
catalyst system to the reactor. Nozzle 23 is for the removal of the polymer from

the reactor.

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

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



in Figure 6. The catal yst delivery tube 59, the open end of which is |ocated
i n the annular space between the bundles 49 and m xer 45. In a preferred
enbodi ment, the open end of the catalyst delivery tube is |ocated near the
bl ade tip Qfoshok6dssAS- | n an enbodi ment, the catal yst @eliyssioyodosdge nmay be
arranged at angle to the housing axis 39 wth open end, directed downward,
as shown in Figure 6. In these enbodimapts, an intense dispersion of the
catal yst systemis achieved by the placenent of the catal yst delivery tube.
Thus, polyner forned denonstrate inproved honpbgeneity and conposition

consi stency. e R0k8SE8aSoRETHHSARNAA05Rm RpdI0P EihskiadRGGEr aspect

of the invention, Figure al so shows a vertica Cross-section o

react or. Fi gurthan70.4{bwémpellep diamsigrsifropr thesbotient hepd. oThisiassuresaintessivei n Fi gure
6. Figure 8 s - i yggl@r ecl | yopette
tube bundl e s&g%ﬁ%miﬁ @gﬁ?@f’% he reacf?§€g%%a%§p%?§§g{dﬁ Egﬁgst?'ﬁgtgég%a shaf t
41, mixers 43ntrethcedthebugl noblesd9and 1 rdspdatiseldO wi t h tube boards 51, 53 and
tube baffles 55, 81 respectively to each corresponding figure. The reactor
vessel 39 is equipped with connecting pipes 57 for delivery of the nonomer
mxture, a regooms] Out IflsoRd enftitidBhentd, B impelRPZZ i nstlled 6. thé §aMECt i vel y
to each corres(gsondl % fIS?‘ure and catal yst delivery tubes 63, 71
respectivel y tdistenge (0.5 impellerdiiamcters)frore the ipper headpfitbe vesgelppigkentiog del i very

of the cataly ' %H:RP ' | . ' 3 .
respectively fatgc ng%l coéfrtgg8@#&1%@%&%%?&@%%@1@#&@%@ rﬁﬁllﬁg% S
arranged i n t Heons plzec fach éatvilen dedsity lofinkd pelymér isulowsr dtinathel dehsitynofkibe / | npel | er
45. The tube baffle 81 has openings 83 in the spaces 85 between the bundle
sectors 87. | W?‘ﬁ‘é‘?i‘t or operates in the follow ng manner. A cooling
medium is delivered to the tube bundles on the bottom 65 and energes from
the top part of the bundles. The nononer feed and catal yst systemare

del i vered to tIA®166pact ofn anathamaprectnd theimyention, Figaet oyhowpdrreactas having of

pol yrrer i zat | o, BREl 4yl fhrough'dbele 27 4ul GlbW inipdfier .23 i ™M xI NG
necessary during polyferization to
configuration, an intense dispersion of the catalyst system is achieved due to the

high turbulence generated by impeller 28. The bayonette 30 is also more easily
removed for maintenance given that it extends beyond the dome of the reactor 32.
35 and 37 are lines that provide for the circulation of the cooling medium. 25 is
the line that carries the monomer mixture feed stream into the reactor. 33 is the
reactor outlet. 29 and 31 are instruments and optionally provided to measure the
polymerization medium ternperature. As shown, 29 and 31 are optimally located

adjacent to impellers 26 and at the main body of the reactor.

[00167] In another aspect of the invention, the catalyst system or catalyst
system components may be delivered through a catalyst delivery tube 59 as shown
in Figure 6. The catalyst delivery tube 59, the open end of which is located in the
annular space between the bundles 49 and mixer 45. In a preferred embodiment,
the open end of the catalyst delivery tube is located near the blade tip of mixer 45.
In an embodiment, the catalyst delivery tube may be arranged at angle to the
housing axis 39 with open end, directed downward, as shown in Figure 6. In these
embodiments, an intense dispersion of the catalyst system is achieved by the
placement of the catalyst delivery tube. Thus, polymer formed demonstrate

i
improved homogeneity and composition consistency.



distribute the polynerization nediumand to dissipate the heat of reaction
during transverse flow around the heat-exchange tubes of the bundles. The
pol ymer product is renoved fromthe upper part of the reactor. [00170] The
enbodi nent §,4d@s6lkdigd in this section may be conbined wp¢frusiobsmapdsacenent of
the catal yst delivery tube as shown in Figure 6. Installation of the

catal yst-delivery tube in this manner ipgproves the dispersion of the
catalyst systemw thin the polynerizatiron nedium Thus, the polynerization
processes of the present invention provide for at |east one of an increase
of the length of the <cycle and stabilization of polynerization, which in
turn, enhances the quality of the resulting polynmer. W 2004/058829

PCT/ US2003/ 04(@1A88] 61 [ I0dndihbr bspeatnof thé irvestiqar, Piguoei6 absohehdivgniesticahd i n

anot her aspect of the jnventian, a hown in Figure 6, arr i ng the | ower
t ube boards aﬁﬂ’sf'ﬁﬁfg"%ﬁ#ﬂeégt"r'gé}g‘t‘rﬁ? SBBW%IPE%“%‘?P“?&R?@? %ecﬁ?i’bl"ﬁﬁ%% %f mredi at e

vicinity of tReriFuess. mbﬁfé%ss,howmfscﬂeﬁuﬁcziu? chid@reldicBits ¥&hiBA loF ¥ bhydpiiteg Ones,
el imnates stagnant regrons in the area of the tube boards or sheets and
t ube baffl es. undleshown i Bighteah Zhe reacioneomprisesia beusing 39, ashgBdilng of the

I nt ertube spa hes poliyier L agi ';ég&;ss t hat he
pol yneri zat i o%ﬁ}r{r%%i‘%’mg?’sﬂgi %cbtuggil%éf{tﬁ)ggg?gginﬂ{a%e:gegl onSIdgst%g tl“aﬂétéyonet te
t ube bundl es befflest 8 leesprgdvetyreraath omrasporidirg figirgnEhe mactosvgapxd 30 ds heat
exchange by the bayonette. J00172) _In ot her aspect of .the invention, the
Feactor conpr FOUBPE S AsRestog ies S QR AN 4o OF U EAareT B 3npAEPhg
openi ngs as shgidt 61NcdtAlg efSy KozzRB 39569, T3 edﬁpaﬁltﬁgﬁchf&ﬁeﬁﬁn&hgﬁ%ﬂ&g in the
spaces(channel s) between the sectors of the bayonette tubes. The openi ngs
provi de addi t i2b® aatalysitdelizery tubss 63.1d reepeqtinely toreaClhrogregpending figise.upber part of
reactor to be : i@ | kY r : above,
may conprise gﬁ@&% gﬁi F g{)p?%é,'?l)ynay Bg%ﬁ"ﬁe geﬁawﬁﬁp%?ﬁ%?gh% | ow t he
desi red oper athited3, Tk mspedivelydo edchicheespeydingfigwe sheiopop end §8 tofwhich is
pol ynmeri zati Ogn%g%ldli'n”}haens%ac%%semeen the bundles of tubes 49 and the mixer/impeller 45.

The tube baffle 81 has openings 83 in the spaces 85 between the bundle sectors

87.

[00169] The reactor operates in the following manner. A cooling medium
is delivered to the tube bundles on the bottom 65 and emerges from the top part of
the bundiles. The monomer feed and catalyst system are delivered to the reactor
from below, and the reactor operates full of polymerization medium. The mixers
rotate and provide the intenstve mixing necessary during polymerization to
distribute the polymerization medium and to dissipate the heat of reaction during
transverse flow around the heat-exchange tubes of the bundles. The polymer

product is removed from the upper part of the reactor.

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



sufficient thermal capacity to renove the polynerization heat of reaction.
The cooling nmedia may pass through the bayonette(s) as a single liquid or
gas phase, or may enter the bayonette as a liquid and be partially or
conpl et el y yaysiptaiRd as it passes through the bayonet periksoBifserred
enbodi nents, the cooling nedia conprises refrigerant(s). Suitable exanples
of refrlgerant(s) i nclude C, to C30 gﬁnes and m xtures thereof,
alternatively, C, to C o alkanes and m xtures thereof. Illustrative
exanpl es i ncl ude nethane, ethane, and propane, and m xtures thereof. In

ot her preferred enbodi nents, other suitable exanples include C2 to C3o0

al kenes, alternatively, C2 to C 0 alkenes. Illustrative exanples include

et hyl ene, pro90EMg, andn ﬁybﬁﬂmq:réxhatseemﬁbodhmmi ad inodroditer pspeticof thel

enbodi nents, ,other sui abI e es incl to C10, ha ated al kanes,
especially f I%W‘H%taéé 4’ tﬂ?@’“@%&fﬁ?l@?@ﬁe‘}l g’g’é Ryl

fluoride, car Qﬁ%ém&%{ i}5§§8§d BQKé W@ ate U GRBB0f B ndifdr biided! Wt G

met hyl ene fluoride, trifluoronethane, 1,1,1,2,2 pentafl uoroet Rane, = 1,1,1
trifl uoroet har®) efhlglm’d@%lhfaﬂﬁév gones.eliminatessstaghent segions(ip terraa afgthetube al cohol s,

?Irggg: zga?grrgnera res %ower t é{:ﬁéﬁ‘{lﬁé S‘gelsaﬁtreéﬁg’e errperAéﬁ}g rﬁ‘éﬁg&%}éesh@!e

pol yneri zat i omlcﬁguhguﬁﬂm intarthbe spaga by dheypdemerc Thugupldsngréhe mizerns s dhat

Il lustrative es i.nclude nitroge elium. ar, m Xt u

thereof [ 001761 PRmaREE G medgptls dreiebio tEsmaehs SRl BEB pryBite b oo
transfer surfmRggks eﬁﬁﬁi&te@%g%lﬁméxahbkbuf fhe ﬂogéﬁé%d\éﬁqj’o&s%eﬁ%blﬁaﬁge b On one
side of the tube and the po ynerizing m xture is on the other side. [001761

Thi's inventi orth¢b8yos¢tte be practiced in batch reactors where the nonomers,
di luent, and catal yst are charged to the reactor and then polynerization
proceeds to conpletion (such as by quenching) and the polyner is then
recovered. [0000732]| n cdn taiother rdspeti nafnthe, invhﬂtidmv‘éntr'eaﬂoﬁ soppesEsi eed usi ng

a sturry  pol yeEl ARt ol A AGPRRe vHHE Y Shomld SHenRRh WBl AL QP 0TS are
and 8. The openings may be arranged in the spaces(channels) between the sectors
of the bayonette tubes. The openings provide additional pathways for the polymer
to migrate to the upper part of reactor to be collected.

[00173] The cooling media, as referred to above, may comprise any
material that may be chilled to a temperature below the desired operating
temperature of the bayonette slurry reactor polymerization medium and has
sufficient thermal capacity to remove the polymerization heat of reaction. The
cooling media may pass through the bayonette(s) as a single liquid or gas phase,
or may enter the bayonette as a liquid and be partially or completely evaporated as
it passes through the bayonette. In preferred embodiments, the cooling media
comprises refrigerant(s). Suitable examples of refrigerant(s) include C; to Csp
alkanes and mixtures thereof, alternatively, C; to C,o alkanes and mixtures
thereof. Illustrative examples include methane, ethane, and propane, and mixtures
thereof. In other preferred embodiments, other suitable examples include C; to
Cso alkenes, alternatively, C, to Cjp alkenes. Illustrative examples include
ethylene, propylene, and mixtures thereof. In still other preferred embodiments,
other suitable examples include C; to Cjo halogenated alkanes, especially
fluorinated alkanes. Illustrative examples include methyl fluoride, carbon



contenpl ated such as a solution polynerization process. The pol ynerization
processes of the invention may be cationic polynerization processes. [001781
I n one enbodi nent, the polynerization is carried out where the catalyst,
nonomner, %&ﬂb&dﬁﬁ% are present in a single phase. Prepera§oysnsbdre

pol yneri zat 'S carried-out in a continuous polynerization process in
which the catalyst, nononer(s), and dilgyient are present as a single phase.
In slurry polynerization, the nononers, catalyst(s), and initiator(s) are
all mscible inthe diluent or diluent mxture, i.e., constitute a single
phase, while S JETES Chid At iRk I W Separation
fromthe dil ugﬁﬁﬂgﬁsfraﬁﬁ% ir.hgd uc’egﬁldlfro no po V%FI%E\L/% |ﬁ(ggaﬁgm’exhi bi t ed
as i ndi cat ed By, iriflubmethane dludmpethangp pndmbitons thérebfie pol ymer and/or little or
no diluent mass uptake as shown in Figure 2. Thus, polynerization in the

di luents of the present invention provides W 2004/ 058829 PCT/ US2003/ 040858
63 for high pesormsy convamd) dtdB, ti9cdlSakibmiingss aft thbRnayi AgOsd iskd w4 t h good
heat transfer, reduced reactor fouling, honpgeneous polynerization and/or
the conveni etR8 asfthey have figesing fempeiaiuserdoyer than thgdesiraddempsratyre afite r esul ti ng
pol ymer m xt 0Q: : 14 Dl r oL orm part
of a slurry. Pgsmglr}g&go%bq%ecﬁ[‘%gh? I?Qﬁl]ﬁe‘&éo (E:} érﬁérg?lﬁggnﬁg? b% ngd's g?lﬁ%{gﬁﬁ] t he
slurry is equakamplesinclydenitrogen, helinm, agoncimlminmrestberbeft enbodi nent, the
concentration of solids in the slurry is present in the reactor equal to or
greater than 25 vol% In yet another enbodi ment, the concentration of
solids in the[801d6)yy i Sld esghdrh@pecyrheatio@l bé aenidvedvisy Yse b hyatiransfef her

enbodi nent, the concentratio f solids in slurry is pr, se]{;ttl B’El?n t(Pe react or
from1 to 70 FRifeAss. spchasin g FeaEiop W ?’Frér?f’?la‘c‘%é%%‘lc)% T PLHLT BRC R solids
in slurry i s mESspRtherizngd Ainie&dndhe bth@Hd. to 70 vol % In yet another

enbodi nent, the ‘concentration of solids in slurry concentration is present
in the reactor from10 to 70 vol% In yet another enbodi nent, the
concentration [6?@179)050' ! dz;lé{s%éénﬁéﬁ Yoa§ UNOUY Frdlitlc0f i Batth $&LRYs ek ife T €ACT OF

from15 to 70%v I n
monomers, diluent, and catalyst are charged to the reactor and then

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

then recovered.
[00177] In certain embodiments, the invention is practiced using a slurry
polymerization process. However, other polymerization methods are

contemplated such as a solution polymerization process. The polymerization

processes of the invention may be cationic polymerization processes.

[00178] In one embodiment, the polymerization is carried out where the
catalyst, monomer, and diluent are present in a single phase. Preferably, the
polymerization is carried-out in a continuous polymerization process in which the
catalyst, monomer(s), and diluent are present as a single phase. In slurry
polymerization, the monomers, catalyst(s), and initiator(s) are all miscible in the
diluent or diluent mixture, i.e., constitute a single phase, while the polymer
precipitates from the diluent with good separation from the diluent. Desirably,
reduced or no polymer "swelling" is exhibited as indicated by little or no Tg
suppression of the polymer and/or little or no diluent mass uptake as shown in

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



anot her enbodi ment, the concentration of solids in slurry concentration is
present 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 tow?ﬁzoffﬁds%z In yet another enbodi ment, the congetismbi/amsef solids
in slurry concentration is present in the reactor from30 to 70 vol% In
yet anot her enbodi nent, the concentratign of solids in slurry concentration
is present in the reactor from40 to 78 vol % [00180] Typically, a
continuous flow stirred tank-type reactor may be used. The reactor is

generally fit AW yakr | hﬁﬁ% ; ' | . u - m xer
or inpell er(s;f&dglﬁh?g% er ngomf:eglo | ngﬁigg%%%d?égngﬁggs},ﬁ%r aflﬁlcg%(fdl 1‘rifi{gi:;‘{)t ubes
and/ or coil s, transfen hedusrdarsmctof foalingi hogmodesedisapolyinepiadtione mhd/at ither t o
maintain the desired reaction tenperajure. inlet nmeans ch i nl et

. . t 1 O

pi pes) for rmr’?8’f‘?é°?’§?°eﬁﬁe Ewgna{ﬁg‘%fﬁﬁ Qqu‘ng’E“E CP% |Hﬁe B"%E@B,%QP Ty),

t enperat ure sesiglufy neans, and an effluent overflow or outflow pi pe which
wi t hdraws pol ynmer, diluent and unreacted nononers anong other things, to a
hol di ng drum or quench tank. WD 2004/ 058829 PCT/ US2003/ 040858 64
Preferably, t HGRCt Or Ty Itith@ e TR cRlr W ideg in the
art wll rec g%zg pro%%%feggéggg’flgﬁlg% .g]%grg_{}?‘{gﬁﬁ f%gﬁ?f%ﬁﬁ'eg}:tors are
preferably desngembodimentothecencegtrattbnrifthiersglids inttheslunp issdqualt toan dreatenoner s

wi thin the reagctar, od_turbul ence. across or_wt.hin.t . heat, transfer
Fubes or cor | Shanotfeyedfeo dm hndfeieGtp it S ohentielioh 8 folfl it R U e 1 o
avoi d excessi \peespitl jie a@GtoNEqRbl @ P! gré@@atiahi D5 YolBm tTheyddi dnothet . [ 00182]
O her reactors that nay be utilized he prﬁctlce of the present

In.t C
i nventi on i nclegtpedigent desconsentetian OFé‘g@Fd?éhea RTE g AessthaR 05 eQRE IR bt capabl e

of  perform ngof,C ANyt AHOHS Shbbdinier?! Q8 8SiRentrdliBn LE 8GR in BIHTY ié pR&kt er can be

of the up-punping variety or the down- pung ng variety. The'reactor will

contai n suf f iletheneactordiom b taof0 yal%. dayel apgtherssnshadiment, thi eonsertsation of nvent i on

effective to a r | t r £0 [N

feed. stream Susgﬁzist if%%lﬁré& R pPRLYR' 1hé IR} BIm % TONRMR! FOYLAHIHAP
embodiment, the concentration of solids in shurry 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 shuty concentration is present in the reactor from 25 to 70 vol%. In
yet another embodiment, the concentration of solids in slurry concentration is
present in the reactor from 30 to 70 vol%. In yet another embodiment, the
concentration of solids in slurry concentration is present in the reactor from 40 to
70 vol%.

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

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



sufficient anount of polynmer having desired characteristics is produced. The
feed-streamin one enbodi nent contains a total nononmer concentration greater
than 5 wm % (based on the total weight of the nonomers, diluent, and catal yst

systen), pPRA} Sdodbdsyze0r €ater than 15 wt% greater than 3@ciGdoRoaRat her
enbodi ment. In yet another enbodi nment, the feed-streamw | contain fromb5

w%to 50 wt % nononer concentration basg‘g on the total weight of nononer,
di luent, and catal yst system [00183] In sone enbodi nents, the feed-stream
is substantially free from silica cation produci ng species. By

substantially f&@‘ﬁ f ihS inddcff 1€ Al : | S Pk &Rilel tin | t hat
there is no ml));é;a t lghmg.ro%%glmgd;ggépg%w?ﬁghgotgﬁ %\X&b}llegtﬁ? Iﬂ%fﬂ[? € nononers
of these sili cawogazs prop@rasstmblynapdsyperiiers. in the feed stream Typical

exanpl es of silica cation producing species are halo-al kyl silica conpounds
havi ng the fornmul a RLR2R3Si X or RLIR2Si X2, etc., wherein "R' is an al kyl and

"X' is a hal ogeui81jThe rE@Clehdbrs e phetcrdDs dsdidnkd ReddivengdddahixfipsSifiad| e
tenperature, pressure and residence tine are effective to maintain the
reacti on medcaalstandreonames Withingthe reasters gpody tyrhyleace AErosfeQy Witlindbg yner s

havi ng the degj # St UWE‘& - i ically
substanti al | yﬁ}: E{rtg%nsot?hg%%&%%gﬁig%ogggg CT/ USZ%J£%4%%£%m€5%}ﬁW%€r'i ty
whi ch is advetsaiojd exsessiviepelymier hcquhmalation at separationifremitheedipshty mer i zat i on
conditions. For exanple, In some enbodi nents, the nononmer feed preferably
shoul d be substantially free of bases (such as caustic), sulfur-containing

corr:pf)unds (suqe0182] H2S, OfeSreattoth mgma%bmﬁﬁwﬁ nthe peactice oftehprksener capt ﬁn,
et Yy rrercapt an), .nitr en-contalnin ases, X en contalinlin ases suc as
al cohol s and ﬂ%‘)énﬁl‘?”f(@cg‘aﬁ\%ﬁéPnYFﬂﬂﬁrﬂ?_grre%’éﬂ @Fgﬁg‘g%‘ﬂ?ré% g‘eﬁ"(ﬂ?é’,agftbgfpf’ ally not
less than 95%&192?2@% 2Bortiphsds HrBf prabdes CIRE Ribtor PRAF iMpelleLEBYofMRd | eSS

than 98% not " | _than 99% In preferred enbodinents the inpurities are
present at | e3B-Pumping YOleg0Or shamdoBR-PHmpHIs: yaricht of Bicarsagtor @l qontein 500 ppm

preferanly | esimial aothes 8P e DAAUS'HREN bEBS Fhak AROnRALTAGRL g 201 v Tess

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 wit% (based on the total weight of the monomers, diluent, and catalyst
system), preferably greater than 15 wi%, greater than 30 wt% in another
embodiment. In yet another embodiment, the feed-stream will contain from 5
wi% to 50 wt% monomer concentration based on the total weight of monomer,

diluent, and catalyst system.

[00183] In some embodiments, the feed-stream is substantially free from
silica cation producing species. By substantially free of silica cation producing
species, it is meant that there is no more than 0.0005 wt% based on the total
weight of the monomers of these silica cation producing species in the feed
stream. Typical examples of silica cation producing species are halo-alkyl silica
‘ compounds having the formula RjR;R;3SiX or RiR;SiXy, etc., wherein "R" is an
alkyl and "X" is a halogen. The reaction conditions will be such that desirable
temperature, pressure and residence time are effective to maintain the reaction
medium in the liguid state and to produce the desired polymers having the desired
characteristics. The monomer feed-stream is typically substantially free of any



[00184] As is normally the case, reaction tine, 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 I pol ymer nol ecul ar wei ght and the nEFRQERb03IR088E
pol ymeri ze‘&g‘ég&%sgﬁ% as standard process variable and econom c

consi derati ons, rate, tenperaturg control, etc. The tenperature for
the pol yneri zatlon is less than 0C, pre% erably between -10C and the
freezing point of the slurry in one enbodinent, and from-25C to -120C in

anot her enbodi 3 t

tenperature is r%ym‘%hz%y t%@&%l%?éacﬁ%%h'{ﬁ@&%@t%d@x”ﬁ%% I n yet anot her
enbodi ment . | ponditionan didn examiple; nafxinge embmﬂmaﬁs;tt,hemtmlomeﬁ@drmierablyr ange is
from-80C to -,100C.. Cons tl fer eactlo itions.will

pr oduce produﬁtfoél?‘gfbedis"'l}tf g’g‘ﬁﬁ@ r%qeegt ﬁ/\gf'ﬁht as °§9 ‘Flgm&f’ 'Eﬁlé“g desired
reaction produ&h%mas tbacaebmﬂacbstéaﬂrcﬁgamnerbipmwgag;rmtﬂyomea@ tahe course
of the reaction by the exam nation of npl es taken peri od| cally during the

reaction; a té@ﬁhﬂfﬁ@l’w é]l?"@ﬁﬁp@%épﬁ hﬂtheoxé’E?n °P'@I®‘J“.83‘Sl 4sps SUGlr &F err ed
enbodi ment, gﬁf ééﬂﬁﬁéﬂ?& 'ﬂ&é\@f‘ﬂ% &ﬁéﬁ@e&%ayﬂ!fe@hﬂﬁr iGN \ﬁ%t fele freezing

poi nt of the uent, prete |n 8C above ezl poi nt of the
di l uent, pref taad5% baSBCthtcs@ Qiftﬁmecmt,fm@ezxﬁqablmmlﬂss tham?é%;lmb’uent

f bI ithig 4 ks f..the dil f bI
By EhenoC abol Bt IR et kERRHRENE U bBiich e il ool o 00
2004/ 058829 Pﬁpb@gﬂﬂ&bﬁ%ﬁ) pfeferdbl{ 1a0 Qi 500 @piu, pesteraily ess tharof50 he

di luent. For the pu i s invention, an the clains thereto when the
phrase "wi t hi BORTEISEAR FﬁethQS&zn ffg‘frﬁw&ss 10PPBent " is used it neans
the freezing point of the diluent pI us X C. For exanple if the freezing
point of the diluent is -98C, then 10C above the freezing point of the
diluent is -891918?1)01861]\5mmelérﬂn@nsepre@gmt@nwtbmpmensmcamm@no to

14, 000 KPa | 140 oy S B RAbiadil Bl sfhiltF Fodirs Sk lkctle BRG hoichligm 7 kP2 1O

weights. The polymerization reaction temperature is conveniently selected based
on the target polymer molecular weight and the monomer to be polymerized as
well as standard process variable and economic considerations, e.g., rate,
temperature control, etc. The temperature for the polymerization is less than 0°C,
preferably between -10°C and the freezing point of the slurry in one embodiment,
and from -25°C to -120°C in another embodiment. In yet another embodiment,
the polymetization temperature is from -40°C to -100°C, and from -70°C to -
100°C in yet another embodiment. In yet another desirable embodiment, the
temperature range is from -80°C to -100°C. Consequently, different reaction
conditions will produce products of different molecular weights. Synthesis of the
desired reaction product may be achieved, therefore, through monitoring the
course of the reaction by the examination of samples taken periodically during the

reaction; a technique widely employed in the art.

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



enbodi nent, from 100 kPa to 2000 kPa i n anot her enbodi nent, from 200 kPa to
1500 kPa i n anot her enmbodi ment, from 200 kPa to 1200 kPa i n anot her
enbodi ment, and from 200 kPa to 1000 kPa in yet another enbodi ment, from?7

kPa to 100“)6%01,& %got her enbodi ment, from 20 kPa to 70pédigsiotsaness her
enbodi nment , fromﬁ kPa to 60 kPa in yet anot her enbodi nent, from 1000 kPa

to 14,000 kPa in another enbodi nent, im 3000 kPa to 10,000 kPa in anot her
enbodi ment, and from 3, 000 kPa to 6, 000°kPa in yet anot her enbodi nment.
[00187] The order of cont act| ng the nononer feed-stream catalyst,

|nitiator, angedl, &b‘é{hﬁ} ofﬁ: E&teﬁfﬁ}c’cﬂé 8se§8fﬁﬁ§% Emn%x?&)l%] In

anot her enbodl nen ew s acl pre--contacted by
m Xxi ng t oget héhe clmntshhersfal \ebemettle thias&ehhtlﬁmﬂ{“ﬁl iﬂ:roescthel f.ventugrmnttofahe tinme

rangi ng from 1. .seco to 10hurs en.is inecfed jnto the

conti nuous re ’Fﬁ’?“cﬂc}ﬁﬁwﬁnsctg? F"g?ﬂgpl‘? ?%E‘ g’r‘l“?rﬁjpﬁ‘gsf ﬁ rflﬁbﬁffaﬂpé& In yet
anot her enbo@ms&bezxﬂgeymﬁt JFahéldinfest ik DIB°Ciheh ROT alve tRIERink Poinb6f I €act or
separately. In another enbodi nent, the i nitiator is blended with the feed

mononer s bef oitke dilugptagt8836. t o the reactor. Desirably, the monomer is not
contacted with the Lewis acid, or the Lewis acid conbined with the
initiator before the nononers enter the reactor. [00189] In an enbodi nent
of the inventi[#i86} he i The reatibon pmsjiuteewﬁllsbeaﬁ"bm aboee Oatblléwéﬂki’milpme cont act

by m xi ng toget e s cte il uent, at t bet ween -40C and
the freezing B %ﬂ‘gm’teg ﬁet(ﬂ‘ga tfc‘j} eﬁ? jﬁébéﬁig% 04/ 058829
PCTI US2003/ 04 @#b8dinfert, tfﬂonfmuemwom IaHa ﬁ%@ﬂ@ﬁexﬁmxaaytefrah 200&Ps to and

bet ween 0.1 seconds and 5 mnutes, preferably |l ess t han 3 m nut es,

preferably betli@rkPs m gaethergsmbediment, fom, 200pkPa te VrQPelS]?q & angther ¢ he
reactor. | OOI%MeﬁQ%@gonﬁma{%r‘ltW@kaﬁ lﬁ’?rét%%ﬂfef eRbodifient ftbli-At Or and

Lewis acid are allowéd to pre-contact by m xing together 1n the sel ected
di luent at t dRpdeakllrkRa liretanether gobadirent,] 018, 20 ykiactal T kBatineantherl0C and

- 98C. 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.

[00187] The order of conmtacting the monomer feed-stream, catalyst,

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

[00188] In another embodiment, the initiator and Lewis acid are pre-
contacted by mixing together in the selected diluent for a prescribed amount of
time ranging from 0.01 second to 10 hours, and then is injected into the
continuous reactor through a catalyst nozzle or injection apparatus. In yet another
embodiment, Lewis acid and the initiator are added to the reactor separately. In
another embodiment, the initiator is blended with the feed monomers before
injection to the reactor. Desirably, the monomer is not contacted with the Lewis
acid, or the Lewis acid combined with the initiator before the monomers enter the

reactor,

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

between -40°C and the freezing point temperature of the diluent, with a contact



[ 00191} 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

nmol ecul ar %ﬁb‘} osse9d generally will be between about gcieYsesseosds and
five hours, and typ| cally between about 10 and 60 m nutes. Vari abl es

i nfluencing residence tinme include thegononer and diluent feed injection
rates and the overall reactor vol une. f00192} The catalyst (Lewis acid) to

nmononer ratio utilized will be those conventional in this art for _
car bocat | oni ¢ fye péleh 4701 QEboRELERPSESrl hourdhd RHREA] U8 Neofiastalg § vent i on,
t he nonomer to catalyst nole ratios wll typically be from500 to 10000,

and in the randsuiesi predaably des3ban Brmmnm,hﬁ@ exabriyobitween 0.2 sepondstandriot her
desirabl e emﬁg@ﬁ?ﬂéfgmtﬁg%ratﬁt% ﬁfre%&w s acid to initiator is from 0.5 to

10, or fromO verall conctentration of the initiator in the
reactor is typically from5 to 300 ppmor 10 to 250 ppm The concentratlon

of the initi in the cataly eed sifreamis, typicall 50 to 3000
ppmin one iﬁ?gé?]rrent nAﬂﬁ’Sﬂ’r‘?éF“\&?B ﬁéé‘@ IpyRat Pﬂ’e&’ﬁ °" M ator in
the reactor i gciBVare aflSw@ima 'B}e-éd%'taéi 'by%fxihgt Rehe WeHe sél&té&”&l&ﬁpﬁﬁ' ment,

there is from0.25 to 20 noles polymer/noleinitiator, and fromO0.5 to 12

mol e pol ymer / tehpsraturey bedvenn 80randahiﬂ°ﬂeﬁy’p!eaihﬁlﬁt\nmt-40m$§°crhe reactor wll
contain sufficient amounts of the catalyst system of the present invention
to catal yze the polynerization of the nononer containing feed-stream such

that a suffi cijggiv1janounTheddveRl resiténch dine igithe esuctop dan CAIH) depbiR¥ingSiposs i S
produced. The fee taégr eam.in one enbodi nent contains a, total W 20041058829

PCTI US2003/ 046855atalyst agiyifrernd comeaitietion iranogies spreenirpigh, Sepd usFtitased on
the total weight Ghadclign rﬁf@”f&ﬁ@ﬁo’% teﬁipleﬁﬁﬂé ar@Ngbsfrad %di&ﬁﬂé%ﬁé@ﬁ) ancEr eater

than 25 wt % in anot her emnbodi ment . yet anot her enbodi nent,
f eed- st r eam wigeterallynwill he foetyaes (abowk %fc\@s SBODEE wﬁlﬁmnbﬁ“r%(ﬁﬁdefﬁplﬁdiyi on based

on the total Wwalalt ;R 7540486 mmgt'eé.u%%abl%qgﬂﬁ&kﬂgyrﬁld&\ég 4D include

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

[00192]) The catalyst (Lewis acid) to monomer ratio utilized will be those
conventional in this art for carbocationic polymerization processes. In one
embodiment of the invention, the monomer to catalyst mole ratios will typically
be from 500 to 10000, and in the range of 2000 to 6500 in another embodiment.
In yet another desirable embodiment, the ratio of Lewis acid to initiator is from
0.5 to 10, or from 0.75 to 8. The overall concentration of the initiator in the
reactor is typically from 5 to 300 ppm or 10 to 250 ppm. The concentration of the
initiator in the catalyst feed stream is typically from 50 to 3000 ppm in one
embodiment. Another way to describe the amount of initiator in the reactor is by
its amount relative to the polymer. In one embodiment, there is from 0.25 to 20
moles polymer/mole initiator, and from 0.5 to 12 mole polymer/mole initiator in

another embodiment.

[00193] The reactor will contain sufficient amounts of the catalyst system
of the present invention to catalyze the polymerization of the monomer containing
feed-stream such that a sufficient amount of polymer having desired

characteristics is produced. The feed-stream in one embodiment contains a total



[ 00194] 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 poI yner per pound of catalyst and desirably in the range of 4000
pounds of %m% sgp@l pound of catalyst to 1000 pounds e¢T/elissiefsseer pound
of catal yst controlling the nolar ratio of Lews acid to initiator.

[ 00195] I n one enbodi nent, the polyneri é gtion of cationically polynerizable
nononers (such as pol yrreri zation of isobutylene and isoprene to form butyl
rubber) conprises several steps. First, a reactor having a purrp i mpel | er
capabl € of UPRiBRENGorRE mﬁewgr&wmagze%ﬁw&m% ENBte et R | ©F 1
typically driven by an electric notor wth a' neasurabl e anper age he
reactor typi caiolnymbs, eiduerp,peddwatdiwqbasyaﬂeingl greetet itbal ead¥a dm dnothes Wit hin a

j acket contain d thylene.. The total. internal..vol i n¢l udi ng the
tubes, is grgg‘k’g‘ﬁmf W? &gg?qﬂgo‘gpg t’t'f&fﬁg ypville § fro ﬁe vol ume
pol yneri zati om% tbemc\w/@ REonomee cérRastBion thisdidCal thy t@t‘éleﬁreﬂghﬂblf fhofidhet] ene to
draw t he heat of the_  polynerization reaction away fromthe formng slurry.

The punp i rrpeldil‘é?ﬂt’lé@@ﬁ%mwﬁs&%?@t ant flow of slurry, diluent, catalyst system
and unreacted nononmers through the reaction tubes. A feed- stream of the
cationically polynerizable nononer(s) (such as isoprene and isobutylene) in
a pol ar dil uel@0194] char Gaalystnefiicianhe (besedt on, Lewie dcdddimsttheawadtantsi ni ng

| ess than 0.0005 wt % of cat rodu ca.c ound nd ically
free of arorralmaémﬁﬁ?ffoﬁ%t?vgen Wf@ocgg?'é?‘ﬁscfr}g%o%?eérﬁer Pé’g?"‘ﬁsﬁ °8%%YF§%‘H‘ ?%fo t he
reactor, the o¢atuflsysft polyiséreper wuhd dfatabyst anddedrablydinathe tafigd bAU000 pr esent

in a m)lar rati o of fromO 50 to, 1 in the reactor, the f ed stream
of monomers aRAURdsEEPOYMeEperPaRRde a@ﬂ&%%@%ﬂ%@i@? lymiee perROUAE Pt ¢ he

reaction thus ek dGofrsibg the nRflarefiy SR evliSatsdioAsitiatek.y| rubber), wher ei n
the solids in the slurry has a concentration of from 20 vol%to 50 vol %

Finally, the WO 2004/ 058829 PCT/ U82003/ 040858 69 thus forned polynmer (such

gﬁt ??Jm I rﬁgbm Pg]ssal l?’t aneous %teﬁk\?m r%geatch&g’?ltgg:gaa%%gre%f?nn %ﬁﬁﬁﬁi o

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
greater than 30 to 50 liters, thus capable of large scale volume polymerization .
reactions. The reactor typically uses liquid ethylene to draw the heat of the
polymerization reaction away from the forming slurry. The pump impeller keeps
a constant flow of slurry, diluent, catalyst system and unreacted monomers
through the reaction tubes. A feed-stream of the cationically polymerizable
monomer(s) (such as isoprene and isobutylene) in a polar diluent is charged into
the reactor, the feed-stream containing less than 0.0005 wt% of cation producing
silica compounds, and typically free of aromatic monomers. The catalyst system
is then charged into the reactor, the catalyst system having a Lewis acid and an
initiator present in a molar ratio of from 0.50 to 10.0. Within the reactor, the feed-
stream of monomers and catalyst system are allowed to contact one another, the
reaction thus forming a slurry of polymer (such as butyl rubber), wherein the
solids in the slurry has a concentration of from 20 vol% to 50 vol%. Finally, the



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 orwoWglsoSssadreat transfer surfaces, agitators angtOgs:bd¥RGdss€r (S)
and in the outflow line or exit port, as neasured by pressure

I nconsi stencies or "junps."” [001961 In e enbodi nent, the resultant polyner
from one enbodi nent of the invention isS a polyisobutyl ene/isoprene pol yner
(butyl rubber) that has a nolecular weight distribution of fromabout 2 to

5, and an uns real | r . . oner.
Thi s product %‘g fgrgﬂeg[}a?}&{ré%gg b@%’{)g‘é’%‘z h{mr?gllegg%ﬁégﬁlg nqgétcgorg“f) ord a
hal ogenat ed buat plitletwlpatflow el Ohile dimubiarebinty alboviogl thesfeed-stidam ¢havgdmg | on

relates to: A, A polyneri,zati on procesg conpr.i sing contactjng.one or nore
NDNONEr s, onet(b_r °Le\m"§_ &® Wiy ﬁ’ﬁe %‘]ﬂ‘b‘?"‘é i WaPBiryE%Pﬁan‘wtnhe
presence of a Adivhat@sHouslyRE pRbendin9ition im s thidy#6REd MARedePoNgaysl 1F C s):
B. The process of paragraph A, wherein the diluent conprises 1 to 100

vol ume % HFC B&sdy diimatelheedueing the\asaauit obpolymer gncpmalation on thheeagiopcess of

Paragraph A o,f H’@F&&ls?efrtsgﬁ%/éé@;ggﬂé’tﬁrsganﬁjgﬁgxﬁgélfe't@b Pﬁ%ﬂ?%@%ﬂw iffe O ITOT €

at -85C; D. The process o paragra erein the pol yner
has a di | uent onedtparfhskeasfed bygressira incénsisterifiestor "jatnps.pr ocess of any of
paragraphs A, B, C or D, wherein the diluent further conprises a

hydr ocarbon; F. The process of any of paragraphs A, B, C, D, or E, wherein

the initiatofooigépel eCI@@hefmﬁﬂtﬁt,ﬂieQﬂﬁﬂﬁﬁtgﬁl dr F@ndéneletibioafrent bal i des, a
carboxylic acids, water, tertiary alkyl halides, and m xtures thereof; WO
2004/ 058829 Pir Mysptingaysoa Plygsobiftylenc/isoprene polymer (butyl rubber) that has a

molecular weight distribution of from about 2 to 5, and an unsaturation of ﬁoﬁl
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.

[00197] 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
the presence of a diluent comprising one or more
hydrofluorocarbons (HFC's):

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

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

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

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

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



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-
nethylstyrene al pha- et hyl styrene, divinyl benzene, diisopropenyl benzene,

i sobutyl eng, Wedsbg! -1 - butene, 3-nethyl-1- butene, 2-mpehxikaodsbRgizene,

| sopr ene, bd%aglenes 2,3-dinethyl - 1, 3-but adi ene, ! 3-pi nene, nyrcene,

6, 6-di met hyl -ful vene, hexadi enes, cycl gpentadi ene, nethyl cycl opentadi ene,
pi peryl ene, 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 styrepnic blgck co t he .cont actj,ng step;
| . The process of any of é’f%@g %fyagl?'ﬁp%agr&&sbie% CFB ]%'i OFCV& &’el n the
tenperature is OC or | owidnombrs arBgelputarian thyroap cOBisti@p dP biyrofe, fara-C, D, E,

F, G H or I, wherein theterrperatur svmt in 1OCaovethefree2|ng

point of the diluent; ethylgtyionecess BP %TW styeheagr aphdvimylbgnzepe, p E F,
G H 1, or 3, wherein <£1§ﬁ3r§ﬁéﬁ&fb¥nﬁzﬁe,§é69§t§r&ﬁé 'zainle&lyﬁp%ﬁiéhe %tm&ﬁ)trl?l '— The
process of any of paragraphs B, wherein t he

tenperature is between -buBBE aﬂdeth)ddﬂ?entw@sf lsopngng; butalhenesMZ Mmewbcess of

any of paragraphs A B, g . rocess
conprises an initiator §|’e ?%Eb?%an(%lﬂgnﬁm vvgt“%lpe’( bagghaﬁﬁ'ﬁ%ﬁl éegveaﬁ and
N. The product prgduced H&xacﬁétm?,oégcwm@ﬁﬁ&hme&yl Bycl&penﬁdaeﬁe, ﬁﬁerﬁené'i f |h J,
K, L, or M 0. A bayonette cool ed reacto temutilized wt anyo t he
preced| ng processes to pr&Ecwngh ftﬁL i@é‘&ﬁrﬂ&o L ik ether, dmdpayonette
cool ed slurry reactor sxﬁlgcﬁﬂgs%ér&f,zed (use) w th any of

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 shurry is substantially absent of water;

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

M. The process of any of paragraphs A, B,C,D,E, F, G, H, 1, J, or L,
wherein the process comprises an initiator greater than 30 ppm
water (based upon weight); and

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

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

P. A bayonette cooled slurry reactor system utilized (use) with any of
the preceding processes to produce any of the preceding polymers.



t he precedi ng processes to produce any of the preceding polynmers. WO
20041058829 PCT/ 1JS20031 040858 71 | NDUSTRI AL APPLI CATI ONS [ 00198] The

pol ymers of the invention provide chem cal and physical characteristics

t hat make @0941 y useful in wide variety of applicapitrosoosfiaesss| ow
degree of rire ity to gases accounts for the | argest uses of these
polymers, nanely inner tubes and tire ipperliners. These sane properties are
al so of inportance in air cushions, pneumatic springs, air bellows,

accunul ator bags, and pharnaceutical closures. The thermal stability of the
pol ymers of t RRDUSTHAAL APPIPHATIORR | deal for rubber tire-curing bl adders,
hi gh tenperature service hoses, and conveyor belts for hot naterial
handl i ng. [00199] The pol yners exhlblt hlgh danplng and have uni quel y broad

danping and s bsor |on [ a n uency. They
are useful in%ryol%ﬁd ru epobrg%tng g %n&%e 8 grédf ﬁ’g‘”&Pormbi |l e
suspensi on burhaderistivd maemhmlthbmhﬁglgja Iu&,fulan dwﬂmvlanemjb ufliﬁ)hceiﬂbﬂioﬂme The

pol ymers of the ipstant mvengﬁlon are also useful in tire ngg |l's and

tread compound®¥ 4eRrE| ofe Remeabilify, to @G??rr@f“’%f%c#@r jaggest aisgs 3¢ good
ozone resi st apgRmefd, ﬁ&hel?li'ﬁneghﬂy‘éﬁ Bnd 8GRARRA! AHeSe sahltEprBfiridiRiSalef t he

I nvention may al so be bl ended. Properly forrrul ated bl ends with high diene
rubbers that &finpertanghinsar eeshinostimeuwnetic spriapy ainkeliowamccundetan bags,

| npr ovenent s EHR# ce S ction

wi t hout corrprom&?es I'n rggo:ggrﬁkre’g?é;;ﬂ%ﬁ%% %ﬁ%ﬁ%ﬁf tﬁé]%og&eg{ )ént:tfééf or high
per fornance timestieamake themcidagll fos rabbeb tirersuning bMde highr eropbrature | NSt ant
i nvention. [00201] Bl end of th ol s of, Lnvention with

t her nopl astic SF%’%"LH Ses CHEWO'F f‘é’&ﬁ’gﬁ'@ﬁﬁeﬂ@ﬁ@?‘ﬂf%se conmpounds.

H gh-density pol yethyl ene and isotactic pol ypropylene are often nodified
wth 5 to 30 wt % of polyisobutylene. In certalnmf{)pllcatlons t he instant

pol yners pr ow[@@”br % toly sy, Srhibit gy amging elyshmad in
thernopl asti ¢ gRLHLNEd %ﬂéﬂk%ﬁgptwﬂ_ RengBOIYETRI fonfPlerdtld€ and frequency. They

are useful in molded rubber parts and find wide applications in automobile

suspension bumpers, auto exhaust hangers, and body mounts.

[00200] The polymers of the instant invention are also useful in tire
sidewalls and tread compomids. In sidewalls, the polymer characteristics impart
good ozone resistance, crack cut growth, and appearance. The polymers of the
invention may also be blended. Properly formulated blends with high diene
rubbers that exhibit phase co-continuity yield excellent sidewalls. Improvements
in wet, snow, and ice skid resistances and in dry traction without compromises in
abrasion resistance and rolling resistance for high performance tires can be

accomplished by using the polymers of the instant invention.

[00201] Blends of the polymers of the invention with thermoplastic resins
are used for toughening of these compounds, High-density polyethylene and
isotactic polypropylene are often modified with 5 to 30 wt % of polyisobutylene.
In certain applications, the instant polymers provide for a highly elastic compound
that is processable in thermoplastic molding equipment. The polymers of the
instant invention may also be blended with polyamides to produce other industrial

applications.



I nstant invention may al so be bl ended with pol yam des to produce ot her
I ndustrial applications. WO 2004/ 058829 PCT/ US2003/ 040858 72 [00202] The
pol ymers of the instant invention may al so be used as adhesives, caul ks,

seal ant s, Wlfzgl@!%#z@g conmpounds. They are al so useful agcrRkmeiibosssers in
rubber forrru atrons with butyl, SBR and natural rubber. In linear |ow

density polyethyl ene (LLDPE) bl ends, er¥ I nduce cling to stretch-wap
films. They are al so w dely enpl oyed in Tubricants as dispersants and in
potting and electrical cable filling materials. [00203] In certain
applications, the polyners of the invention nmake them also useful in
chewi ng-gum as well as in nedical applications such as pharnaceuti cal
st oppers, and [002024rt s fThe mﬂjrmérsrmﬂ ter imstah) @R@Afion meayf alsbobe nged aanpl es

refl ect enbodi nts of i nventi nd are b nmeans jntended to be
limting of_t ‘H’ﬁk Eﬁ?’ﬁ glﬁlﬂ?ﬁ‘l‘.‘é%% aifﬂe“seg‘?

pol yneri zat | Or[ﬁaéﬁﬁi!'z&s Fﬁ?hﬂ)ﬁéﬂ%ﬁnﬁhﬁ&ﬁ vl’nﬁﬂﬁitjrlOSBR,eﬁﬁﬁiaﬁxral RELPAR finr t h @
teflon turbine inpeller on a glass stir aft d driven by an external

el ectrical |y dpwydansidy .pp}ysﬂlylemdlbm) &Aﬂmd@le@mg Andyce tqlﬂ@g dpasirstahen| s i s
noted for ea%ﬂnﬁemgﬁom?@mﬁélp{ d:Lgtg jkﬁfi‘g}]&glfmseasf & ts's[ﬁﬁ' S.t%ngo”s for

the stir shaft t hernocoupl e a niti col n|

sol uti ons. Thendebctriwel cabls fillimphatdridle t he desired reactlon terrperature,
listed in the Tables, by imersing the assenbled reactor into a pentane or
| sohexane bath in the dry box. The tenperature of the stirred hydrocarbon

bath was contrjgh2e3yl t o I Certath hppltRficHsathd polyindrs GEHE EOEHBE maMettherh Ne
reaction nediumwere dried at 120C and cooled in a nitrogen atnosphere

before use. | sBButefehdn (dvingsam.ops Wl gaMabmesticah dpRdaalors sHelosde (A r
Product s) V"ereph%:h&gut'&)élﬂ Nohd B€ aféfor M@H&E‘. three stainless steel

col utms cont ai'ni ng bari um oxl de and were condensed and collected as |iquids
in the dry box. Alternatively, nethyl chloride was dried

[00204] The following examples reflect embodiments of the invention and

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

[00205] The polymerizations were performed glass reaction vessels,
equipped with a teflon turbine impeller on a glass stir shaft driven by an external
electrically driven stirrer. The size and design of the glass vessels is noted for
each set of examples. The head of the reactor included ports for the stir shaft,
thermocouple and addition of initiator/coinitiator solutions. The reactor was
cooled to the desired reaction temperature, listed in the Tables, by immersing the
assembled reactor into a pentane or isohexane bath in the dry box. The
temperature of the stirred hydrocarbon bath was controlled to + 2°C. All
apparatus in liquid contact with the reaction medium were dried at 120°C and
cooled in a nitrogen atmosphere before use. Isobutylene (Matheson or
ExxonMobil) and methyl chloride (Air Products) were dried by passing the gas
through three stainless steel columns containing barium oxide and were condensed
and collected as liquids in the dry box. Alternatively, methyl chloride was dried
by passing the gas through stainless steel columns containing silica gel and

molecular sieves. Both materials were condensed and collected as liquids in the



by passing the gas through stainless steel colums containing silica gel and
nol ecul ar sieves. Both materials were condensed and collected as liquids in
t he WD 2004/ 058829 PCT/ US2003/ 040858 73 dry box. Isoprene (Al drich) was
dried overwgazlmg ydri de and distilled under Argon. pciBilondiRbgss ene

(Al drich) drred over cal cium hydride and distilled under vacuum TMPCl
(2-chloro-2,4,4,-trinmet hyl pentane) was E;epared from

2,4,4-trinethyl pentene-1 and a 2.0 nol/L solution of HC in diethyl ether.
The TMPCl was distilled before use. The HCI (Al drich, 99% pure) stock

c fore use. The H )
VEQl to achi oG8 B0 g (RNRRR) Ynf ifh O fin? pBRM bnd Ol 808 1

were col | ect edrgm. clb-éwtathylsty:eﬁc)(Aléﬁ@)IWaqLdrﬂd oxer ez@ﬁﬁinvhyldﬂdmamﬂdmallecbcel ved.

Hydr of | uor ocar bpns t hat vi si bl e i nsol u

precipitates ‘P T gEERRY e{ﬁ?g rz?’I‘:}él ‘gg’f‘o m%@"gp g ‘f@'ﬂ?" used as

received, MSZ@WQ%&&WI%@ e15@d 2330 GnollLi §Hkitebn dﬂﬁ&laﬂmm&uaﬂa&* Cheor i des
used as

(Al dri ch) wer e drocarbon sol utions, These solutions were either

pur chased or (el rveag di ﬁﬁli’#@mﬁ’éﬁt he | HGH (AL Wﬂ?ﬁfﬁ%"&ﬁ@é‘ﬁﬁ@éﬂo‘{m%l The
slurry copol yg%?h%é‘ﬁoggiﬁ?l roca B AP Y ﬁCP?é%'xH'dﬂgMe@beO{Eﬁfe v@h% cormononer

into the liqu on at po I zat1’on tenperature and
stirred at a %@ndeittmnmlb}sd/eght rrmgyépﬂwombmdmtm ¢odlediod s clcqmm The use

of a processo ntrol l.ed el ric stlrrln dcotrol t he
stirring speeﬁ"lf”g ]? 1% at %ﬁ? YHE Psﬁfit? F‘FE i nﬁﬁ&"ﬁﬁe |@ﬁ wer e
prepared eit hgimdifedt B@u&}é’ gf @hd Wﬁ@%%%l@krecfp%te?%ﬂ\@wm?e Hfsn?éﬁﬂ | -scale

experinments, in a small "volume of neth loride. The initiator/coinitiator
sol uti ons wer befprecpssy eli‘.topgneo[ﬂéckmh)uusgi am;cmmed,lvsasmondmcﬂ ambugtd| agent

Soruti onof 1 gt ASatfft AFRiRd AR Vot By bbb s okt Lt on

was used imred‘hes“eesbhmons;rh&eldithéri;ﬁ:ﬁ'ﬂfaéddobﬂbiebﬂb@lﬁ'oﬁoﬂhahbﬂmlmﬂumﬁﬂﬁﬂ dr opwi se

to the pol yrre | on using a chilled gl ass Pasteur pipette or, optionally,
a j acket ed dr 8isBioRges unnel for
[00206] The slurry copolymerizations were performed by dissolving

monomer and comonomer into the liquefied hydrofluorocarbon at polymerization
temperature and stirred at a pre-determined stirring speed between 800 to 1000
rpm. The use of a processor controlled electric stirring motor allowed control of
the stirring speed to within 5 rpm. The initiator/coinitiator solutions were
prepared either in the hydrofluorocarbon or, for convenience of small-scale
experiments, in a small volume of methyl chloride. The initiator/coinitiator
solutions were prepared by dissolving the initiator into the diluent (specified in
each of the examples) and adding, with mixing, a 1.0 M solution of the
alkylaluminum halide. The initiator/coinitiator solution was used immediately.
The initiator/coinitiator solution was added dropwise to the polymerization using a
chilled glass Pasteur pipette or, optionally, a jacketed dropping funnel for
examples using the 500 ml glass reaction vessels, When a second or third
initiator/coinitiator addition is specified in the examples, we refer to the
preparation and addition of a second or third batch of freshly prepared
initiator/coinitiator solution identical in volume and concentrations to the first
batch. The physical behavior of the rubber particles and the state of fouling was
determined at the end of the addition of each catalyst batch by stopping and



exanpl es using the 500 nil glass reaction vessels. Wen a second or third
initiator/coinitiator addition is specified in the exanples, we refer to the
preparation and addition of a second or third batch of freshly prepared
initiator/ gy i r solution identical in volunme and k@S to the
first batgﬁiﬂﬁﬁgﬁ%ﬁysical behavi or of the rubber partig?ggggﬁg@?ﬁg state of
fouling was determned at the end of th addition of each catalyst batch by
st oppi ng and WO 2004/ 058829 PCT/ US2003/ 040858 74 renoving the stir shaft
and probing the particles with a chilled spatula. Stirring was begun again

and the reacti h ] L 1] t 10Q. .microliters
of net hanol . n?/‘g#%ﬂ%nﬁggm?%%%&rﬁggﬁggﬁevgﬁgﬂgg%%:%?iegfgﬁ?ﬁé& nofrer s

SEC (Size | EXGruson Chronat bor anhy S| o 4 W ers AL Lt once. 2600 )
separati ons nﬁ’éiﬁ‘i°’eiter%$£ilﬁ ‘&n tﬁog%ﬂ’%% Ifdgpatied af, (veighhRegseat A??Othe

differential rnggnbﬁﬁ}s%ggﬁ{edtg@gl tpr. Tetrahydrofuran was used as eluent (1
m/mn., 35C) with a set of ers Styragel HR 5 colums of 500, 1000,

2000, 104, 105 and 106A pore size. A calibration based on narrow nol ecul ar

wei ght pol yis ene r émg;' YREL. .3 r used to
cal cul at e nol gmir wei gh@gﬁgn%aeﬁ‘lﬁst ri Eﬁgl[?élqo‘ﬁegé ?%‘D?g@]%gl s?%\le:r \Qgrrl‘%f ecul ar
wei ght s can bé&xdlsien Gretianpraphy)arsingE@ Watesd Allinaoé 26905 sepgratibds moéule
calibration and run, pr.otocols. The metho of S | so know as GPC or
gel perneati Qr?%‘ﬁ?Mﬁ‘gFﬁ'S‘ﬂ’% _h‘?%er_ﬁtﬁ‘fiaﬁgg)ra% 419 %ﬁﬁgﬂoﬁé@ﬁmﬁ%l ghts
has been revi gaRekol.N TERANydPOHACRAS @RS -as GRS LC h1AAH!, B8°C)S with sel @Y1 €W
provided by L.H Tung in Polyner Yearbook, H -G Ellas and R A Pethrick,
Eds., Harwood WatenStyregdPiHR 5 kelusins dESHOYDO), 2000540°, 1§ andoBD°Aq0re sifer ei n

i ncorporated by reference. I00209] Comgnoner i.ncorpotation was determ ned by

AR epect b rrelibplishRsh 20 Pt Ao GEIE BEEES MO BbuglEnf GRAOEES ent b
(American Polymer Standards) was used to calculate molecular weights and
distributions.

[00208] 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.

[00209] Comonomer incorporation was determined by 'H-NMR
spectrometry. NMR measurements were obtained at a field strength
corresponding to 400 MHz or 500 MHz. 'H-NMR spectra were recorded at room
‘temperature on a Bruker Avance NMR spectrometer system using CDCls
solutions of the polymers. All chemical shifts were referenced to TMS.

[00210} A variety of NMR methods have been used to characterize
comonomer incorporation and sequence distribution in copolymers. Many of
these methods may be applicable to the polymers of this invention. A general
reference which reviews the application of NMR spectrometry to the



corresponding to 400 MHz or 500 MHz. 'H- NWR spectra were recorded at room
tenperature on a Bruker Avance NVR spectroneter system using CDCl3
solutions of the polyners. Al chem cal shifts were referenced to TMS.

[ 00210] A %@ b@lhissgio NVR net hods have been used to char gghRish#8n408GgTONONMES
i ncorporation and sequence distribution in copolyners. Many of these

nmet hods may be applicable to the polyne of this invention. A general
reference which reviews the application of NVR spectronmetry to the WO
2004/ 058829 PCT/ US2003/ 040858 75 characterization of polyners is H R

Krichel dorf i gpRPokfiiBtonY: e R, Iﬁ_rglh-bl%rfa}f?cf’ B%é @ '[’%I .GEds.,

Har wood Academ ¢ Publ i%%ﬂ‘?%vsvlmr K, 84, "pg < X J& ’e?lg'i(?f

i ncor por at ed Blias aniddt.ehRethricB) Edsl) Haraobd Atademie SublisherseNeawt ¥orkyf 1984,

pol ymeri zati ons SANSlLC ed. at -90 tte -983 &ei n hydr of | uorocar bons and net hyl

chl ori de (C}Begﬁ aﬁ%ﬁ@“Tﬁ?”gﬂa gPBB A& (Exanmpl e 11) for conparison. A
100 M glass mni-resin kettle was used for these exanples. TWO
2-chloro-2,4. 4-trinmethyl pentane) was used as .an initiator i t hese

xanpl o Vo HOBMI0853 SR e ARrssbia 08 BB PRLsRaR] eonoctv oty e g
Conver si on Mob i +d 1b-95
Sar 0 8o 21 e 9‘%15059?"'?@8%"%"?2%%%@ Yoo )i Blopite ¢ B 02

0. 99 24.8 297 (Bxamplk B) fer cofifpaiiidnl All®BmHUglass nfifADredintkeRleIvasused foHthedd3CHF2 1. 48

3703 892 22 ampla  TMPQ 2% £lindetiylpefahef was st as' o infaasst T O © 1 48

these examples.



8 -95 CHF2CHF2 0.82 41.0 142 2.3 2.3 9% -95 CHF2CF3 0.39 29.3 106 2.8 2.6
10 -90 CH3Cl 0.58 14.5 397 3.3 1.3 11 -95 Propane 2.37 59.4 67 2.4 2.0 a:
Except where noted pol ynerizations were run with 30 m of diluent, 5.4 m of
| sobut yl eneygnghsfdssgde M of isoprene (IP), initiator/coi rydf,@gzg\{ym@@g utions
were prepared in 1.3 mM of methyl chloride using 1.6 microliters of TMPC
and 11.5 mcroliters of a 1.0 M hexane lution of nethylal 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 qphgacp of MADC e: reaction scaled to
10 M of diluent 100212] Pol ynerizati omrmany of the hydrofl uorocarbons
resulted in rubber particles that did not adhere to the walls of the

reactor or te—the—st+ing—shatt—mH qeY: —t—e—t—heﬁlf—/t-ace of
the |iquid vhen stif ‘ 'P58829 [ M.
PCTI US2003/ (4Exabiple MEMaem W th a
chill ed spatpHa—wheh acti-pn-t enped re—PRolynerii zatign in
met hyl chl or|i del%r es paot{cl estithat adherfd 20 Hot h2t He
react or wal ||[s—ahd—th Hf+Rg—shatt—Fhe—parti-cHes—werp—clearly rubbery
when probed |wi 2f%a. £hi93 efl sEHiR a| whes {estg&d near 30&acti g tlenper at ure.
Pol yneri zat ijea—h “'epane rest-tedi--r—a—two—phasetgui-di-H-gui-d—reagt i on.
The denser phasé& wap e%eaf IyCHiR-;h n0p®| ynerd4Bherle @97t he Iaght er 1.phgse was
rich in propgare—b«prptest+= 400243 —RestH-tSs—or—pet-y-er#Hat+ehy
conduct ed at| -58 to -5B C ar éJH@; ven 188 TabK@l2. [Ex38pl es 1486 and 22 dre
conparative c;\a..y. es— A6 aps—h restrfkett+e—pwas—used—for—t hese
exanpl es. TNPCI5{(2-tht¥ro ZCHa»,QHFz 148 373 842 2.5 1.4
6>¢ -95 CH;CF; 2.89 72.1 327 23 2.0
7° -95 CH,FCF, 1.48 373 384 25 1.7
8 -85 CHF,CHF, 0.82 41.0 142 23 23
9%c -95 CHF,CF, 0.39 293 106 2.8 2.6
10 -90 CH;CI 0.58 14,5 397 33 1.3
11 -95 Propane 2.37° 594 67 2.4 2.0
a Except where noted polymerizations were run with 30 ml of diluent,

5.4 ml of isobutylene and 0.23 ml of isoprene (IP), initiator/coinitiator
solutions were prepared in 1.3 ml of methyl chloride using 1.6
microliters of TMPCI and 11.5 microliters of a 1.0 M hexane solution
of methylaluminum dichloride (MADC).

b: Three initiator/coinitiator batches added to the reactor
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

[00212] Polymerization in any of the hydrofluorocarbons resulted in rubber
particles that did not adhere to the walls of the reactor or to the stirring shaft. The
particles floated to the surface of the liquid when stirring stopped. The particles



trimethyl pentane) was used as an initiator in these exanples. Table 2' Tenp.
Yield Conversion M Exanple (C) Diluent (g (W. 04) x 100 MWMM M1%IP 12
-55 C112172b 1.1 29.0 205 2.2 1.9 13 -50 CH3C1 1.1 29.052 1.51.1 14 -55
Propaneb 1o sfds8ss86 2- 2 1.8 a: Pol ynerizations were rupcihishoodtaobds of
diluent, 5.4 ni|l of isobutylene and 0.23 m of isoprene (IP),
initiator/coinitiator solutions were p?epared in 1.3 mM of nethyl chloride
using 1.6 mcroliters of TMPCL and 11.5 microliters of a 1.0 M hexane
solution of nethylalumnum dichloride b: Two initiator/coinitiator batches
added to the C : - I [ iThe

pol yneri zati ogﬁﬁnﬁﬁéfa%/\ggra%%é%%2%3%5?&%8&%%?9@?&5@5@%39%3 I bited
stiff-rubberyngnyeiction tanmpapatuiei Bolymerization én caathyd \chinridiresplted i rebbehi | | ed
spatul a at react.i;on.t eratu M nor nts,.of .foul in re i dent on
the reactor &%ﬁlf@s ﬁ‘ﬁﬁﬂr@wﬁﬁ? hﬁhgﬁgﬁﬁmﬁgﬁg@ﬂ%gﬁgis%&g s!]ﬂig Eﬁ?@ﬂfﬁ‘}jf’s‘zati onin
met hyl  chl or indee dl&slyIristidry Whéh ptobeiovith £ cldllédigpanila Wwhirytested fear Battord he

reactor walls and the stirring shaft. Ver ittle of the pol ynmer,K was
"suspended” i FHRSENYE] LRAYmEREROMIn P??Pén?n‘%’ﬁli %és’é@'ﬂ@??ﬁ‘ﬁl‘ﬁdgemdon

experinment di i i I shaqc (Tabl e
1, Exanple 11%@%&&%%’?2%%@?%%2%%5%%%&%ﬁﬁiohyéﬁé??\ghggﬁr@é‘%r enser phase
was rich in pwayrichingmopanhe | i ghter phase rich in propane. The polyner in
the presence of the propane diluent was considerably |ess viscous than the
polynmer fornmed in the nethyl chloride run. Exanples 15 - 21 [00215] Table 3
i sts the resBkiampled 1pol4nmeri zati ons conducted at -95 Cin

hydr of | uorocarbon / nethyl chloride blends. A 100 mMl glass mni-resin kettle
was

190213} 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 used for these examples. TMPCl (2-chloro-2,4,4-

trimethylpentane) was used as an initiator in these examples.

Table 2*
‘ Temp. 1 Yield C_ouve_rsion- - M, . -
‘Example | (C) | Diluent | (@) | (Wt.%) | x10° | M,/M, | Mol% IP
12 -55 CHF,® | 1.1 29.0 205 22 1.9
13 -50 CHCl | 11 29.0 52 1.5 1.1
14 -35 Propane® | 1.2 30.9 87 2.2 1.8
ar 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 methy! chloride using 1.6 microliters of TMPCl
and 11.5 microliters of a 1.0 M hexane solution of methylaluminum
dichloride

b: Two initiator/coinitiator batches added to the reactor



used for these exanples. TMPCI (2-chloro-2,4,4-trinmethyl pentane) was used as
an initiator in these exanples. Table 3" Conversion M. Exanple Diluents
Vol %Yield (g0 (W. %9 X10 M /M; MI%IP 15 CH3C/CH2FCF3 95/5 2.97

74.0 234 g@%w%ossgzg CH3Cl / CH2FCF3 90/ 10 1.90 47.0 600 BcPubbaosiss
CH3CUCH2FCF3 85/15 2.58 64.0 435 2.5 1.3 18 CH3CUCH2FCF3 85/15 1.83 46.0

570 2.5 1.7 19 CH3CUCH2FCF3 80/20 1.85.46.6 285 2.7 1.5 20 CH3Cl/CH2F2
80/20 3.22 80.0 312 3.2 1.9 21 CH3d/ CF3 80/20 2.83 70.6 179 2.7 2.2 WO
2004/ 058829 PCT/ US2003/ 040858 79 a: Except where noted pol ynerizations were

run with 30 m I | ue D Rfin SRR . |, soprene
(IP), initiat c!‘r"ﬁ:lgfni tid %lpglyélgpggfulognusl wer g(s%értg%gr%ggirgb‘%sgsgﬁ#go §met hyl
chl ori de usi ngxBibReditiff-aibberphysicdl pidgefiies an evidéhctd by prabing witlsachillad 1. 0 M

hexane sol ution .o et hyl al um num di.chl ori de . b: nmethyl al unj num
di chl ori de ( MAPREN A ZeRCHin {Emperatfre W&Fﬂmgﬁ%ﬁlw a‘él%% € Exanpl es
22 - 25 [ 00216G¢actie swallsSarldOsirRRS ¥RET. | IRlcbMPsriso e Chddphndizatio® if-nRi§1 9i ven in

Table 4. Two batches of initiator/coinitiator solutions were used for each
exanpl e. A 16blogide gsalied inariscousseantingef nobymg on boBythe sracton aells endthel es.

exerl cs. Taplaop etk Mo P BE R T olpbReg it ifhapt Bty {5
103 MW Mh Mol %helpopane based polymerization experiment did not look appreciably different

than the run at -95°C (Table 1, Example 11). Two phases were apparent in the

reactor. The denser phase was rich in polymer and the lighter phase rich in

propane. The polymer in the presence of the propane diluent was considerably

less viscous than the polymer formed in the methyl chloride run.
Examples 15 - 21

[00215] Table 3 lists the results of polymerizations conducted at -95 °C in
hydrofluorocarbon / methyl chloride blends. A 100 ml glass mini-resin kettle was
used for these examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was used as an

initiator in these examples.

Table 3*

Lo : ‘ S ‘ Conversion| M, :
Example]  Dilments | Vol% | Yield@| (Wt.%) | X 10° | MM, | Mol% 1P
Is | CHOUCHFCE, | 95/5 | 297 | 740 | 23 | 35 | 12
16 | CHyCVCH,FCF; | 9010 | 190 | 470 | 600 | 29 | 16
17 | CHCVCHFCF; | 85/15 | 258 | 640 | 435 | 25 | 13
18 | CH,CUCHFCF; | 8515 | 183 | 460 | s70 | 25 | 17
19 | CH;CUCHFCF; | 80720 | 185 | 466 | 285 | 27 | L5
20 | CHCUCHF, |8020| 322 | 800 | 312 | 32 | 19
21 | CH,CUCH,CF: | 8020 | 283 | 706 | 179 | 27 | 22




22 CH3Cl / CH2FCF3 90110 2.35 61.7 84 1.7 2.2 23 CH3C/CHFCF3 85/15 2.96
77.7 77 2.2 2.2 24 CH3Cl/CH2FCF3 80/20 2.37 62.2 82 1.9 2.0 1 25
CH3Cl / CH2FCF3 75/ 25 2.38 62.5 88 2.0 2.2 a: Polynerizations were run with 30
nil of dilyQMopsgasghen! of isobutylene and 0.23 nl of ipeRySHE:EMRss
initiator/coinitiator solutions were prepared in 1.3 m of nethyl chloride
using 1.6 mcroliters of TMPCl and 11.5, icroliters of a 1.0 M hexane

sol ution of nethylalum numdichloride (MADC). Exanple 26 WD 2004/ 058829
PCT/ US2003/ 040858 80 [002171 A polynerization was conducted with

met hoxyal um num dichloride at -95C. The initiator/coinitiator solution was
prepared by dissolving 0.93 mcroliters of anhydrous nethanol into 2.6 n
of liquid 1,1,a1, 2- Exeapt afherecnatet pelpmeriatioc@re Fon thths3Goil of didwendyas4 added 23

mcroliters of a 1, I ol ut i,on,pf et hyl al um sum dichl ori.de. i n pentane.
This sol ution was Eﬁi ?%8{"'{9’% efﬁ%ﬁ%ﬁt‘@s&&“’?‘?@%n SOI'ﬁ@la{S’F{C‘\’RB@a{ﬁF epared in
the sane way. To egagllitiorsOhété pRpared ir22 GirGl (Fimhdtieyl Thidkide using 3.2 microliters
2-chloro-2,4,4-trineth IE:entane was added with _stirring and_cool ed -95C.

d

Both sol utions wer&a 1 gansty w3k migrofifsss  gfopy Al iMabpime stltitono#fwi th a
chilled pipette. . a0 i ERbehesin kettle was used for this
exanple. Table 5 agir%%(] Dlagﬂélrﬁﬂ |elegt CﬁConversi on (W. %9 M 10 M/ M Mol %
1P 26 CHZFCF3:2. 6 meg®ylauinams dichpridex@pDE) 20sed opstesll of aethglalemlinwn s t he
results of a poly rcihfai I“’gﬁ%@@ ducted at -95C conducted in an 85/15 (V/V)
blend of 1,1,1,2-tetrarlad ane and 1,1- difluoroethane. This run was
made with 30 mM of diluent, 5.4 nil of isobutylene, 0.26 m of isoprene and

used a initi at&%%ﬁggbgbgtor solution prepared in 2.6 n

[00216] 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 _ .- |Conversion| - M, . ‘ .
Example] - Diluents Vol% | Yield ®| (\yt."?%'j | X10° | MM, |Mol% IP
2 CH;CifCH;FCF; 00| 235 61.7 84 1.7 22
23 |CHyCUCH,FCF,| 85/15 | 2.96 71.1 77 | 22 2.2
24 |CH,CI/CH,FCF{ 8020 | 2.37 62.2 82 1.9 2.0
25  |CH,CI/CH,FCF,| 75725 | 2.38 62.5 88 | 20 22

a: Polymerizations were run with 30 ml of diluent, 5.4 ml of isobutylene and
0.23 m! of isoprene (IP), initiator/coinitiator solutions were prepared in 1.3
ml of methyl chloride using 1.6 microliters of TMPCI and 11.5 microliters
of a 1.0 M hexane solution of methylaluminum dichloride (MADC).

Example 26



met hyl chloride using 3.2 mcroliters of TMPCl and 32.0 mcroliters of a 1.0
M hexane sol ution of nethylalum numdichloride (MADC). A 100 ml glass mni-
resin kettle was used for this exanple. W 2004/058829 PCT/ US2003/040858 81
Table 6 W@B‘ﬁé’s@&b M; Exanple Yield (g) (W. % X 10pdrafsacoiddassyo | P 27
0.28 7 772 Exanpl es 28 - 31 [00219] Table 7 lists the results of
pol yneri zati ons that were conducted at 0 95C i n hydrofl uorocarbons and a

bl end of a hydrofl uorocarbon and nmet hyl ™ chl ori de usi ng p-nethyl styrene
(pMs) as a comonomer. A 100 ml glass mni-resin kettle was used for these
exanpl es. TMPCLl(2-chloro-2,4,4-trinethyl pentane) was used as an initiator

I n these exanples. Table 7 Conversion M. Exanple Diluent Yield (g) (W. %
X 10" M/ M M[ll(%lpi]vs 28 Gritjrnerirafios 7 was Idadudted 2with Z&WWS 0. 96
23 762 4.2 2. Zic 80/ 20 V] SOb CH2ECF3 3.81 92 160 3.3 3.6 _ 31bh, c, CH2FCF3 1. 18
28 278 3.2 1. @St w%ﬁ@ﬁ@?@@lﬁaﬂ%ﬂlﬁl%‘vfﬁ@%% Bféhﬁsq}m& 30 m of
diluent, 5.4 of Y, 0. Y tx_]?]ﬁp

i nitiator/coi mgﬁ e{‘tuglr%gmg) (Elftel onﬁﬂé\{e{sr erl%eé}agggrlg{ in M] Jr’f 1 nglthy chI ori de
using 3.2 m crteﬂmeamethamn‘ atT8Pal. divdth3solutioncwas| added QSamcmlﬂcr@oNhH&ane

sol ution of %‘lf bij hg mlgrl fq?ﬂhﬁ)qﬁﬁa[’gﬁpen‘%m tftlroglvlratses%?reé)f aloM

hexane sol uti &P I
for 10 mmutes. A second solution was prepared in the same way. To each

solution, 3.2 microliters of 2-chloro-2,4,4-trimethylpentane was added with

stirring and cooled -95°C. Both solutions were added dropwise to the
polymerization solution with a chilled pipette. . A 100 ml glass mini-resin kettle

was used for this example.

Table 5

Examplel Diluent | Yield (g) [Conversion (Wt. %)| M,x10~ | M,/M, | Mol% IP

26 CH,FCF, 2.61 65 248 2.6 2.6

Example 27

[00218] Table 6 lists the results of a polymerization conducted at -95°C
conducted in an 85/15 (V/V) blend of 1,1,1,2-tetrafluoroethane and 1,1-
difluoroethane. This run was made with 30 ml of diluent, 5.4 ml of isobutylene,
0.26 ml of isoprene and used a initiator/coinitiator solution prepared in 2.6 ml
methyl chloride using 3.2 microliters of TMPC] and 32.0 microliters of a 1.0 M
hexane solution of methylaluminum dichloride (MADC). A 100 ml glass mini-

resin kettle was used for this example.



was used instead of the anount noted in (a) above. WD 2004/058829

PCT/ US2003/ 040858 82 c: 1.6 mcroliters of 2-chloro-2-nethyl propane used in
place of the TMPCI used in (a). [00220] Polymerization in any of the

di luents ofy Tabl fsdaef €SUl ted in rubber particles that gigy§nbys@gre to the
wal | s of the reactor or to the stirring shaft. The particles floated to the
surface of the liquid when stirring stogged When tested near the reaction
tenperature, the particles were hard as evidenced by pressing on themwth
a chilled spatula. Exanples 32 - 37 [00221] Table 8 lists the results of

pol yneri zations that were conducted atp ! %C i n hydrofl| uorocarbons and

nmet hyl chl oride for conparison. Exanp and 37 are conparative
exanples. A three-neck 500 ml glass reactor was used for these exanpl es.
Prior to each polyneri 7qf|nn 30Q.d_of mononer feed containing 10 wt % of
nononers were charged i- e cﬂ‘?'ﬂ"f”éﬂ“r Myr IThe . initi ator/fcoi ni tiator
nmol ar rati o was (Eﬂirﬁﬂb tm,mpn
EADC in McCl. Thée-initi Wwas—a
pol ymeri zati on m{xtaye
so that the reactor—tenpe e :
initiator/coinitiator sol ut| on added in each depended on the desired nononer
conver si on t apgghpleY$ 2004/ 058829 PCT/ US20031040858 83 Table 88 Conversion
M M*" Exanple D?uent (W. %9 x 10-p.: x 103 M/ M MI%IP 32 CH2FCF3 65
315 626 2.0 2.7 33 CH2FCF3 94 213 489 2.3 3.0 ‘

[00219] Table 7 lists the results of polymerizations that were conducted at -

95°C in hydrofluorocarbons and a blend of a hydrofluorocarbon and methyl
chioride using p-methylstyrene (pMS) as a2 comonomer. A 100 ml glass mini-resin
kettle was used for these examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was

used as an initiator in these examples.

Table 7°
. : o | Conversion M, . ] .
Examplel . Dilvent = |Yiéld (@] (Wt%) | X10° | MJ/M, |Mol% pMS
28 CH,FCF, 1.37 33 322 32 2.1
CH;CI/CILFCF;
29 8020 VIV 0.96 23 762 4.2 22
30 CH,FCF; 3.81 92 160 33 3.6
310¢ 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 2 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.



34 CH3CHF2 55 414 813 2.0 1.3 35 CH3CHF2 100 197 558 2.8 1.8 36 CH3Cl 54
170 628 3.7 2.0 37 CH,,C1 97 135 517 3.8 2.4 a: Polynerizations were run
wi th an isobutyl ene/isoprene nolar feed ratio of 95/5 [00222] The exanpl es

in Table Wgﬁte t he production of high nol ecul apcips@bdosbesty! rubber
usi ng an EA Initiator systemin CHF2CF3 and CH3CH172 diluents. The

nol ecul ar wei ght of the butyl polymers gpde in CHF2CF3 and CH3CHF2 were
significantly higher than polynmers made 1n McC at simlar nononer
conversion under simlar conditions. The pol ydispersity (Mwv M) of the

but y1_pol yrer s, mad efiihkls GPOREIGAo 2U5EAIRGHER 183 in BREE BYBle ISCE! 0ser to

t he nost probabl e pol ydispersity of 2.0 than'the polyhers nade 1n MeCl

under simlar expensedém(al conditions. The isoprene incorporation in the
copolynmers made in McC falls between CH2FCF3 and CH3CHF2. The pol yner
slurry particles made in both CH2ZFCF3 and CH3CHF2 appeared to be

Si gni ficant IQy [ooago] sti Ck?ﬂydﬁﬁim'gnfm&w offthe Hih&.:ﬁtst&fél"abw 'ymﬁ]tﬁliuﬁ-ﬁbbgf)arti Fl es
made in M under simJlar condjtjons es 38-44 1002231 Table 9 lists
the results ofPaEglss ﬁ%?&?ﬁ@f‘h?wm%ﬁ%ctaﬁﬁnﬁm?@ErﬁW ghaft dhe ¢ hat

wer e conduct eg»aﬁikles Yohtell o MednPhbdIof BE ﬁﬁ@iﬁ%eﬁ’k@nﬁ?gt R&;Bpeﬁ\p WhAHeQeB829

PCT/ US2003/ 040858 84 chl oride for conparison. Exanples 41 and 42 are

conpar ati ve exgantheraction tempesaturee the 1BOTlasiwegs bard as evidensed g presdegion or t hese

exanpl es. Pri . . Xﬁgri zation, 300 m of nononer feed containing
10 wt % of mn@ﬁé&tﬁgr%gme@%r ged into the chilled reactor. The

initiator/coinitiator nmolar ratio was controlled at 1/3 and the
concentration S Ise% af. 0.1 M% EADC in McCl. The initiator/coinitiator
sol uti on was %@Heﬁl DpM se to the pol ynerization mxture

[00221} Table 8 lists the results of polymerizations that were conducted at -
95°C in hydrofluorocarbons and methyl chloride for comparison. Examples 36
and 37 are comparative examples. A three-neck 500 ml glass reactor was used for
these examples. Prior to each polymerization, 300 ml of monomer feed
containing 10 wt% of monomers were charged into the chilled reactor. The
initiator/coinitiator molar ratio was controlled at 1/3 and the concentration was set
at 0.1 wi% EADC in MeCl. The initiator/coinitiator solution was added dropwise

to the polymerization mixture and the rate of addition is controlled in such as way

so that the reactor temperature raise did not exceed 4°C. The amount of
initiator/coinitiator solution added in each depended on the desired monomer

conversion target.



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 on the desired nononer conversion target.
Tabl e 9% @?}@J@g@g M Mv Exanple Diluent (W. % X 10p&ri€2004/0408% VI €% pMS
38 CHF2CF3 i 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.§ 4.1 42 CH3CHF2 100 169 908 5.4 4.9
43 CH3CL 57 97 443 4.6 3.8 44 CH3Q 69°94 342 3.6 4.0 a: Pol yreri zati ons
were run with an isobutyl ene/ p-nethyl styrene nolar feed ratio of 90/10
[00224] The exanples in Table 9 denon gggp t hat usi ng an EADC/ HCI

initiator systemin a CH2FCF3 di |l uent; producti on of isobutyl ene-PM5
copolymers with conparabl e nol ecul ar melghts to copol ymers produced in a

McCl dil uent. 4 Sgbnf‘ulpnnl D=1} : hm'-\Lurmr S, pr epa : CHF2
exhi bit much hi-gher ‘ol.ecula GRS | Th MY Tcof;poratifon in th
copol ymer WO PERskhfle SDﬂuﬁET US(WIO%/)O4 8580 -85 x‘iﬂ" ‘ MB/M, cpml"dl%m her in
CH2FCF3 t han tA—MGHHusiwg—t-he—sare—- \orpr—ihed —cpAposition—undeq simlar
reaction condjti 8as. |¢Hzﬁdﬂj i on,65t he ppol3tsrer | sb2fry D@artfcl @y i n|CH2FCF3
appears to bestgat-Hreantt-y—tess—st-eky—+r—cHRFCE—han——r——MeG—1Fxanpl es
45-47 [ 002251 | TaBse ]CCHFEFs|the ¥esul E s 203 cppésf»ymér Zat i pns 3df
I sobut yl ene/ pr—rethyistyrererantd—+sobuyenersoprepe—that-were—eoefduct ed at
-95C in an 8012034 CH;CHF, 55 414 813 2.0 1.3

35 CH;CHF, 100 197 558 2.8 1.8

36 CH;Ct 54 170 628 3.7 2.0

37 CH,(Cl 97 135 517 ER. 24

a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of
95/5

[00222] The examples in Table 8 demonstrate the production of high
molecular weight butyl rubber using an EADC/HCI initiator system in CHF,CF;
and CH;CHF; diluents. The molecular weight of the butyl polymers made in
CHF,CF; and CH,CHF, were significantly higher than polymers made in MeCl at
similar monomer conversion under similar conditions. The polydispersity
(Mw/Mn) of the butyl polymers made in both CHFCF; and CH;CHF; was
narrower and closer to the most probable polydispersity of 2.0 than the polymers
made in MeCl under similar experimental conditions. The isoprene incorporation
in the copolymers made in MeCl falls between CH;FCF3 and CH3CHF2. The
polymer slurry particles made in both CH,FCF; and CH3;CHF; appeared to be
significantly less sticky during handling than the polymer slurry particles made in

MeCl under similar conditions,

Examples 38-44

[00223) Table 9 lists the results of copolymerizations of isobutylene and p-
methylstyrene that were conducted at -95°C in hydrofluorocarbons and methyl



m xture (by volune) of CH2FCF3 and CH3CHF2. A three-neck 500 m gl ass
reactor was used for these exanples. Prior to each polynerization, 300 m of
nononer feed containing 10 wt % of nononers were charged into the chilled
reactor. TR hddickésds Or/ coinitiator nmolar ratio was cont¥ediistosaiessd 3 and t he
concentration was set at 0.1 wtw% EADC in McCl. The initiator/coinitiator
solution was added dropw se to the pol rization mxture and the rate of
addition is controlled in such as way so that the reactor tenperature raise
did not exceed 4C. The anpunt of initiator/coinitiator solution added in
each depended 5 5 0 p,Conver si on
1 M. Exanple H“n%‘;]n%ﬁerﬁwgbn Rafs 8PE 12 20 cofbiifive E?;%*s@ﬁ% 309 676
2.2 46" pMs iBeeduegk 1500481 ZlaBs rehEtorm 100 farithess tfBne3 PrioPdd eawlr i zat i ons

were run vvith nlso ty rene ar . f.eed . kat,i f 95/5 b:

ol yror 1 zat | o RO EREh G E L RBHERS, B Entai iR 1D Mo Penaies vhie | ceq
rati o of 90/ 1ehaffed?@id4/ (e Behded cdacldn20q8e Oiﬁﬁﬁﬁﬁ/coi&ﬁlaE&O&Bﬁu} th@h! Rasl 0
denonstr at es the@ﬁr oduct ion of high nolecular weight i sobutﬁll ene-i soprene

copol yners angontodedal/ /8 rfad thasconseriraling was et 4 - laiyt %o EABeY e MeGli Theat or
systemin a ﬁé!ér‘?’co‘&fméﬁlzfoqﬁ?b a{%ﬁs %ﬁ%@%@%ﬁ ﬂﬁ#&%ﬁéﬁ%&&éj' | uent.

The pol yner urry particles I n ture denonstrate the

same non-sti chmm@ssatapfmhinmaecmllcdmsmh@ OH4eahS the reacthidSHp@atiid uent
descri bed above. Exanples 48;117 [00227] Exanples 48 - 117 exenplify
copol yneri zat rase difl not eknges I4e¢+e Rhetamount of initiator/coinitiator solution added in

each depended on the desired monomer conversion target.

Table 9*
o A . Conversion | M, M, . .‘
 Example | ‘Diluent' | (Wt.%) | x10° | x10° | MM, | Mole% pMS.
38 CHF,CF; 22 91 298 33 43
39 CHF,CF; 57 89 291 33 4.4
40 CHF,CF; 98 74 244 33 4.6
41 CH,;CHF, 56 138 1,091 5.8 4.1
42 CH,CHF, 100 169 908 54 4.9
43 CH;CI 57 97 443 4.6 38
44 CH,Cl 69 9 342 3.6 4,0
a Polymerizations were run with an isobutylene/p-methylstyrene molar feed
ratio of 90/10
[00224] The examples in Table 9 demonstrate that using an EADC/HC1

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



ot her conononers. The copol ynerizati on have been run at two tenperatures and
in four diluents. [00228] The polynerization exanples listed in Tables 11 -
16 were obtained by running slurry copol ynerizations in test tubes equi pped
with rare yeahbfsggnetic stir bars. Mnoner solutions perespoxqessed in the
test tubes at the desired tenperature, which is identified in the
par agr aphs bel ow, by conmbining 20 n] ogsthe liquid diluent, 5 m of liquid
i sobutyl ene and enough |iquid conmononer to achieve a 3 nol % conononer feed.
Pol ynmeri zation solutions were nmagnetically stirred at the identified
tenperature angsipmfiGantly Higker 96l CHSFCREthas! D BMCE @sia@dhd @it Mondné feed<
coinitiator/initrator solution using a chilled glass Pasteur pipette.

Conver si on i s cpapesitiaguader similar reastion: eonditims: Ha additione s pabypsrefurad t o

pol ymer. [00229]. i I | i wer e
conduct ed at %%f%@@:} %ﬁcrﬁaﬁgﬁwbéﬁﬁﬁcg%ﬂlggog%g%r%g?f&?léﬁzhaﬁg%anpl es 48,
49, 50, 57, 58%e@9, 66, 67, and 68), 1,1,1,2-tetrafl uoroethane or

1, 1-di fl uoroet hane. I|sobutylene was copolynerized with either
p-t-butylstyrene (t-BuS) (0.36 ml per run), indene (Ind) (0.23 nj per run)
or (3-pinene (Hxamkplet@5-42 M per run) as indicated in Table 18. A stock

sol ution of ethylalum num dichloride (EADC) and hydrogen chloride (HC) was
prepared in nethyl chloride by adding 0.320 ml of a 1.0 nol/L HC solution

inl1,1 2-te or oe i num

ol or o voOUBEA obaasR Bar B b 1S fRopduhelizine b SBiyRLEL 1O )
of met hyl chl auetiddstyrene yrdeisobudyleneisoprenedhat werdgondacted atgr95UP opad 80220 1. 5 ml of
this stock EADG/ HCl .sol ution stifred noner, sol utjions

Pol yreri zat i oﬁ%‘?‘%ﬁ ¥ E&Hﬁ“g)af’ég}iﬂfé% %&MEQ'OQEWW?E&O%OW &1#8% hanol .

Pol ymer i zat i ORedcibr 3ihé 1B3Ed FhrethBetixampléSr Pk RO BacH Seivhb@Atibn J00bBELf
particles that did not adhere to the walls of the reactor or to the stirring

bar. The par thesomst feedatontpiniog dPevidapf mosomerstware Ichefgpdl inipdhe shifled i ng
stopped. The Rajcidrc! ofic HRERIPARMAR? FadFRG"habYooRiERH BO 197 ahfGf Wi th 2
chilled spatul a when teste

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 10
- N .| Conversion M, 1 Me . | oo

" ‘Example : Como;ioyner | (Wt. % |  x10° | x10® M,/M,
45* Isoprene 87 309 676 2.2
46° pMS 76 449 1,048 2.3
47° PMS 100 349 1,166 33

a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of

95/5
b: Polymerizations were run with an isobutylene/p-methylstyrene molar feed

ratio of 90/10



near reaction

tenperature. Polynerization in nethyl chloride result

ed in

rubber particles that adhered to both the reactor walls and the stirring
11 Yield Conv: Ma nol % Exanple Diluent CoM (mg) (w % x, 103

M. 1M CoM o{-BuS 496 12.8 139 2.5 1.4 49 G
| OSafiishy L BY Gt

shaft. Tabl e
2.3 2.4

2
1.
2.
1.2 58 CH3C1
CH2FCF3 | nd

BuS 485 12.6 112 2.2 1.5 51 CH2FCF3 t-BuS 345

.0 2.0 52 CH2FCF3 t-BuS 249 6.4 128 286(7) 1.6 53 CH2FCF3 t-BuS 295
9 1.9 54 CH3CHF2 t-BuS 325 8.4 297 2.
6 2.3 56 CH3CHF2 t-BuS 333 8.6 303 2.7 1.8 57 CH3C1 Ind , 315 9.

1.8 55 CH3CHF2 t-BuS 433

039005 YIS 18 mbndae iE pHG)Hor B4 1B e feighey

2004/ 058829 PEEHIERAOROPHEAS SDpolhes? atHASBES ldnechMS XDpblynirsl 16ing . #h

CH3CHF2 Ind 3
CH3CHF2 | nd

SBADTHE) Jitislos Syteh i50a e (o GRF R msd,BHCHF G 2%

9.6 130
8.9 128
7.6 119
11.2 217
9 68 2.2
1.1 60
2.4 WO
2.0 63

.8 65

67 CH3C1

RP 406 10.6 2901§m$n£au3nﬂixlu@§L %B@bol?ﬁe?&%r& phrticlesSinlthe @Hﬁ"CF?/%@I?J:CF?’ (3P

644 17.7 29.

Imxture dcmonstrate the same non-stickiness appearance as in a pure CHoFCF; or
CH;CHF;, diluent described above.

Examples 48-117

[00227] Examples 48 - 117 exemplify copolymerization of isocbutylene with
other comonomers. The copolymerizations have been run at two temperatures and

in four diluents.

[00228) The polymerization examples listed in Tables 11 - 16 were
obtained by running slurry copolymerizations in test tubes equipped with rare
earth magnetic stir bars. Monomer solutions were prepared in the test tubes at the
desired temperature, which is identified in the paragraphs below, by combining 20
ml of the liquid diluent, 5 ml of liquid isobutylene and enough liquid comonomer
to achieve a 3 mol% comonomer feed. Polymerization solutions were
magnetically stirred at the identified temperature and were initiated by the
dropwise addition of a stock coinitiator/initiator solution using a chilled glass
Pasteur pipette. Conversion is reported as weight percent of the monomers

converted to polymer.

[00229] Table 11 lists the results of polymcrxzatxons that were conducted at

-95°C either in methyl chioride (as a comparatlve, examples 48, 49, 50, 57,5 8, 59,

66, 67, and 68), 1,1,1,2-tetrafluoroethane or 1,1-diflucroethane. Isobutylene was
copolymerized with either p-t-butylstyrene (t-BuS) (0.36 ml per run), indene (Ind)
(O.iB 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 m! of a 1.0 mol/L. HCI solution
in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0 mol/L ethylaluminum dichloride



70 CH2FCF3 Rp 833 22.1 39.7 1.4 8.1 71 CH2FCF3 (;p 610 16.2 37.0 1.4 8.5

[ 00230] Table 12 lists the results of polynerizations that were conducted at
-50C either in nmethyl chloride (as a conparative, exanples 72, 73, 74, 81,
82, and 83},odsodssts 2-t €t rafl uoroethane or 1, 1-difl uor ogihgssesnedsspbut yl ene
was copol yrrerlze Wi th either p-t-butylstyrene (t-BuS) (0.36 m per run) or
i ndene (Ind) (0.23 m per run) as indigated in Table 12. A stock solution
of ethylal um num di chl ori de (EADC) and hydrogen chloride (HC) was prepared
in methyl chloride by adding 0.320 m of a 1.0 nol/L HCl solution in

1,1,1,2- tetr r &

di chl ori de so?ﬁ#@nﬁq{e& efa{]Ueé I?‘%g%’cﬁmﬁf Qm?ﬁdrfe;tﬁ llt}m ﬁh@?g?ﬁﬂp@yﬁn zations
were run by adwlmdrop&nswpinﬁml of 1hi5 stetk BADOAIE] s;ﬂlﬁmhtmnmbmm on to the
stirred nononer, ..sol utions.e t for exa 7 , 2,..83 and
o7 1 exam BuspS URbISEHEEE s e iR W s it pe diadies °2or it on
was used. Pol »ﬁmnaa%gnﬁnmemt ﬁfyrrbmaiea@dyuﬂubrdcmoﬁa%smmw itutBer? M of

met hanol . Pol ynmerjzatign in any of the hﬁdrofl uorocarbons resulted in

rubber parti cPalcleniet did nohadhezgitocthe walls phthegactar or d¢ thestirsingabargthen, o t he
stirring bar. B&B@Ie@ﬁl’)&écﬂo@tﬁeEbﬂé’ée%hﬁé’h@?&wﬁb&{§Iﬁﬁﬁ Qopp&e Theélphrficlegen

stirring stoppe particles were mu nore sti s evi denced by
pressing on t h@m lard s avideériced &yt prerainglom Wenmﬂestcbﬂeﬁ@muﬂae\dmmtwed

t enper at ur e, n h the chlorid xa

Pol yreri zat i oR*% ez}rg?‘lt“u t?mRRB Ogﬁéb&"g In%él%@%&fglgg%%ﬂetggn %bgrl de
resulted in rpﬂlﬁeIEsthaMdhede&Sob&tﬁthe&d&b&fr@dﬂlﬁ@ncbmbumhgshﬁ’actor wal I s and the
stirring shaft. Table 12 Yield Conv. M N nol % Exanple Affluent ColVl (ng)

(wr%x10~|v1/|va00|v| 72 CH3CL t-BuS 1750 45.3 48.4 1.7 2.9 73 CH3C
-BuS 1917 49.6 58.0 1.9 2.9 Table 11

. : Yield [ :Conv. "My j mol%
V%‘;ig‘,xatlnjple :'Diltie;pt " CoM & (lﬁg) (wt%) if‘,flO'a: ;‘;MQIM,, }‘Coﬁ;l
| 48 Cchi tBuS | 496 128 139 2.5 1.4 |
49 CH:Cl | tBuS | 384 9.6 130 2.3 2.4
50 CHsCl | tBuS | 485 12.6 112 2.2 1.5
51 CH,FCF; | t-BuS | 345 8.9 128 | 20 2.0
52 CH,FCF; | t-BuS | 249 6.4 128 2.0 1.6
53 CH,FCF; | t-BuS | 295 7.6 119 1.9 1.9
54 CH;CHF, | tBuS | 325 8.4 297 2.7 1.8
55 CHsCHF, | t-BuS | 433 11.2 217 2.6 23
56 CH;CHF, | tBuS | 333 8.6 303 2.7 1.8
57 CH;Cl Ind * | 375 9.9 68 2.2 12
58 CH;Cl Ind 179 4.7 117 1.7 1.3
59 CH;Cl Ind 130 3.4 103 2.3 1.1
60 CH.FCF; | Ind | 2279 60.8 131 2.2 2.3
61 CHFCF; | Ind | 1199 31.9 101 2.1 2.4




74 CH3C1l t-BuS 2758 71.4 60.4 2.0 2.9 75 CH2FCF3 t-BuS 500 12.9 35.3 1.4
4.1 76 CH2FCF3 t-BuS 523 13.5 39.2 1.5 4.3 77 CH2FCF3 t-BuS 568 14.7 39.7
1543 78 CH3CHF2 t-BuS 651 16.9 68.1 1.7 4.4 79 CH3CHF2 t-BuS 733 19.0

71 Awéwggs CHF2 t-BuS 440 11.4 70.3 1.7 2.8 Sici@rhiaohires 704 18.6
49 Ind 645 17.1 34.1 1.4 1.4 83 CH3C1l Ind 319 8.4 44.6
1. 4 1 1 84 CH2FCF3 Ind 424 11.3 36.7 l3 1.7 85 CH2FCF3 Ind 464 12.4 37.9
1.4 2.0 86 CH2FCF3 Ind 496 13.2 40.8 519 87 CH3CHF2 Ind 328 8.7 40.8
1.5 1.4 88 CH3CHF2 Ind 338 9 0 42.9 1. 5 1.3 [00231] Table 13 lists the
results of yertzptions—tihrat—werg—contpected—at—T1=95€ a—20—wt—%pl end
of 1,1-difl ubroéﬁhamql'hf"@'?ﬂ, 1, Indt et|r @Bupr ol Bane llﬁsobut%ﬂene ¥s
COpO| ymari Zep—wi-ttope—of—the—fot UVYI rg—cprononersTor—Wo 20041
PCTI US2003/ 0408%8 QDC&bQHiEmHYer Inghi r|s 333 | ndild&t ed| i MiTabl 2.33:] i §8prene
(IP) (0.20 per—ruf)——p=—h th'y'{_é”tyltuc pMS)—( 0 6—t—per—ruhp
p-t-butyl sty'ené4(t-B@§pCHEz\f6 Wd pgr 244in), %hdeng {3hd) (D323 nl.8per run)
(3- pi nene ((BP—B383tm—perrrur—ofri——=a 560—ot-rpt—-btend—(+Ppie)y—of
i soprene (0. @0 65) ap@HaChE: hy| &t rené260 13 816) pet 14@in| as2.3i ndi t&ted in
Tabl e 20. A ptetk—setutton—of—ethyal-umnpm-di-chi-or+de—(HEADBS) dr ogen
chloride (HCL) \Was pregdhEl ijn hy{l 46Bl pri dé.5by ad20.hg| 0.B20 m 83f @ 1.0
nmol /L HCl sof+epr—ifp—t—t-t-2-tetrafdvor-ept-hare—anrf—0-960—ni ﬁ—er—a—ifo nmol / L
et hyl al um num di6ghl of i @H;Eb! yti @GP i N He&ane t10.6100] n20.5f | meL.hyl| cflBor| de.
Pol yreri zat i .;ns_\AeLa—L_un—b.y_%ddi ng,—dropw se, 1.5 1 of this stiock EADC/ HC1

68 CH;Cl BP 235 6.2 17.6 1.0 8.9

69 CH,FCF; pP 644 17.7 29.5 1.4 94

70 CH,FCF; BP 833 22.1 39.7 14 8.1

71 CH,FCF; gp 610 16.2 37.0 14 8.5

[00230] Table 12 lists the results of polymerizations that were conducted at

-50°C either in methyl chloride (as a comparative, examples 72, 73, 74, 81, 82, .

and 83), 1,1,1,2-tetrafluoroethane or 1,1-difluoroethane.

Isobutylene was

copolymerized with either p-t-butylstyrene (t-BuS) (0.36 ml per run) or indene
(Ind) (0.23 ml per run) as indicated in Table 12.
ethylaluminum dichloride (EADC) and hydrogen chloride (HCI) was prepared in
methyl chloride by adding 0.320 ml of a 1.0 mol/L HCI solution in 1,1,1,2-
tetrafluoroethane and 0.960 ml of a 1.0 mol/L ethylaluminum dichloride solution

in hexane to 100 ml of methyl chloride.

A stock solution of

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 m} of methanol. Polymerization in any of
the hydrofluorocarbons resulted in rubber particles that did not adhere to the walls
of the reactor or to the stirring bar. The particles floated to the surface of the liquid

when stirring stopped. The particles were much more stiff, as evidenced by

pressing on them with a chilled spatula when tested near reaction temperature,

than with the methyl chloride prepared examples. Polymerization in methy!



solution to the stirred nononer solutions, except for exanples 98, 99, 100,
101, 102, and 103. For exanples 98, 99 and 100, 3.0 m of EADC/ HCO solution
was used. For exanples 101, 102 and 103, 2.3 nil of EADC/ HC1 sol uti on was
used. Polwg)e{' ,@Ns were termnated with the additi of

met hanol . oog@?dlzgation I n any of the hydrofl uorocar gg?\@?%gﬁuqﬂ‘?qgg I n
rubber particles that did not adhere tg,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 chille \ HeRES :

Pol ynmeri zat i O%ﬂ?ﬁ&’éﬁ%%ﬂﬁﬁﬂ@%%}?f%@ﬁ ‘\Flégg@ﬁttz{adg&%{l]b?ﬁ%%er paf‘?‘f‘giflgsangr%qt adher ed
to both the retacngshaial |s and the stirring shaft. Table 13 Yield COnv. 1MV
nol ¥%a Exanple CoM (mg) (wm.% 110-3 MWM) CoM 89 IP 1147 31.1 453 2.0 1.9
90 I P 2061 55.9 628 1.8 2.0. 91 IP M.G 276 2.0 2.2 92 pMs 654 17.3
782 3.4 2.8 93 pM5 722 19.1 624 3.0 22 €l94 pMs 795 21.0 665 3.0 2.7 WO
2004/ 058829 PCT/ US2003/ 040858 91 95 t-BuS 411 10.6 304 0 1.6 96 t-BuS
389 9.8 252 P.1 1.9.497 t-Bug 445 11 ¥ieh] 2Cenv. 9| Mw| nd 166 pmeldgR 2. 2

1.3, 95,170 plind | iuead 1 iR ] 20565 1000 | ko, | 154
72

CH,Cl1 t-BuS | 1750 453 48.4 1.7 2.9
73 CH;C1 t-BuS | 1917 49.6 58.0 1.9 2.9
74 CH;3Cl t-BuS | 2758 71.4 60.4 20 2.9
75 CH,FCF; | t-BuS 500 12.9 353 14 4.1
76 CHFCF; | t-BuS 523 13.5 39.2 1.5 4.3
77 CH,FCF; | t-BuS 568 14.7 39.7 1.5 4.3
78 CH3;CHF; | t-BuS 651 16.9 68.1 1.7 4.4
79 CH3CHF, | t-BuS 733 19.0 71.9 1.6 4.1

80 CH3;CHF, | t-BuS 440 11.4 70.3 L7 2.8

81 CH;Cl Ind 704 18.6 49.9 1.4 1.0
82 CH;Cl Ind 645 17.1 34.1 1.4 14
83 CH;Cl Ind 319 8.4 44.6 1.4 1.1
84 CH,FCF; Ind 424 11.3 36.7 1.4 1.7
85 CH,FCF; Ind 464 12.4 37.9 1.4 2.0
86 CH,FCF; Ind 496 132 40.8 1.5 1.9
87 CchHEZ Ind 328 8.7 40.8 L5 1.4
88 CH,CHF, Ind 338 9.0 429 1.5 1.3
[00231] Table 13 lists the results of polymerizations that were conducted at

-95°C in a 20 wt.% blend of 1,1-difluorocthane in 1,1,1,2-tetrafluoroethane.

Isobutylene was copolymerized with one of the following comonomers or



103 Rp 389 10.4 76.9 1.4 8.8 104 IP/ pM5 331 8.9 632 1.8 0.49/1.7 105
| P/ pM5 423 11.3 699 1.8 0.67/1.5 106 |P/pMs 361 9.7 989 2.1 0.71/1.5
[ 00232] Table 14 lists the results of copol ynerization of isobutylene and

but adi ene \‘18'2&(?10?4825)” run) that were conducted at -95Gdyydisdsiaydssehl ori de
(as a conparative, exanples 107 and 108), 1,1,1, 2-tetrafl uoroethane,

1,1-difluoroethane or a 20 wt. % bl end {CH3CHF2/ CH2FCF3) of
1,1-difluoroethane in 1,1,1,2- tetrafluroethane. A stock sol ution of
et hyl al um num di chl ori de (EADC) and hydrogen chloride (HClL) was prepared in

Ty, 2 et r af oot Dafdad indiciuflip Taple 13- Hhpile oo B bkl AL
3] v et Fnoviad i O s
\tAﬁ(raes[:Jpre)d/ n’ﬁ'ﬁﬁ‘f?e(f“dsg?%?F’EEEI“@@PW?E'?Bl(%hgna@F@m1@rm%§jﬁth t he

addi ti on of oblgnmpggngegﬂg%&ig ne oy,ﬁgranaqi.ﬁllemyisf}raﬁy(ogfs thi) er run

Of as
hydr of | uor ocar bons result n rubber "particles that did not adhere to the

wal |'s of t heindisaied dn Talle 20 Arstocksphutipmef ¢ihylalumimnpdichloride £4ADPGkardd to t he
surface of th L oui AN : €] ard as
evi denced by % essi ﬁglogﬁﬁfﬁgﬁ]%&mp@&aeﬁ@ﬁ@g@%@@%&d&ﬁlgﬁigg@ Qnear

reacti on tenpéfahelleHCPeblytien iz hi jl @rtetrafluorcettapé and DG60 ad ofeslid hedfLi n r ubber
particles that, adhered t oth the.reactor | 1's WO 2004/ Q58829 |,

PCT/ US2003/ 04%2%[]“”39’?“3&8“?%&]%?‘;1}’?‘?%3‘ i‘F?&aP)_F!\%Tﬁ@ B %W&Y?i ogdein Tabl e
14 exhi bi ted polyfedZations WeteOhih Dyt diding\@loBwiteINS 'mlt Hadhist Asckerabeat@n |imt of
the SEC i nstrunent used to determ ne the nol ecul ar wei ghts. The MW of these

pol yners is advtionjtoghs stirggl menasr solytense exogpt fosicyamples £3,9% 100, dAL ( MAD)
I d al i t | L.gh
oy e YR IR P o5, b7 FRTRI BERABCTHE! sV

nol ecul ar wei g
used. For examples 101, 102 and 103, 2.3 ml of EADC/HCI solution was used.

Polymerizations were terminated with the addition of 0.2 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

s o i Yied |- Conv. | My | ¢+ | ‘mol%
Examplé [ .- CoM | (mg) | (Wt.%) ; x10° | MyM, | CoM

89 IP 1147 31.1 453 2.0 1.9
90 IP | 2061 35.9 628 1.8 2.0
91 IP 2382 64.6 276 2.0 22
92 pMS 654 17.3 782 3.4 2.8
93 pMS 722 19.1 624 3.0 28

94 pMS 795 21.0 665 3.0 2.7




Exanpl e Di | uent

18.8

352 9.6 0.
21.2 0.2

i

pol yneri zati on exanples listed in Table
slurry copol ynerization in test tubes e

, (mg)

0.1 109 CH2FCF3 448 12.

< (wt.
2

% CoM 107 CH3Cl

21

503 13.7 0.2

15 and 16 were
ui pped with rare

CHF2/ CH2FCF3 453 12.4 0.3 116 CH3f¢rgss
2/ CH2FCF3 573 15.7 0.2 Exanples 118-141 [00233] The
obt ai ned by runni ng
earth magnetic

108 CH3C1l 689
0.2 110 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

SIRREE3 777

stir bars. Mnoner sol utlons wer e prepared in the test tubes at - 95C for
exanpl es i n Fapte—i5Tantd—35Cor affpres—i—tebt-ek6—Fhe—setut+gns were
prepared by ¢ont#ning 2@-BuS of t41é (Fhl 110 | i tuQﬂ di I uérﬁ)t, 5 m6of [liquid
i sobutyl ene ane—6—261r—of—+seprene—Beeptions—te—thi-s—proeedure—gre noted
bel ow. Pol ymgri 224t i o sdBuSi onp 388r ¢ nmafdet i ¢al 232 stli r2dd at tk%perjature and
WO 2004/ 05882 2003040858903 —were—+nri-+atedby—+therdreopwsg addition
of a stock coini?% at ¢r/ it+sBuS at 3r44§o| utided usgi ngdla dhi Rlled [gl ak% Past eur
pi pette. Conyerston—-s—eperted—as JvLB{‘ght pefeent—o the- converted
to polyner. [[00284] Tabl éndl5 || stt® fhe #Adsul s 283 pdl y@eri zatibhs tlhat were
conduct ed at 95C—Exanptes—H18—3449—120—323—3124 1265 1and—126-are
conparative |exdles w fdd Exapptoss |11810hd 1192dki ng @Banpl esl.éf tihis
i nvention. [ (8235}—Ppyrerizattonrs—ere—+run—by—the—gropwi-s¢—addi-tign of this
st ock of 100 Ind 208 5.5 317 2.1 1.2

101 pP 1340 35.6 104 1.5 52

102 BP 375 10.0 79.4 1.4 8.4

103 BP 389 10.4 76.9 1.4 8.8

104 IP/pMS 331 8.9 632 1.8 0.49/1.7

105 IP/pMS 423 11.3 699 1.8 0.67/1.5

106 IP/pMS 361 9.7 989 2.1 0.71/1.5

[00232] Table 14 lists the results of copolymerization of isobutylene and

butadiene (0.15 ml per run) that were conducted at -95°C in methyl chioride (as a

comparative, examples 107 and 108), 1,1,1,2-tetrafluoroethane, 1,1-difluoroethane
or a 20 wt.% blend (CH;CHF»/CH,FCF;) of 1,1-difluorocthane 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 HCl solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0 mol/L
ethylaluminum dichloride solution in hexane to 100 ml of methyl chloride.

Polymerizations were run by the adding, dropwise, 1.5 ml of this stock
EADC/HCI solution to the stirred monomer solutions.
terminated with the addition of 0.2 m! of methanol. Polymerization in any of the

Polymerizations were

hydrofluorocarbons resulted in rubber particles that did not adhere to the walls of

the reactor or to the stirring bar. The particles floated to the surface of the liquid

when stirring stopped. The particles were hard as evidenced by pressing on them

with a chilled spatula when tested near reaction temperature. Polymerization in
methy! chloride resulted in rubber particles that adhered to both the reactor walls



et hyl al um num di chl ori de (EADC)/ hydrogen chloride (HCl) solution to the
stirred nononer solutions. A stock solution of EADC and HO was prepared in
nmet hyl chloride by adding 0.320 m of a 1.0 nol/L HCl solution in 1,1,1, 2-
tetrafl uor%{qmsﬁgd 0.960 M of a 1.0 nol/L ethyl al ump@pi@oHdabszgi de
solution 1n hexane to 100 mM of nmethyl chloride. The total volunme of the
stock solution added to the polyneri zagi on for each exanple is listed in
Tabl e 15. A separate stock solution of “ethylal um num di chl ori de and
hydrogen chl oride was used for Exanples 125 and 126. This sol uti on was

prepared from 1410 f 0 . : I 35 S0 | I n

1,1,1,2-tet ra#%?}egg@#%eﬂgﬁd @?GQBW&OIF&%@#gaB@m{#E et hy Eﬂ%he%&ﬁgrum

di chl ori de sohighenthanwére higher than ¥Oexdusivh limit lof thec$EO instlementhised ¢ nal nol / L

concentrations of ethylalum num.dichloride and hydrogen .chlarjde in the

stock sol uti oﬁetle‘ém‘f‘ﬁ emplecylay, w gliﬂtﬁ' bﬁ%é&‘r Sf#'ﬁﬁsl}/oqm ﬁ%?‘?"i’ﬁﬁi‘%ﬁgo wer e

term nated W ighndihaviaidetildr Weigla! diftriButidhs QYIWIPS daliDhlso RS be@dtérAddedar | N 3, 3, 3-

trifluoropropene resulted in rubber particles that did not adhere to the

wal |'s of the- thesesamnlesdiecause ofike bighmqlepylap sveightrhe particles floated to the

surface of the liquid when stirring stopped. The particles were hard as

evi denced by pressing on themwith a Tg‘mllhed spatul a when tested near

reaction tenperature. Polynerization +a—tethyl chloride resulted in rubber

particles that adhered-toe-boththereas H-srand-the stirring shaft.

Pol yneri zation in 1, 1-di chforoethane or 1,{1- Ieldy 8?8’&;’(13 ,1/‘e§ul ted in

sol vent swol | en pol yE@mphel t i Cl epilidnat adher, {0 (Whesy tagémri| wal | s and the

stirring bar. WO 2(0041058829: PCTNS20031040858: 94 Table{ 15 t. Solve

.Yield Conv. M, mol %ofxampl e Dogjept (tnl) sé3mo) (wtz OpP) e 10-3 MV M, , 1P
2 | 1. 1% b 1. . 8

118 CH3Cl 1.7 844 22.9 271 2 1.7 119 CH3C 618 7 25 91
108 CH;Cl 689 18.8 0.1
109 CH,FCF; 448 | 12.2 0.2
110 CH,FCF; 543 14.8 0.3
111 CH,FCF 404 11.0 0.3
112 CH;CHF, 338 9.2 02
113 CH:CHF; 481 13.1 0.1
114 CH;CHF, 352 9.6 0.2
115 CH3;CHF,/ CH,FCF; 453 12.4 0.3
116 CH;CHFy/ CH,FCF3 777 21.2 0.2
117 CH;3;CHF»/ CH.FCF; 573 15.7 02

Examples 118-141

[00233] The polymerization examples listed in Tables 15 and 16 were
obtained by running slurry copolymerizations in test tubes equipped with rare
earth magnetic stir bars. Monomer solutions were prepared in the test tubes at -
95°C for 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



120 CH3Cl 1.7 597 16.2 224 2.2 1.7 121 H2C=CHCF3 1.7 309 16.7 266 2.3 2.2
122 H2C=CHCF3 1.7 274 20.6 218 2.1 1.8 123 H2C=CCl2 1.7 118 3.2 33 1.4 1.4
124 H2C=CCl12 4.0 447 13.4 47 2.1 1.0 125 CH3CHC 2 1.5 112 3.0 108 3.1 1.7
126 CH3CHCKR, shosos ﬁ&g 5.5 116 2.6 T 1.9 [00236] Table 16Pé1-,§§‘§,0§,¢3@85§esul ts of
pol yneri zations that were conducted at -35C. Exanples 127 - are
conparative exanples with Exanples 137 5,141 being exanpl es of th| S

i nvention. [00237] Polynerizations were tun by the dropw se addition of a
stock solution of the coi nitiator/initiator pair. A stock solution of

Chior de by St Rauge 87 B Sphi QB TE i eHdadRRaBOPRaLGR | 7 LT

1,1,1,2-tet rahbingmmbﬂled@saﬁ‘dste@ mue nConyersionlis Geported ks weight pdreamt nfim
di chl oride solution in hexa to 100 m of methyl chloride. A separate

stock sol uti oﬁhc}T‘ F'ori de and hydr ogen chl ori de was used
for Exanples 134, 135 and 136 This solution vvas prepar ed fromthe addition
of 0.034 mM of a 0.93 nol/L HCl solution_ in 1,1, - tetrafl uoroethane and

0.0960 m of A0023dl o) /Ialé@ iy ligtp theirprylts afEﬂV@Fm%féogsoﬁhaftW@ﬁ condyciedghne to 10
m of nethyl §§h e | §oambliS {1igh '19”?&6 Limonegnthat | &%28“are%ﬁ:éh%%“ num

di chl ori de and ydrogen chl okl i n the stock so’l atlon are
20041058829 P@i&hﬁ?@@iﬁiﬂﬂﬂﬁﬁ%IIQEnEaMbémgcmtﬂhesmfﬂﬁahﬁénﬁms. A separate
stock sol ution of nmethylal um num dichloride (MADC) /
2-chloro-2,4,4-trinmethyl pentane (TMPCl) was used for Exanples 132 and 133.

The MADC/ TNPCgO(EQB](-)'t ' OnPM@&cﬁfzﬁBﬁs’ ReerhPBy EH&Qiro;ﬂﬂS’é hddbnQdf this GtoBk ef Ol i ters
of TMPCl and 0960 m of 1.0 nol/L nethylalum numdichloride solution in

hexane to 10 mhylﬁﬂmwemyfhcbhné? i(BADCYh bydpgana chipgdle (HCAY seldonstodhe sol ution
added to the RA/LYVARGhEARL BBl KAIUSEREBA §f EADC and 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. 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. HC! solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0
mol/L ethylaluminum dichloride solution in hexane to 100 ml of methyl chloride.
The final mol/L. concentrations of ethylaluminum dichloride and hydrogen
chloride in the stock solution is the same for both preparations. Polymerizations
were terminated with the addition of 0.2 ml of methanol. Polymerization in 3,3,3-
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 resultéd 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.



listed in Table 16. [002381 Pol yneri zations were termnated wth the
addition of 0.2 m of nethanol. The polynerization in 1,1-difl uoroethane or
1,1,1,2-tetrafl uoroet hane gave rubber particles that exhibited

stiff- r“bt{%%oﬁ)ﬂé’sﬁ'&fal properties as evidenced by probigrgusseosiosndsschil | ed
spatula at reaction tenperature. M nor amounts of fouling were evident on
the reactor walls and stirring bar. In gonparison, the polynerization in
met hyl chloride resulted in a viscous coating of polyner on both the
reactor walls and the stirring bar. Very little of the polynmer was
"suspended" in the diluent nedium Palgyers zation in 1,2-difluorobenzene or
1, 2-di chl oroethane resulted in sol vent SWol | en pol yner phases that adhered

to the reacto qul‘f; and—the t...t»"a‘[-.i‘[‘;"gfbd.l' F‘Uj yhettzat o1 =
1,1, 1-trichlgroet hane occurred| .in sglutiop.” Pol Jerr;r was recdvered by
renovi ng wealf hering jof f the sof vBelb:: |THislde| XonvCat Mol n. Vi €l dodl¥rv| My
mol % Exanplie Di luento(m ) (mg) (ug odex ‘| e MMM | B M Q4.0 1953
53.1 45 1.2 1E§’“"R§ alneat 40 1&‘% 45?@54?W)1ﬂéwaieég E’ g.l’fo‘ 2B39 63. 6
51 1.2 1.4 {30 0 I3 403068 83- 4 49, 2[ 2.0. 9 | 13T TH3CCI3 502903 81.2
59 2.2 1.0 13211%, >-1di 1 FHeSbbehz dn 4%2%0332%43. 1 3811]6 425 W0 12b04f 058829
PCT/ US2003/ 0 133 1, Z-¢drfruorjopenzene 4.0 19011516 7871 4 134
CH2CI CHZCl 4, 0 D963 jpo. SHAGl 1.9 113 (1888 QzébdHAC25a. ¢ 27 7318 24{ 1.8 1.3
136 CH2Cl CH2CI— 247072683 72. 82V 1.9 1.4 _1IB7 CHZRCE3 37023 . 6 1.5
2.3 120 CH;Cl 1.7 J} 597 16.2 224 22 1.7

121 H,C=CHCF; 1.7 309 16.7 266 2.3 22

122 H,C=CHCF; 1.7 274 20.6 218 2.1 1.8

123 H,C=C(Cl, 1.7 118 3.2 33 14 14

124 H,C=CCl, 4.0 447 13.4 47 2.1 1.0

125 CH;CHCI, 1.5 112 3.0 108 3.1 1.7

126 CH3CH-Clg 1.5 202 55 116 2.6 1.9

[00236} Table 16 lists the results of polymerizations that were conducted at

-35°C. Examples 127 - 136 are comparative examples with Examples 137 - 141

being examples of this invention.

[00237] Polymerizations were run by the dropwise addition of a stock
solution of the coinitiator/initiator pair. A stock solution of ethylaluminum
dichloride and hydrogen chloride (HCI) was prepared in methyl chloride by
adding 0.320 ml of a 1.0 mol/L HCl solution in 1,1,1,2-tetrafluoroethane and
0.960 m! of a 1.0 mol/L ethylaluminum dichloride solution in hexane to 100 ml of
methyl chloride. A separate stock solution of ethylaluminum dichloride and
hydrogen chloride was used for Examples 134, 135 and 136. This solution was
prepared from the addition of 0.034 ml of a 0.93 mol/L HCI solution in 1,1,1,2-
tetrafluoroethane and 0.0960 ml of a 1.0 mol/L ethylaluminum dichloride solution
in hexane to 10 ml of methyl chloride. The final mol/L concentrations of

ethylaluminum dichloride and hydrogen chloride in the stock solution are the



138 CH2FCF3 1.5 1024 27.8 92 1.5 2.2 139 CH3CHF2 3.0 1085 29.5 78 1.5 1.6
140 CH3CHF2 3.0 1104 30.0 92 1.4 1.6 141 CH3CHF2 3.0 953 25.9 95 1.5 1.6
Exanpl es 142-146 [00239] Table 17 lists the results of copol ynerization of

| sobut yl engyq losHessee that were conducted at -95C WZFcﬁéngibﬁsmosss
|sobutylene/|soprene feed ratio was changed for each exanple. A three-neck
500 m gl ass reactor was used for thesg.exanples. Prior to each

pol yneri zation, 300 m of nononer feed "containing 10 wt % of nononers were
charged into the chilled reactor. The initiator/coinitiator nolar ratio was
control |l ed at E!ﬁ?ﬁ? t natl e o EARC i n McCL.
The initi atorﬁ%’ggﬁﬁo??%ﬁ)&? olu ﬁ%nhwg %é%\gg) gr%opl)l\l/mt?oglegf]m%}r/]%l po lyn"erl zation
m xture and t kiichtoide MABGYi/t 2-ahlore2 ddntrimethyleniane (WMPCGlp waayused dfot hat t he

reactor tenperatur se .di e _anmpunt of

initiator/coi ﬁ%rﬁg &rﬁ&dﬁﬁ’&?ﬁ?ﬂkﬁ %"'B’@Hd‘@ﬁs arereied TR9eithe g nonomer
conversi on taraﬂﬁhonV@ HH4hREARES acwmzp%aoo@m mTofTabliy LioyhP Mol ar
Conversion M Exanpl e Feed Ratio (W. X10 110 M /M MI%IP 142

98/2 100 209 Mﬂalmu@ dlﬁhlsnéw@utlmnjmweée 12, ral of methyhehlongles The)0 127 481
3.8 2.9 14 4 002401
> B 83 sl O Bt 3 B ol

These exanpl es denbnstrate t
copol ymers wi tlistediigKabils bpr ene i ncorporation. The aggl oneration of the

[00238] Polymerizations were terminated with the addition of 0.2 ml of
methanol. The polymerization in 1,1-difluoroethane or 1,1,1,2-tetrafluoroethane
gave rubber particles that exhibited stiff-rubbery physical properties as evidenced
by probing 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 diluerit medium. Polymerization in 1,2-difluorobenzene or
1,2-dichloroethane resulted in solvent swollen polymer phases that adhered to the
reactor walls and the stirring bar. Polymerization in 1,1,1-trichloroethane occurred

in solution. Polymer was recovered by removing weathering off the solvent.

Table 16

S Cat. ,
U0 Somm, | Yieldd Comv. | My | | mol%
E;émi;le * Diluent "-'f“(;nl) (mg) '-"(wt,%) x10% ‘Mw/M, | IP
127 CH;Cl 40 | 1953 55.1 45 12 | 12
128 CH;CI 40 | 1678 | 456 | 54 1.3 1.3
129 CH;Cl 40 | 2339 | 636 | 51 12 1.4
130 CH;CCls 40 | 3068 | 832 | 48 22 0.9
131 CH,CCls 50 [ 2993 | 812 | 59 22 1.0
132 1,2-difluorobenzene | 4.0 2033 55.1 35 1.6 1.5




slurry particles is significantly reduced in the hydrofl uorocarbon.
of these isobutylene/isoprene copolyners do not show any sign of gel
even for the Exanple 146 which contains nore
hﬁﬂ&ﬁﬁﬁe- The hi gh diene isobutyl enelisopr gpe/’sdoy/iRess nMade
I'S 1 nvention can be hal ogenated subsequently via standard,
processes forggaking hal obutyl pol yners. Exanpl e
[ det er mi ned

traces
formation
t han 5 nol %o
according to

est abl i shed hal ogenati on
147 [002411 The dependence of nol ecul ar "Wei ght on conversi on was

or cross-linking,

t

for isobutylene/isoprene copolynerization run in mnethyl

The

chl ori de and

GPC

CH2FCF3 at - 95c—Thts—depenrdence—was—det-grm-reqg—or—two—ei-fHierent

i ni tiator/ coijni th3at or] Is3rdiflaomberxare pasbd [ ohOTIMPCH1nd| t B2 qt h&8 basddt op
HCl. Both cgtabyst—gysterms—used—EAPCasthe—Lews—aerd—eothatpr—A

t hree-neck 500 138l (| asSHy@AEHGrF was4.0sed2563r |t HOse Ex@Bpllesl.9Pr|on.x o| each
pol yneri zat i gr—380—H—ef—ronrerer—feed—g¢ontafi-Rrg—210-w-%af—the—fonome( s
wer e charged |i ntld35t hq cOHICIEHCkeact 04.0 A 2T07an r78t4 o| 02495/ 51.8 1.3

i sobut yl ene/ i jseprenetwas—used—f-or—epch—poelyrerizati-op—F

i nitiator/coini ti3at or] noCHICICHRClo whs4.0ont 26831 ed 72t8 1]/ 32and the WD 1.4

2004/ 058829 H-US2043/-040858—98ecphreeniirati-of—was—spt—at 101 w9 EADC i n
McCl. The initidBGr/qoinif&ﬁE@E;squthn 2348 addB®B df optv de 16 the23

pol yneri zat i ga—dxture—and-the-ratelof—addi-tion+s—eprtrohlled-intsuch s
way so that tihe I38actjor tE€HpECHture| rhbse U024 Hot27e&<cee§24c:. 1.Fhej anrpunt of
initiator/coinLLLaLeL—s9LuLLgn—added_Ln—iach—d?pended on-t1 Hred
nmonomer convdrsiidn tgr getCHITWEF dat aj f 0 tthesss pol2gmer| zd8i gnsi1are| sh@wn|in
Figure 3 as plot ofl peak—mplecul at weight (M) versls ch—D:D-DQ-IIaL———
conversion ijn w4% The egHgcH®Rd decl 3.0e |ofiio#olje@olcar | we2 ght w4t hi i n@ epsi ng
conversion i §—observed. These datajalsolshow tthat HCO s 3 rred |
initiator for| clapol ynerigHGHRS | n| CHAFCFYs3Examsle [1485100243] A 1.6

copol yneri zation of Hsobutylene and! cyclaopentadi ene-was

Examples 142-146

[00239]

Table 17 lists the results of copolymerizations of isobutylene

isoprene that were conducted at -95°C CH,FCF;. The isobutylene/isoprene feed

ratio was changed for each example. A three-neck 500 ml glass reactor was used

for these examples.

containing 10 wt% of monomers were charged into the chilled reactor.

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

to the polymerization mixture and the rate of addition is controlled in such as way

so that the reactor temperature raise did pot exceed 4°C. The amount of

initiator/coinitiator solution added in each depended on the desired monomer

conversion

target.
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[00240]

These examples demonstrate the preparation of high molecular

weight copolymers with high isoprene incorporation. The agglomeration of the

slurry particles is significantly reduced in the hydrofluorocarbon. The GPC traces

of these isobutylene/isoprene copolymers do not show any sign of gel formation
or cross-linking, even for the Example 146 which contains more than 5 mol%

isoprene.

The high diene isobutylene/isoprene polymers made according to this

invention can be halogenated subsequently via standard, established halogenation

processes for making halobutyl polymers.

Example 147

[00241]

The dependence of molecular weight on conversion was

determined for isobutylene/isoprene copolymerizations run in methy! chloride and
CH,FCF; at -95°C. This dependence was determined for two different

initiator/coinitiator systems; one based on TMPCI and the other based on HCI.
Both catalyst systems used EADC as the Lewis acid coinitiator. A three-neck 500

ml glass reactor was used for these examples. Prior to each polymerization, 300

ml of monomer feed containing 10 wi% of the monomers were charged into the

chilled reactor. A molar ratio of 95/5 isobutylene/isoprene was used for each

polymerization. The initiator/coinitiator molar ratio was controlled at 1/3 and the

Thi s sol uti on was

35 M of
kettle

0 (W
8829
din
( EADC) .

, liquid
by

| lowed to

nts of

ture was

t ed

f after



first heat/cool cycle, the catalyst did not dissolve, 0.5 m of nethyl
chloride was added. The heat/cool cycle was repeated. Subsequent additions
of 0.5 mM of nethyl chloride were made foll owi ng each heat/cool cycle until

the EADC Wg¢o 2d068R%2cd to di ssolve or a 50/50 V/V bl end ppiprgsaiiofyegd. The
foll ow ng observations were made and recorded. 1,1, 1, 2-Tetrafl uoroet hane

(HFC-134a) Table 19 Preparation Vol une %kt hyl Cbservation Chloride EADC +
5m HFC-134a 0 Insoluble "chips' + 0.5 nmet hyl chloride 9 Fine-scale
flocculation + 0.5nl nethyl chloride 17 Fine-scale flocculation + 0.5nl

met hyl chl ori P R; i f . b,p. .. met hyl
chl oride 29 Cl%gﬂ g?%"g‘ﬂg%é%ﬁ?ﬂe’ﬁg‘g{r’f? ?@P?sm%r%qsﬁ&ﬁ@%ahtwcg%tf%%%8@131% Less

cl oudy; no vi swdsladdedhdiophisesto\V/ e JDAdEARAOmBEIE Und 083 /ritd @F2AditibRGs + 0. 5nl
nethyl chloride 38 Still less cloudy + 0.5m nethyl chloride 41 Nearly

cl ear + 0. 5nitomtedlledlin sivhas ivay sd dhabidenrtactor keraperatureQaiSedlidmot éxgbedchCor i de 47

Clear + 0.5n thyl chl.or.ide /0, .0 ear [002441. In the tests jn_Table 19, the
floccul ation &F%I’E’EF g“%ﬁ"ﬁ’%@@&?ﬁ"ﬁ?f’l‘b&c’n aéa‘?‘fﬁni eﬁgl? Q?Heﬁﬁ?ﬁdef’“_\}g? Jesitrd udy
suspensi on.  Thgofrief lceﬁdergi&ht@%ét. ViFRHeEda fdrARERT polyih&iZati6ns &k fsheief et hane

(HFC-32) Table 20 Preparation Vol une % Met hyl servation Chloride
Figure 3 as a plot of peak molecular weight (K/IP)

versus the monomer conversion
in wt%. The expected decline of molecular weight with increasing conversion is
observed. These data also show that HCl is a preferred initiator for

copolymerizations in CHFCF3.
Example 148

[00242} A copolymerization of isobutylene and cyclopentadiene was
conducted at -93°C in CHFCF;. A molar ratio of 97/3 of isobutylene /
cyclopentadiene was used for this polymerization at 10.8 wt% monomers in the
feed. Cyclopentadiene was freshly cracked for this experiment. The
initiator/coinitiator solution was prepared by dissolving 200 microliters of a 1.0
mol/L solution of hydrogen chloride in CHoFCF; into 50 ml of pre-chilled
CH,FCF;. To this solution was added 500 microliters of a 1.0 mol/L solution of
ethylaluminum dichloride in hexane. This solution was stirred for 5 minutes.
Polymerization was begun by the dropwise addition of the initiator/coinitiator
solution into the monomer solution with stirring. The addition of this solution was
maintained at a rate necessary to keep the polymerization temperature from rising
above -92°C. A total of 35 ml of the initiator/coinitiator solution was used. A 500

ml glass resin kettle was used for this example.

Table 18

| o Conversion __ M, - _ .
Example | Diluent | (Wt%) |x10° | “M,/M. |Mol%CPD| %12

148 CH,FCF; 50 527 1.9 5.3 15




EADC + 5mL HFC-32 0 Insoluble "chips' + 0.5nl nmethyl chloride 9 Slight
cloudy + 0.5nmL nethyl chloride 17 Sonme flocculation + 0.5m nethyl chloride
23 Cear Fluoroform (HFC 23) Table 21 Preparation Vol unme % Met hyl

Cbservat i Oﬂzoﬁm fkdde EADC + 5m |1 FC-23 0 Insol ubl e " pbi/psioos/esosds Smi

met hyl chl ori 9 Insoluble + 0.5m nethyl chloride 17 Insoluble + 0.5mnl
met hyl chl oride 23 I nsol uble WO 2004/ 058829 PCT/ US2003/ 040858 101 + 0.5m
met hyl chloride 29 Insoluble + 0.5m nethyl chloride 33 Insoluble + 0.5nl
met hyl chloride 38 Insoluble + 0.5nl nethyl chloride 41 Insoluble + 0.5nl

met hyl chl or i delbdity 0s Bthydaleminuifl DicHlofigé imyilydrioflaskdarkbas afd Blétdse + 0. 5ni
met hyl chloride 50 Insoluble 1,1,1-Trifluoroethane (HFC 143a) Table 22

Preparation Vol ume % Cbservat ion. Methyl Chloride EADC + 5m HFC-143a 0
Irrgfﬁlyrblcﬁl oflhI e 1%] d oudy Sﬁ@%@ﬁ}sf‘%ﬁl I%ér%%%&ﬁr?g# )’? L%?Oorl dgé}gogﬁé)ear
sol ution using neat ethylaluminum dichloride (EADC). Each test was performed in the
following way. 5 ml of the condensed hydroftuorocarbon were charged into a
dried test tube cooled to -90°C in the dry box cold bath. To this liquid at -90°C,
4.1 microliters of neat, liquid ethylaluminum dichloride (EADC) was added.
Solubility was checked by vigorously agitating the resulting mixture. The mixture
was then allowed to warm to the boiling point of the diluent while agitating the
contents of the test tube. Afier 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 mi 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
. 'P!'leparatiﬁn . | Volume %Methyl ~ " Observation -
P Chloﬁde s S S

EADC .+ 5ml HFC-134a o Insoluble ‘chips’
+ 0.5m] methyl chloride 9 Fine-scale flocculation
+ 0.5ml methyl chloride 17 Fine-scale flocculation
+0.5ml methyl chloride 23 Cloudy suspension, slight floc at b.p.
+0.5ml methyl chloride 29 Cloudy; very small particles
+ 0.5ml methyl chloride 33 Less cloudy; no visible particles




1, 1-di fl uroet hane (HFC-152a) Table 23 Preparation Vol une % Oobservation .
Met hyl Chl ori de EADC + 5m HFC-152a 0 Sol ubl e [00245] The solubility tests
performed in Table 24 were perfornmed using 1.0 non stock hydrocarbon

sol utions Qfo ffokydsgdeum num di chl ori de (EADC) prepared aprivgsvas/bsmssser ature
from neat EADC and the hydrocarbon listed in the table. Pentane refers to
normal pentane. ULB hexanes refers to agboultra | ow benzene grade of
hexanes, an isoneric mxture, which contains |less than 5 ppm WD 2004/ 058829
PCT/ US2003/ 040858 102 benzene. The fi nal 1,1,1, 2-tetrafl uoroet hane

(HFC- 134a) sokutton—was prepat by—adding—tte—Toom Lt:llpt:l ature—EADC st ock
sol ution, vol Jnﬁ0{5ﬂ%mefbyll°h1°t’iﬂfe tabl e, 38 to the |iquidlilEerioslwa in altest tube
hel d at -35C [fmatt——Tases, amymtiat—sotutyom 5 gbtarned whcimis cl ear

and col orl ess Tﬁémﬂ@ﬁ“ﬂ})’lt"ilhgd“sol uti onfwas then cool SFaBgledmersing the test
tube into the par thernpstatedl at - 95 rhe croud point was
det er mi ned by nﬁﬁtsf"gF‘F‘% °glr?€d°c dmper attfre of fhe Iigdh PR a2 t hef monet er
and visually &f

Ter nSet of ., croudi pess. The ol utrons again
becane cl ear §15F‘1$ ﬂg‘“&'ﬁ&%m ution¥ to wafmto a te@ﬁ’ﬁr ature abgove the
cl oud point. ehav . THe solufjon arpund the cloud point was
observed for seggfnéf“eﬁ?'olrfﬂggge by repedtedly fooling anééle%rm ng t h
solution. This phenonenon was found to be reproduci ble. Table 24
Hydr ocar bon (mcroliters of FI of, 1.Q M Stock
EADC HFC- 134aciM§]antraE‘1%‘ﬁtqﬁ§ll¥\tT 8‘33 b igeq t&’n(%?“f%g 3%85095%‘#95:9 100 10
0.1 -87 Pent afiftink/ 4rokPa Qefy tlddy suspension. The original ‘chips’ were no longer

visible.

v

Difiluoromethane (HFC-32)

Table 20
Preparation | Volume % Methyl L Obseryation
. g ' Chloride c '
EADC + 5ml HFC-32 0 Insoluble ‘chips’
+ 0.5ml methyl chloride 9 Slight cloudy
+ 0.5ml methyl chloride 17 Some flocculation
+ 0.5ml methyl chloride 23 Clear
Fluoroform (HFC-23)
Table 21
" Preparation | Volume % Methyl | . “Observation
;o ‘ Chloride o ) : .
EADC + 5ml HFC-23 0 Insoluble ‘chips’
+ 0.5m] methyl chloride 9 Insoluble
+ 0.5m] methy] chloride 17 Insoluble
+ 0.5ml methy! chloride 23 Insoluble




ULB hexanes 174 15 0.1 -85 Solubility of Al koxyal um num Dichlorides in
1,1,1,2-tetrafl uoroethane (BFC- 134a) [00246] The solubility tests reported
in Tabl e 25 were conducted by preparing each al koxyal um num di chloride in
situ. A ge&g;%bygggﬁedure follows. A solution of the cegetesfaneisg al cohol
was prepare y adding 0.0001 noles of the alcohol to 10 mlliliters of
HFC- 134a at -30C. To this solution was ded 100 mcroliters of a 1.0 nol/L
stock pentane solution of EADC. After thi's |last addition, the HFC 134a

sol uti on was shaken periodically over the next five mnutes. The sol ution

a¥ ] al ] N | lo 1 <l H ko
was al | owed t g—warmrto—1t0€+n—a—ctosed—vessgr—and—themr—cooted—+n—t dry

box col d bat h |tHfmigesthyl edoride |- 95C. e cl oud poi nt wasnsp@bi2004/ 058829
PCT/ US2003/ 044858103 determmed—by monrtoringthe tenperature—of—th
liquid with altHeimeethybehleridg | vi suaPBy det ef mi ni ng t hdsh8kt of cl oudj ness.
The sol utions fagai m beca clgar by _aftowing the so'rmio'glg O Warmto| a
tenperature apovemifeetyl idsdi nt . THB behalior of thd™€®PYti on around the
cl oud point wgsS Opserved 101, geveral nut es| Dby Tepeated]y, cooling an
war mi ng t he sol+u9'?nblﬁl.‘°thp’ﬁ?l§°r51ﬁenorrenoﬁ was found to be ?585'¥I(9duci bl e. bl e
25 CH3QAI C12 QAL C ) SCOAMYL 27 CF3CHZO0AI CT 2 EW nmol') 128.9
142.95 171. 00 19%.'%‘2“"“?)&?2"5‘%2& ution 6709 0.1p 0.12 0. 14{“5@?‘-&00 O oud ppi nt
(10 -85 -85 185 /lsn(?étﬁslﬂér%% PROPHEJT C EXAMPLES Pr op estoT l'?IExarrpI e |
Met hyl Chl oride ? rrparyafl ve 00247] "The prpcess for pr oduci ng butyl | ubber

may be conduct g dnette Lype slufry reactop i guration such
as that depict edo'#%l ’E@Bﬁ?gg 5 InsSRBe

1,1,1-Trifluoroethane (HFC-143a)

Table 22
Preparation ' Volume % ‘ ' " -Observation
L - Methyl Chloride | : ' S
EADC + 5ml HFC-143a 0 Insoluble “chips’
+ 0.5m! methyl chloride 9 Cloudy suspension
+ 0.5m] methyl chloride 17 Cloudy suspension
+ 0.5ml methy! chloride 23 Clear solution
1,1-difluroethane (HFC-152a)
Table 23
o Preparation . Volume% - | = Observation -

Lol .| Methyl Chloride cL e
EADC + 5ml HFC-152a 0 Soluble

[00245] 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



through 8. [00248] A m xture of nonomers in nethyl chloride solution
containing 20 w % i sobutylene, 0.55 wt % isoprene and 79.45 w % net hyl
chloride may be continuously fed into a bayonette slurry reactor through a
feed injectdPiollpggdoe i N the amount of 15 T/hr. At the pg@/i2dobigsssa
solution of alumnumchloride in nethyl chloride with a concentration of
0.1 wt% my be fed into the bayonette ﬂ]urry reactor through a catal yst

i njection nozzle in the amount of 0.5 T The reaction mxture may be
intensively mxed with the. nultistage agitator. The reactor may be

mai nt ai ned f ulgepfhe! i]qiéiﬁlmﬁ‘!rl'l”ﬂtéuﬁﬁu&%lﬁﬁﬁ @titm élﬁﬁélp%s E%?thl " the

tenperature in the bayonette y urry reactor |nta| ned

range WO 2004/hy%m mszomsmm@@a@c sm:k srohttwn,rwqiurge tisted in the table, 88C,
registering it cethr h eat of rlzatlon may
be removed frd ?nm Qf‘nn%tegtlt@)r@ 3§/§ g?Fﬁcﬁsﬁs’lafld'E‘gﬁl WP ene at

m nus 110C inj§ Betamcamiﬂmleaf Q&izécﬂébﬂememwesmﬁhgﬂsbﬁﬁom tRhodleg Uspensi on
of fine rubber particles such that the polynmer concentration within the

reactor nay beYdpwmparsing thgttest tlth@éntopbﬂ %@px eﬂé&@ﬂarth@mmtat@éwt t:%"@ @hﬂml %

(i soprene contg 06y (g 3, and
the reactor cn{()j)epm'%t 4\/&)& ne\gtg&?%l%%nﬁl}glﬁgn@ef an ave age (%f about 30
hours unti | ethmecerfandlvmgllyaiemmmﬁngc&xe 0ﬂséth0ﬂ"lclbﬁlﬁnd§seac'ﬂw sdsiomeasur ed by
war mer than m nus .88C sl urr % Q‘Rﬂﬁq ture.and or excessive power draw from
e mul £ 1 ot agA SRR EEFaTS Sl IOWEsE D¢ SR Op 3 (o & SORAEILE PG BB buty ene
in the feed MayoddeoRtoThe BoIN4VRdRf BE sbIGHGH RBEd the ElBﬁd bigeflastdbs@Reifor 60 % The
total production glf but%iljjggbber@h{; th‘gl reggéor Bﬁg mj4t5 T/ h%]HéProphetlc
Exanmpl e 2 (I nErRIgl @jing |[repraEdlyr geeng WAHHOE | gian. r ub®&r may be
conducted in ctor configuration such as that
depicted in Fi gures%ﬁk&aﬁﬁ%ﬁ%gé%gaﬁg 71,1,2 tetrafl uoroethane (HFC 134a)
rat her than nethyl chloride

Table 24
Hydrocarbon ‘| Volume (microliters) | ~Volumeof | Final EADC Cloud
: “of 1.0M Stock EADC | HFC-134a | Concentration | Point
' Solution | (@D | (Wt%) | €O -
Pentane 100 10 0.1 | -87
Pentane 174 15 0.1 -87
ULB hexanes 174 15 0.1 -85

Solubility of Alkoxyaluminum Dichlorides in 1,1,1,2-tetraflnoroethane (HFC-
134a)

[00246] The solubility tests reported in Table 25 were conducted by
preparing each alkoxyaluminum dichloride in situ. A general procedure follows.
A solution of ‘the corresponding alcohol was prepared by adding 0.0001 moles of
the alcohol to 10 milliliters of HFC-134a at -30°C. To this solution was added
100 microliters of a 1.0 mol/L. stock pentane solution of EADC. After this Jast
addition, the HFC-134a solution was shaken periodically over the next five
minutes. The solution was allowed to warm to -10°C in a closed vessel and then

cooled in the dry box cold bath thermostated at -95°C. The cloud point was



as the diluent for the feed and catal yst steans. [00251] A m xture of
nononers in HFC 134a solution containing 30 wt% isobutylene, 0.65 w %

i soprene and 69.35 w % HFC-134a may be continuously fed into the bayonette
slurry reagi@iool/dsigh a feed injection nozzle in the appyiisaoosibaodss T/ hr. At
the sane time, a solution of ethylal um nundichloride (EADC) and HFC 134a
may be m xed to a concentration of 0.1 % chilled to mnus 80C, and then
m xed with the initiator, anhydrous HCl, 'to provide a 3.0 nol/nol ratio of
EADC / HO to formthe catalyst system The catalyst systemmay then be fed

into the bayorag%[ng\n% H?wﬂ FrIngda t[allﬂ SQHIR 5{1&%&% a therfGhde aﬁ‘&’ZZ' ein

the anopunt of reactl o m Xt ur e el ntenS| ve m xed with
a nmultistage visyaliy dmrmlﬂihgtheems&tmfcltmimd{m 'ﬁmmwumedgeﬁmbbcanie c[aaqbyd during
t he WO 2004/ 058829 th U@HC;OB/ 040856@ 105 course, of t:l}ge r actl on,, The
tenperat ure | AUPWIREHES SAFPRS 19 WAy to 2 lemperanis, apeve i PR Wil Phi n t he

range from m nydBavib df thdBolutfondBsundtROLIGEEIiOwWAS obsbivEd for@evdrdlaninttes
t hermoneters. The heat of polymnerization may be renoved fromthe

pol yneri zi ng @waﬁwteély cpaling pad Warming;the golution;| This phenomenor weas fand fo t he
bayonettes. ggiﬁ .. butyl rubber may form a suspension of fine rubber
particles such at t % pol ymer concentration within the reactor may be
about 27 wt% the polyner unsaturation nay be 1.6 nol % the Mooney
viscosity (1+8 at 125C) may be 50 +/11—, E ggnd the reactor may be able to
operate continuously for an average o ut 60 hours or nore until

excessive fouling takes place within the reactor as neasured by warner than
m nus 88C sl 1 ry tenmperature and / or excessjve power draw fromthe

mul ti stage m xer /| agita mojmgl,  OMVER;OANT, L O (CELOBARCIOT | cRIoaXtiehe in
the feed may lsoprene inlthe feéd.-may.be  about 8B %
The total prcduBWl(gAmon put y28.9cubber t42.95he rleact arl.emy be|l 4. 1692 hr .

Propheti C Exﬂnhl o 22 (1 nvy hfl\lﬂ) 1002531 Thn Frnr\ncc wny;hn caonduct nrl S in

\o UL O L LR AAR A ELILAZY A A 4B A AAA"Y
Exanpl e 2, bt 't é;&%%%nattmosv 0.10 0.12 0.14

Cloud point (°C) -85 -85 -85 w/solids -87

PROPHETIC EXAMPLES
Prophetic Example 1 - Methyl Chloride (Comparative)

[00247] The process for producing butyl rubber may be conducted using a

bayonette type slurry reactor configuration such as that depicted in Figures 4
through 8.
[00248] A mixture of monomers in methyl chloride solution containing 20

wt% isobutylene, 0.55 wi% isoprene and 79.45 wi% methyl chloride may be
continuously fed into a bayonette shurry rea.ctor through a feed injection nozzle in
the amount of 15 T/hr. At the same time, a solution of aluminum chloride in
methyl chloride with a concentration of 0.1 wt% may be fed into the bayonette
slurry reactor through a catalyst injection nozzle in the amount of 0.5 T/hr. The
reaction mixture may be intensively mixed with the multistage agitator. The
reactor may be maintained full of liquid during the course of the reaction. The

temperature in the bayonette slurry reactor may be maintained within the range



slurry reactor may be operated at mnus 75C slurry tenperature rather than
m nus 90C slurry tenperature. The boiling ethylene in the bayonettes may be
operated at mnus 95C. [002541 Wth the feed stream and catal yst system

conpositio %%gs'hged in Exanple 2, the catal yst streagrfuseosaiossst o t he
reactor may be lowered to 0.25 T/hr to form a suspension of fine rubber

particles such that the polymer concentrgtion wthin the reactor may be
about 26 W% the polynmer unsaturation may be 1.6 nol % the Money
viscosity (1+8 at 125C) may be 50 +/- 3, and the reactor may be able to

operate conti ngahshy,d %ﬁﬂmﬁiﬁ%@@,er[e%}teﬂﬁg St re%%taggé' bR ltbrs 4GRS S Ve

fouling takes place wthin the reac as” measure y warner than m nus 75C
slurry tenper ahaat ef apalytherimation cmsys ibecrqnunved fiorawther polymbezing| durst dge m xer /

agitator. The conversj.on,t ol yners J.sobutylene in the feed may be about
WO 2004/ 058829"@%&@‘5@»)’@‘1@8@%‘m]fﬁ%?@Gcﬁ)ué S%Y"Iﬁegﬁprene in the feed may be
about 80 % The total production of butyl rubber in the reactor may be 3.95

T/ hr. Prophetic Exanple 4 (Inventive) [00255] The, process may be_ conducted
as in Exanpl e 00248}t t hherlpirl gnbhes mepyaiopn @ spension offine mhbispatticles

di f1 uor oet haneg ( HRCs %S%%%%%g%gﬁﬁﬁ%ﬂﬁﬁ%&é&r aybé 8ot §8 GHAY the

production, reactor , product quality, nononer cobnver si ons
may be obt ai nephblyiReraplssttiratiotxmyybed .6 mol1% isorréneegonfedf)2 88| Mddney pisoesitys nmay be

conducted as i bui the feed an catal yst diluent may be a 50
S T 50wt 56 B erARChonaty be Al o1 oadinfhe feabn Hay Seianfd by TPty or
production, regmtifioRefoRi hidripe dTaBEHGD HAUR|uUntil excetiive TRRGIMBkesGlideEr Si ONS
may be obtained, [00257] Al patents and patent a i cations, test

) I
procedur es (subihiashencaqior ayangaseed by wamnes thagmigec e shurycermeeratesadn are
fully incorpor . : hiSE | LSiqaot
I nconsi st ent vm)a%lﬁ %ﬁ%‘s;&ﬁc&éeﬁ{ﬁ? %‘rr] E‘Igrrl{ldﬁ-1 glrlmgsh%g %&wﬂg%t%ﬁ e bbarveiicd
to polymers of isobutylene in the feed may be about 80% and of isoprene in the
feed at about 60 %. The total production of butyl rubber in the reactor may be

2.45 T/hr.
Prophetic Example 2 (Inventive)

[00250] The process for producing butyl rubber may be conducted in a
bayonette type slurry reactor configuration such as that depicted in Figures 4
through 8, using 1,1,1,2 tetrafluoroethane (HFC-134a) rather than methyl chloride
as the diluent for the feed and catalyst steams.

[00251] A mixture of monomers in HFC-134a solution containing 30 wi%
isobutylene, 0.65 wt% isoprene and 69.35 wi% HFC-134a may be continuously
fed into the bayonette slurry reactor through a feed injection nozzle in the amount
of 15 T/hr, At the same time, a solution of ethylaluminumdichloride (EADC) and
HFC-134a may be mixed to a concentration of 0.1 wt%, chilled to minus 80°C,
and then mixed with the initiator, anhydrous HCI, to provide a 3.0 mol/mol ratio
of EADC / HCI to form the catalyst system. The catalyst system may then be fed
into the bayonette slutry reactor through the catalyst injection nozzle in the
amount of 0.3 T/hr. The reaction mixture may be intensively mixed with a

multistage agitator. The reactor may be maintained full of liquid during the



jurisdictions in which such incorporation is permtted. [00258] Wen
nunerical lower limts and nunerical upper limts are |isted herein, ranges
fromany lower limt to any upper limt are contenplated. [00259] Wile the
i 1ustratiweoShilRsdsaents of the invention have been desgdri8ehsihdsts
particularity, 1t wll be understood that various other nodifications wll
be apparent to and can be readily made Bhy those skilled in the art w thout
departing fromthe spirit and scope of t‘%‘/fe i nvention. Accordingly, it is not
i ntended that the scope of the clains appended hereto be |imted to the
exanples and descriptions.set.forth herein..but rathe t the clains be
construed as CHEGRIARTeAEHL | The,Eempg ?gﬁﬂ'&l"{’aﬁo s tsg‘ﬁﬂgi%ﬁ%t\(}léfnﬁjbﬁhi ch
reside in the piigaiiel W2 A8 8:dth Mirds W2Q0BkE B3%C, regltering ienithon,
including all features which woul d be treated as equival ents_thereof by
those skill ed %esistane thermomstagh; dhe bent of ROWAETEAIOP dRaYaPs mored from Jens 1. A

process to prgﬁy;ﬁﬁ gﬁ,ﬁ, InSib3 : | : nmer(s), a
catal yst system a%r%%agyl ue%?ngggr?%?l;a ifrfl oﬁégﬁyé%ng?gnﬁgilgﬁgﬁulg[r){(i)hgarbon(s)
(HFC s) in a rtyomnettes.conprising a tube or a plurality of tubes used for the
circulation of a cooling nedium wherein the one or nore nononer(s)
conprise(s) an isoolefin. 2. The process of claim1l1l, wherein the process is
a slurry pol yngo2szat i on Theruee Sable thdyhferth @agisginsions of finglbedr pagtivtdsor . 3.
The process of any of the preceding, clajns, wherein the reactor further
conprises a veeh tat theyrodyyegricengentiatinn wighin the rgenitmanbe aboyh 47 #thother part .

kdthrdtio B¢ 1.6tk %M&Hnﬁfé U{s&&lﬁ& (CER125E§ nRgnnect i ng

4. The processﬁ,/ mé Bk
pi pes for delivery of the catalyst systemin 't owefr ‘part, and connecting

pi pes for the beffbi/ab, ﬁd_th!hsapigt ey be able thepergipeontipueusly fr ahverggeadess of
any of the pr ea?o%g% g@h&hg'op%iorcvm rleéxges;sir\}g fétﬁ%ﬁttﬂes fp?arcg b}%{hm the reactor as '

measured by warmer than minus 88°C shurry temperature and / or excessive

=3

power draw from the multistage mixer / agitator. The conversion to polymers of
isobutylene in the feed may be about 90% and of isoprene in the feed may be
about 83 %. The total production of buty! rubber in the reactor may be 4.12 T/hr.

Prophetic Example 3 (Inventive)

[00253] The process may be conducted as in Example 2, but the bayonette
slurry reactor may be operated at minus 75°C shurry temperature rather than minus
90°C slurry temperature. The boiling ethylene in the bayonettes may be operated

at minus 95°C.

[00254] With the feed siream and catalyst system compositions described in
Example 2, the catalyst stream flowrate to the reactor may be lowered to 0.25 T/hr
- to form a suspension of fine rubber particles such that the polymer concentration
within the reactor may be about 26 wt%, the polymer unsaturation may be 1.6
mol%, the Mooney viscosity (1+8 at 125°C) may be 50 +/- 3, and the reactor may
be able to operate continuously for an average of at least 45 hours until excessive
fouling takes place within the reactor as measured by warmer than minus 75°C
slurry temperature and / or excessive power draw from the multistage mixer /

agitator, The conversion to polymers of isobutylene in the feed may be about



conprises a shaft with bl ade m xers nounted al ong the height of the shaft.
6. The process of any of the preceding clains, wherein the plurality of
tubes conprises a bundle of tubes. 7. The process of claim®6, wherein the
tubes conpriygSesrddss. 8. The process of "any of the pregegyedoflighsss.
wherein the plurality of tubes conprises tube disks and tube baffles. 9.
The process of claim8, wherein the tubqﬂpaffles conpri se spaces between
the sectors. 109 10. The process of claim8 or 9, wherein the tube baffles
conprise holes. 11. The process of any of clains 8-10, wherein the reactor

conprises a cgahal . m deld u ringl t he open
end | ocated igé%ﬁéééggéézé%&%efﬁg@hé%eu%gmﬁa il é@?"‘%ﬁ‘%‘?‘ﬁ@ﬁ?gce ! of claim
11, wherei n t habbgdn theneactr nidydeGa5THist system delivery tube is angled in
a downward direction toward a m xer. 13. The process of any of clains 8-10,
wherein the reactor conprises one or nore catalyst systemdelivery tube(s)
conpri si ng OpeproBRIR Exhthple W\ @nitn@¢egss of claim 13, wherein at |east one open
end is angled ina downward direction toward a m xer. 15. The process of
any of the preceding clains, wherein the reactor conprises a mxer |ocated
ad] acent to a L()‘&?S]baffl’ﬁie ces;ghﬁ}a rﬂge&idﬁéte@% ﬂI B -&HPJ eice@tn eCI alne,
wherein the on& Or “nore "“nonomer (S)“conprise an 1soole , preferably

I sobut yl ene, abytirafluotedattion|ddfiem usqdrmadyeieal] siffmoroethang@iRCH 1 52ap rether thane

preferably iso ne. 17. The proces f any of the.precedin | ai ng, where
the one or rmrg%shﬁ’ﬂ%n@’(’lﬁr Te rl?rgé"cgﬂn’i@ ‘Pre‘?HeFP,%ﬂg}"e?r@ %%ﬁ}%&gﬁt yl ene,
and an al kyl stish&hé coRveRdiisaiybe Btidivddst yrene, nore preferably para-

nmet hyl styrene. 18. The process ‘of any of the preceding clains, wherein one

or nore

Prophetic Example 5 (Inventive)

[00256] The process may be conducted as in Example 2, but the feed and
catalyst diluent may be a 50 wt% / 50 wt% mixture of methyl chloride and HFC-
134a. Similar reactor production, reactor operability, product quality, and

monomer conversions may be obtained.

[00257] All patents and patent applications, test procedures (such as ASTM
methods), and other documents cited herein are fully incorporated by reference fo
the extent such disclosure is not inconsistent with this invention and for all

jurisdictions in which such incorporation is permitted.

[00258] When numerical lower limits and numerical upper limits are listed

herein, ranges from any lower limit to any upper limit are contemplated.

[060259] 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



hydr of | uorocarbon(s) is represented by the fornula: CXHYFZ wherein x is an
integer froml to 40 and y and z are integers of one or nore, preferably x
is from1l to 10, nore preferably x is from1 to 6, particularly x is from1
to 3. 110 W§200d/0&ssy OCcess of any of claims 1-17, whereiprTids2000040888 nOr e
hydrofluorocar%on(s?fis i ndependently selected fromthe group consisting of
fl uoronet hane; difluoronethane; trifluopgnethane; fluoroethane; 1,1-

di fl uoroet hane; 1, 2-difl uoroethane; 1, i, 1 -trifluoroethane; 1,1, 2-
trifluoroethane; 1, 1, 1,2-tetrafluoroethane; 1,1, 2,2-tetrafl uoroethane; 1,
1, 1,2, 2-pent : m@q? - y

di f1 uor opr opaﬁé?éﬁ%?g’-e%p? %%P%E‘?—%‘ggﬁ%% 3- |1? u%a&égg%%gglﬁg?ﬁg %C%E&by

di f | uor opr opartkgsekkilled int thefatt i@ wbish decinegntion perins: i f | uor opr opane; 1,1, 3-
trifluoropropane; 1,2,2-trifluoropropane; 1,2,3-trifluoropropane; 1,1,1, 2-
tetrafl| uoropropane; 1,1,1,3-tetrafluoropropane; 1,1, 2,2-tetrafl uoropropane;
1, 1,2,3 -tetrafluoropropane; 1, 1,3,3 -tetrafl uoropropane; 1,2, 2, 3-

tetrafl uoropropane; 1, 1, 1,2, 2-pentafluoropropane; 1,1,1,2, 3-

pent af | uoropropane; 1, 1, 1,3, 3-pentafluoropropane; 1,1, 2,2, 3-

pent af | uor opropane; 1, 1,2,3,3 -pentafluoropropane; 1,1,1, 2,2, 3-

hexaf | uor opropane; 1, 1, 1,2, 3, 3-hexafluoropropane; 1,1,1, 3, 3, 3-

hexaf | uor opropane; 1, 1, 1, 2,2, 3, 3-heptafluoropropane; 1,1,1,2,3,3, 3-

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

1, 2-di fl uorobut ane; 1, 3-di fluorobutane; 1, 4-difluorobutane; 2,2-

di fl uorobut ane; 2, 3-difluorobutane; 1, 1, 1 -trifluorobutane; 1,1, 2-
trifluorobutane; 1,1,3-trifluorobutane; 1,1,4-trifluorobutane; 1,2, 2-
trifluorobutane; 1,2,3-trifluorobutane; 1,3,3-trifluorobutane; 2,2, 3-
trifluorobutane; 1, 1, 1,2-tetrafluorobutane; 1, 1, 1,3 -tetrafl uorobutane;
1, 1, 1,4-tetrafluorobutane; 1,1,2,2-tetrafluorobutane; 1,1, 2, 3-

tetrafl uorobutane; 1,1,2,4-tetrafluorobutane; 1,1, 3, 3-tetrafl uorobut ane;



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

pent af | uor obut ane; 1, 1, 1,2, 3-pentafluorobutane; 1,1,1, 2, 4-
pent af | uor obutane; 1, 1, 1,3,3 -pentafluHﬁbbutane; 1,1, 1,3, 4-
pent af | uorobutane; 1, 1, 1,4, 4-pentafluorobutane; 1,1, 2,2, 3-
pent af | uor obut ane; 1,1, 2, 2, 4- pent af |l uorobut ane; 1,1, 2, 3, 3-

pent af | uor obut ane; 1,1, 2, 4, 4-pent afl uorobutane; 1,1,3,3,4 111
pent af | uor obut ane; 1, 2, 2, 3, 3- pent af |l uorobut ane; 1, 2, 2, 3, 4-

pent af | uorobutane; 1, 1, 1,2,2,3 -hexafluorobutane; 1,1,1, 2,2, 4-

, 3,3 - hexaf CLALMS ¢ ane, 1,1,1, 2, 3, 4-

hexaf | uor obut ane; 1, , é
, 4, 4- hexaf |l uorobutane; 1,1,1, 3, 3, 4-
4
3

1
hexaf | uor obut ane; 1, 1,
1

hexaf | uor obut ane; 1, 1, , 4- hexaf | uorobutane; 1,1,1,4,4,4-
hexaf | uor obut dne; 1 Inréc piodued |pobynodysit aomeprisingl c8ntacthgd-one or more
hexaf | uor obutane; 1,1, 2,2, 4, 4- hexafl uorobutane;. 1,1, 2, 3,3, 4-
hexaf | uor obut ane: OPOReE(s) %-Cﬁté‘i:‘/éf IS&%?IBbGP‘gﬁefm‘-PPE compriging_one or more
hexaf | uor obut ane; g , ;
hept af | uor obut ane; %{dﬁo{lugarlo%%ﬁygﬁgﬁgﬁ ﬁgtém %%re%g&?ﬁalﬁgmﬁ%%fﬁ@%&ﬁi i’l%lf,a }11-ty
hept af | uor obut ane; of tutkes uked? @ the dirtiggticaf dflocomtbing ametiur, Whareid, the 4ne or
hept af | uorobutane; 1, 1, 1, %2(3 4, 4- hept af Luorqbutane; 1,1,1, 2,2, 3, 3, 4-
oct af | uor obut ane; f10rg mopomenshedmprissts) aR 15981e8But ane: 1,1, 1, 2, 3, 3. 4, 4-
oct af | uorobutane; 1, 1, 1,2,2,4,4,4-octafluorobutane; 1,1,1,2,3,4,4,4-
oct afl uorobutane; 1, 1, 1,2,2,3,3,4,4-nonafluorobutane; 1,1,1,2,2,3,4,4,4-
nonaf | uor obut @ne; IThefprocess-of-aletrhy) phopiméie procdss-idiaf $luwy polymerization
met hyl propane; 1, 3-difl uorpo:2-net hyl ne; 1, 1 -trifluoro-2-
net hyl propane; 1, Preesy ?rfd?tlhﬁﬁa(‘jgofi/sn‘g{'ﬁgﬁbfe{%éﬁe; 1, 3-di f | uor o- 2-
(fluoronet hyl)propane; 1, 1, 1,3-tetrafluoro-2-nethylpropane; 1,1, 3, 3-
tetrafl uoro-2-nethyl propane; 1,1,3-trifluoro-2-(fluoronethyl)propane;
The process of any of the preceding claims, wherein the reactor further

1,2
1,2
1,3
s &

$4p

comprises a vertical cylindrical housing, an upper part, and a lower part.
4. The process of claim 3, wherein the reactor further comprises connecting
pipes for delivery of the catalyst system in the lower part, and connecting

pipes for the removal of the polymer in the upper part.

5. The process of any of the preceding claims, wherein the reactor further

comprises a shaft with blade mixers mounted along the height of the shaft.

6. The process of any of the preceding claims, wherein the plurality of tubes

comprises a bundle of tubes.
7. The process of claim 6, wherein the tubes comprise sectors.

8. The process of any of the preceding claims, wherein the plurality of tubes

comprises tube disks and tube baffles.

9, The process of claim 8, wherein the tube baffles comprise spaces between

the sectors.



1, 1, 1,3, 3-pentafluoro-2-nethylpropane; 1, 1,3,3 -tetrafl uoro-2-
(fluoronethyl)propane; 1, 1, 1, 3 -tetrafluoro-2-(fluoronethyl)propane;
fl uorocycl obutane; 1, 1-difluorocycl obutane; 1, 2-difluorocycl obutane; 1, 3-
di fl uorocycl obutane; 1,1, 2-trifluorocyclghutane; 1,1, 3-

trifluorocycl obut ane; 1,2,3-trif|uorocyc\ but ane; 1,1, 2, 2-

tetrafl uorocycl obutane; 1,1, 3,3-tetrafluorocycl obutane; 1,1, 2,2, 3-

pent af | uor ocycl obut ane; 1,1, 2, 3, 3-pent af | uorocycl obutane; 1,1, 2,2, 3, 3-
hexaf | uor ocycl obut ane; 1,1, 2, 2, 3, 4- hexaf | uorocycl obutane; 1,1, 2, 3, 3, 4-
hexaf | uor ocycll®but The pracess, of, c2aitd, Bord, vdpteat thednbrchaffleteameprise dnks.ni xt ur es
thereof. 112 20. The process of any of clains 1-17, wherein the one or nore
hydr of | uor ocarbon(s) is independently sel ected from nonof | uor onet hane,

di f1 uor onet hane, t th:';%éékg%ﬁﬁﬂe,ofrﬂ?ﬂﬁfs' 8’-‘?0,09\111@%5&?1thel1réac@drf E&ﬁﬁﬂ&%& hane,
1,1,1-trifluoroethane, 1,1,1,2-t'etrafluoroethane, 1,1,1,2,2

pent af | uor oet hane, catalystrisystemedelivieer dafe. comprisiag apr @mlssncbffhana}pe@f enche

precedi ng cl ai ns, erei.n the di]luyent conpri.s between 5 and 100 vol une %
HFC based upon thewc(")‘{eglm\t}bqﬁ.?ﬁ%e %#Wf%t%e e&@ﬁfe,s' preferably from15 to 100
vol une % HFC based upon the total volune of the diluent, nore preferably
the diluent conprises from20 to 100 volunme % HFC based upon the total

vol une of theldi| udhe, praeess of cdaimmbi.cwpereinethghopent ¢nsl of theeeatalygngysieses from
25 to 100 vol unme %,H-C sed_upon. t he total vol of the.diluent. 22. The
process of any of tdﬁ Veﬁ’g‘@’gdf %@%cpgﬁaréquaéﬁig}rﬁdmogﬁduae P ur t ner

conpri ses a hydrocarbon, a non-reactive olefin, and/or an inert gas. 23. The

process of claim 22, wherein the hydrocarbon is_a_hal ogenated, hydrocarbon
ot her than anl1BFC, Thearedeappfanhefl plainy 88t wlienginithe deadberrcompsisae pRs/Pr

chloride. 24. The BfQeessiyel sydith ivbRTuRlE MR GelRngdinerein the

catal yst system

14, The process of claim 13, wherein at least one open end is angled in a

downward direction toward a mixer.

15.  The process of any of the preceding claims, wherein the reactor comprises

a mixer located adjacent to a tube baffle.

16.  The process of any of the preceding claims, wherein the one or more
monomer(s) comprise an isocolefin, preferably isobutylene, and a

multiolefin, preferably a conjugated diene, more preferably isoprene.

17.  The process of any of the preceding claims, where the one or more
monomer(s) comprise an isoolefin, preferably isobutylene, and an
alkylstyrene, preferably methylstyrene, more preferably para-
methylstyrene.

18.  The process of any of the preceding claims, wherein one or more
hydrofluorocarbon(s) is represented by the formula: C,H,F, wherein x is
an integer from 1 to 40 and y and z are integers of one or more, preferably
x is from 1 to 10, more preferably x is from 1 to 6, particularly x is from 1
to 3.



conprises one or nore Lew s acid(s) represented by the fornula MX4; wherein
Mis a Goup 4, 5 or 14 netal; and each X is a hal ogen; or the catalyst
system conpri ses one or nore Lewis acid(s) represented by the formula

MR mX4-n ; wherein Mis Goup 4, 5 or 14 netal; each Ris a nonovalent Cl
to C12 hydrocarbon radical independent!y!l0selected fromthe group consisting
of an al kyl, aryl, arylal kyl, alkylaryl and cycloal kyl radicals; 113 nis
an integer fromO to 4; and each X is a hal ogen; or the catalyst system
conprises one or nore Lewis acid(s) represented by the formula

M RO nR mX44m$) ; Ther piooedyl iof @ipupl 4laitas drl7]4whetedd ; theaohe R i mom

nonoval ent Cl to 0, hydr ocar boxy. r.adi cal i ndepen tly selected fromthe
group consi sting (():*‘BY‘HHH‘A‘PYQW 9“@%18%??“%’&%6{’? Sya%po%lﬂk%/g@ﬁ‘m%%}“}%di cal s;
each R is a nonov C | L.N lyy.

sel ected fromthe gfr g&%m(%ert\lg@sei ?ﬁb‘mﬁﬁ%ﬁ%}?g‘?flﬁ@‘gﬁ“ﬁ“& gﬁgﬁ%%?&a]]’Lyl aryl
and cycl oal kyl raddiflbsethanes an,2-difleageetbangm 011 d -#ifluordeshamn; | ntldg2r from 0

to 4, wherein the sumof n and mjs_not re than 4, d each X.is a

hal ogen; or the ca{rﬁn‘yf’ﬁet@%}@i emq]e]oﬁﬁ'rt?té"é@%m?g’aﬂﬁ mﬂé’ggﬁ@%ﬁl@f‘?ﬂ’g@@

represented by the ;fi05 MyearalBioseha R M%Fgatmpanwpeaeﬂﬁbr%lbﬁmﬁoum4, 5, or

14 metal ; each RC=GO'i’s a nonoval ent C2 to 0 'hydr ocar bacyl " radi cal
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-triflucropropane; 1,2,3-triflucropropane; 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-
triftuorobutane;  1,1,1,2-tetrafluorobutane; 1,1,1,3-tetrafluorobutane;
1,1,1,4-tetrafluorobutane; 1,1,2,2-tetrafluorobutane; 1,1,2,3-
tetrafluorobutane; 1,1,2,4-tetrafluorobutane; 1,1,3,3-tetrafluorobutane;
1,1,3,4-tetrafluorobutane; 1,1,4,4-tetrafluorobutane; 1,2,2,3-

tetrafluorobutane;  1,2,2 4-tetrafluorobutane; 1,2,3,3-tetrafluorobutane;

1,2,3,4-tetrafluorobutane; 2,23 3-tetrafluorobutane; 1,1,1,2,2-
pentafluorobutane; 1,1,1,2,3-pentafluorobutane; 1,1,1,2 4-
pentafluorobutane; 1,1,1,3,3-pentafluorobutane; 1,1,1,3,4-
pentafluorobutane; 1,1,1,4,4-pentafluorobutane; 1,1,2,2,3-
pentafluorobutane; 1,1,2,2 4-pentafluorobutane; 1,1,2,3,3-

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



I ndependently selected fromthe group consisting of an al kacyl oxy,

aryl acyl oxy, aryl al kyl acyl oxy, al kyl aryl acyl oxy radicals; each R is a
nonoval ent Cl to Cl2 hydrocarbon radical independently selected fromthe
group consisting of an al kyl, aryl, aryI%IkyI al kyl aryl and cycl oal kyl
radicals; nis an integer fromO to 4; milils” an integer fromO to 4, wherein
the sumof n and mis not nore than 4; and each X is a hal ogen; or 114 the
catal yst system conprises one or nore Lewis acid(s) represented by the
formul a MOX3; wherein Mis a Goup 5 netal; and each X is a hal ogen; or the
catal yst system copgﬁifhaxolmnmeor rmrel,l,@ﬁ,%-pauaﬁll@csyabutw esent ed2y8,4-t he
formul a MX3; wherein G oup 13

catal yst system coﬂ’fﬂt"i1 ‘5’§ @'ﬁ@l Cor norleﬁtey\?ééhﬁ’éar %l\n’é’ﬁr IeZeﬁtlgﬁ }g%e‘pt hgr the

formula MR' X3-n ;| hah@kSidbubthes @ Goup2BE33 ﬁ'@iﬁiuorcﬁﬁ?aﬁleR i s g mppoval ent C
to Cl2 hydrocar bon r adi cal i ndependent’ly” “sel ected fromthe group ¢onsisting

of t an al ]lc<yl zir%/I h@u‘&ﬁluatdb}ltan?],alxkyl an 1,2, dethrliexaflsioradbiulent; [afll clftl 8.3, 3{\4 is an
i nteger from 0 c is cat a m
corrp?i ses one or nﬁ?"é’%t%"g A% d(s) 1?192’3 %ﬁ?’@épuﬁ tb“faﬂg fory ]etw‘ 72

M RO nR mX3- (mtn) ; hah@iuiobuldnks a G1oup 28533 ﬁ&taaiuombutane, 1,1,2,2,3,4-
hexafluorobutane; 1,1,2,2,4,4-hexafluorobutane; 1,1,2,3,3,4-
hexafluorcbutane; 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-heptafluorcbutane; 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-
(fluvoromethyl)propane;  1,1,1,3-tetrafluoro-2-methylpropane;  1,1,3,3-
tetrafluoro-2-methylpropane; 1,1,3-trifluoro-2-(fluoromethyl)propane;
1,1,1,3,3-pentafluoro-2-methylpropane; 1,1,3,3-tetrafluoro-2-
(fluoromethyl)propane; 1,1,1,3-tetrafluoro-2-(fluoromethyl)propane;
fluorocyclobutane; 1,1-difluorocyclobutane; 1,2-difluorocyclobutane; 1,3-
difluorocyclobutane; 1,1,2-trifluorocyclobutane; 1,1,3-
trifluorocyclobutane; 1,2,3-trifluorocyclobutane; 1,1,2,2-
tetrafluorocyclobutane; 1,1,3,3-tetrafluorocyclobutane; 1,1,2,2,3-
pentafluorocyclobutane; 1,1,2,3,3-pentafluorocyclobutane; 1,1,2,2.3,3-
hexafluorocyclobutane; 1,1,2,2,3,4-hexafluorocyclobutane; 1,1,2,3,3,4-
hexafluorocyclobutane; 1,1,2,2,3,3,4-heptafluorocyclobutane and mixtures

thereof.



each ROis a nonovalent C, to C30 hydrocarboxy radical independently

sel ected fromthe group consisting of an al koxy, aryl oxy, aryl al koxy,

al kyl aryl oxy radicals; each R is a nonovalent C, to Cl2 hydrocarbon radical
i ndependently selected fromthe group ccigsi sting of an alkyl, aryl,

aryl al kyl, al kylaryl and cycl oal kyl diléal S; nis an integer fromO to 3;
mis an integer from0O to 3, wherein the sumof n and mis fromlto 3; and
each X is a halogen; or 115 the catalyst system conprises one or nore Lew s
acid(s) represented by the formula M RC=00 nR nX3{mtn); wherein Mis a

G oup 13 net all. eadhe RBe0essi f aampnoly adlaims Hyld:; ovdhetsérc yther adé cel more

I ndependently selgcted fromt r.0 I ndependent,l.y sel ect.ed fromthe C2 to

C30 group consi stﬁ%&d"ﬂ‘r‘“&ﬁ%ﬁ"ﬂi&‘8@#’?“‘2“1’@?3& F%éﬁonér‘%ﬂn&h}%%%@%%y,

al kyl aryl acyl oxy r agiefintsth8R¢ tifliorérfetBat® ddnefestoethind, q, ICARIuBMERAGEN bONn

radi cal independently selected fromthe Eroup consi sting of an aLgI;i/l , aryl,
0 t

aryl al kyl , al kyl ar il,1-aribhorgethapal kyl r aldl.dartstraffudreethane nt eger 1.+l o 3;
mis a integer fromq%fﬁo SéthV\here'n.the Fﬂgm f nand mis from1 to 3; and
each X is a hal ogeﬂ?n Uy %t%rf%/‘?fxwg ik ‘onpri ses one or nore Lew s
acid(s) represented by the formula MXy; wherein Mis a Goup 15 netal;

each X is a halogen; and vyis3,4o0r5;or the catalyst system conprises one or
more Lewi s ac?Zb(s) Th@pmg.@mf@@yw the preceding claims, wherein fhe 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
more preferably the diluent comprises from 25 to 100 volume % HFC

based upon the total volume of the diluent.

22.  The process of any of the preceding claims, wherein the diluent further

comprises a hydrocarbon, a non-reactive olefin, and/or an inert gas.

23, The process of claim 22, wherein the hydrocarbon is a halogenated
hydrocarbon other than an HFC, preferably the halogenated hydrocarbon
is methyl chloride.

24.  The process of any of the preceding claims, wherein the catalyst system
comprises one or more Lewis acid(s) represented by the formula MX,;
wherein M is a Group 4, 5, or 14 metal; and

each X is a halogen; or

the catalyst system comprises one or more Lewis acid(s) represented by
the formula MR X4, .

wherein M is Group 4, 5, or 14 metal;

each R is a monovalent C; to Cj; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryt
and cycloalkyl radicals,



the formula MRnXy_n; wherein Mis a Goup 15 netal; each Ris a nonoval ent
Cl to Cl12 hydrocarbon radi cal independently selected fromthe group
consisting of an alkyl, aryl, arylalkyl, alkylaryl and cycloal kyl radicals;
nis an integer fromO to 4; yis 3, 4 or_5 wherein nis less than y; and
each X is a hal ogen; or the catal yst sysltlém conprises one or nore Lew s
acid(s) represented by the formula M RO 1R nXy{mtn); 116 wherein Mis a
Goup 15 netal, each ROis a nonovalent Cl to C30 hydrocarboxy radical
i ndependently selected fromthe group consisting of an al koxy, aryl oxy,
aryl al koxy, al kyl nis/dmointegenfiomdl ©;4;ep¢h R is a nonovalent Cl to C12
hydr ocar bon radi cal 'r}gespel%gent[g selected fromthe group consisting of an
al kyl, aryl, aryl aFZ@'I \ 154 %49 and cycloal kyl radicals; nis an integer
fromO to 4, mis an integer fromO to 4; y is 3, 4 or 5, wherein the sum
of nand mis less than y; and each X is a halogen; or the catal yst system
conpri ses one or ntheecatalyiit systeindgom)prisep prs entwde bywis aeddfsh repmésgnted by
M RC=00 nR nXy_( mt g V\hqrﬁ@y S Goup 15 netal; each RC=QO is a
nonoval ent C2 to RS e%r" *Padi cal i ndependently sel ected from
the group consi sti f@eRin BNis@rkasy] Ny 14 ndtali acyl oxy, aryl al kyl acyl oxy,

h R i

al kyl aryl acyl oxy radi cal s; eac is a nonovalent C, to Cl2 hydrocarbon
radi cal independenedoh RO is a monovalent C; to Cyp hydrocarboxy radical independently
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy,
alkylaryloxy radicals;
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;
m is an integer from 0 to 4, wherein the sum of n and m is not more than 4;

and

each X is a halogen; or

the catalyst system comprises one or more Lewis acid(s) represented by
the formula M(RC=00),R'n X4 (m+n);

wherein M is Group 4, 5, or 14 metal;

each RC=00 is a monovalent C; to Cip 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



selected fromthe group consisting of an al kyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals; nis an integer fromO to 4, mis an integer from
Oto4; yis 3, 4o0r 5 wherein the sumof n and mis less than y; and each
X is a halogen. 25. The process of any of clains 1-23, wherein the catal yst
system conpri ses one or nore Lewis aci dl4) independently selected fromthe
group consisting of titaniumtetrachloride, titaniumtetrabrom de, vanadi um
tetrachloride, tin tetrachloride, zirconiumtetrachl oride, titanium brom de
trichloride, titaniumdibrom de dichloride, vanadi um brom de trichloride,

tin chloride trifl thardatiyst Besteyil donippisesiond vi afvr® Liedds acldBp repyésentedbyum 117

di chl ori de, benzyl EZhgqrconi umtrichloride, dibenzylzirconium dibrom de,
met hyl titani um tri B8feFmUaM@AKret hyl titani um difluoride, dimethyltin

di chl ori de, phenyl i Ict ri4dq, t hoxytitaniumtrichloride, n-
KA U bl S

but oxytitaniumtri opropoxy)titani umdichloride,
phenoxyt it ani um t r edshdbiscehalgdeanyt net hoxyzi rconiumtrifl uoride, nethyl
met hoxytitani um di chl ori de, methyl nethoxytin dichloride, benzyl

i sopropoxyvanadi um di chl ori de, acetoxytitaniumtrichloride,

benzoyl zi rconi um t fHeRGLoN H8ystB@ rR¥Y bhd 8P iy Tebkd h'(ﬁﬂ(irs]:??erprcsented by
i sopropoyl oxytin trichloride, nethyl acetoxytitaniumdichloride, benzyl

benzoyl oxyvanadi umhefbommilad®dIXyanadi um oxytrichl oride, alum num trichloride,
boron trifluoride, galliumtrichloride, indiumtrifluoride, ethylalum num
di chl ori de, nethyl ﬁ%ﬁ%&i‘%ﬂ%?é&&?ﬁl yl al um num di chl ori de,

i sobutyl gal |i um di gfthot icdehaléeat By! al um num chl oride, di methyl al um num
chl oride, ethylal um num sesqui chl oride, nethylal umi num sesqui chloride |,
trimethylalum num triethylalumnum nethoxyal um num di chlori de,

et hoxyal um num di CH‘L'eOcra%aq}?s’t syzfstgﬁldclzo_rrtlpenrstes_ one or more Lewis acid(s) represented by

the formula MR, X3., .

wherein M is a Group 13 metal;

each R is a monovalent Cy to C;; hydrocarbon radical independently

selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl

and cycloalkyl radicals;

n is an integer from 1 to 3; and

each X is a halogen; or

the catalyst system comprises one or more Lewis acid(s) represented by
the formula M(RO)R'mX3-(mny;

wherein M is a Group 13 metal;

each RO is a monovalent C, to C3 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 cycloalky! 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



but yl phenoxyal um num di chl ori de, met hoxy net hyl al um num chl ori de,
2,6-di-tert-butyl phenoxy net hyl al um num chl ori de, isopropoxygallium

di chl ori de, phenoxy methylindium fluoride, acetoxyal um num dichl ori de,
benzoyl oxyal um num di br om de, benzoyloxygglIiun1dif|uoride, met hyl

acet oxyal um num chl ori de, isopropoyloxyﬂ iumtrichloride, antinony
hexachl ori de, antinony hexafl uoride, arsenic pentafluoride, antinony

chl oride pentafluoride, arsenic trifluoride, bismuth trichloride arsenic
fluoride tetrachloride, tetraphenylantinony chloride, triphenylantinony
di chl ori de, tetracthtcathyst kpstgramompises ond oemioox Lewiscadid(spraprdsensed by

di chor onet hoxyar si pe,. chl.o Im yarsine, difluoronethoxyarsine,

acet at ot etrachl or o@ﬁf?m@mmﬁﬁﬁfﬁw achl oroanti nony, and bi smuth
acetate chloride. gRereith¥l iPh @685 19Mmetidy Oof clainms 1-23, wherein the

catal yst system conprises one or nore Lewis acid(s) i ndeﬁendent ly sel ected

fromthe group corashsRGRYOfisabumionavalenti bjpdroedrtiacyl atadreah undapendentipi de,

et hyl al um num 118 ichlorid et hyl gl um,n sesqui chl ori de, t hyl al um num
chloride, nethyl a%"g‘?ﬁ%‘fﬁuﬁ?‘&i ‘E‘ﬁl%?‘lpé‘é{ae%{i‘ﬂw}]a e&?&#tﬁ?@e‘éﬁgﬁ&ﬂl Gt EuP _

di met hyl al um num cidngistife, Ber oant riafldab@okgle, aafdclbky@ni WMihR{TaaabkRr i de.

27. The process of any of clains 1-23, wherein the catal yst system conprises

a Lewis acid that alkylaodacylaxyrpdioals; represented by forrmula MX3, where Mis

a group 13 netal, X ispa.halogen. ., 28.~ The~prpcess of an f. th racedi ng
claims, wherein theeacéglt{afsy%_tm yosY_la}eeFﬁg3 Cdptr?ppﬁs&&%gc%@% 5% %a?HﬁﬁE?pgré(?engiy
carboxylic acid, aselctiddoRkihi theagbtp Iaaﬁsiﬂﬁll% of ansalkipnird, asildlkylanlkglagghol , a
phenol, a polyneric halide, a tertiary alkyl halide, a tertiary aralkyl
hal i de, a terti aryandl Q¥ploallel gadicads;t ertiary aral kyl ester, a tertiary alkyl

ether, a tertiary ar . r, .al kyl halide, an aryl halide, an
al kyl aryl halide o lszir?lﬁé{r??%# If/'lozf?i%d hal i de. 29. The process of any of
clains 1-27, wher einris hhgtegadtfatny Otto Sywh&@BindheRIm 8£6 and m is from 1 to 3; and

each X is a halogen; or

the catalyst system comprises one or more Lewis acid(s) represented by
the formula MXy;

wherein M is a Group 15 metal;

each X is a halogen; and

yis 3,4 or 5; or

the catalyst system comprises one or more Lewis acid(s) represented by
the formula MR Xy.n,

wherein M is a Group 15 metal;

each R is a monovalent C; to Ci» 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;

y is 3, 4 or 5, wherein n is less than y; and

each X is a halogen; or

the catalyst system comprises one or more Lewis acid(s) represented by
the formula M(RO}R'nXy-(m+n);



one or nore initiator(s) independently selected fromthe group consisting
of HC1, H20, nethanol, (CH3)3CCl, C6H5C(CH3)2CI, (2-Chloro-2,4,4-
trimet hyl pentane) and 2-chl oro-2-net hyl propane; or the catal yst system
conprises one or nore initiator(s) independently selected fromthe group
consi sting of hydrogen chloride, hydrogéﬂﬁ brom de, hydrogen iodide, acetic
aci d, propanoic acid, butanoic acid; cinnamc acid, benzoic acid,

1-chl oroacetic acid, dichloroacetic acid, trichloroacetic acid,
trifluoroacetic acid, p-chlorobenzoic acid, p- fluorobenzoic acid, acetyl
chloride, acetyl bwherteM isaiGraaylS aketadri de, benzoyl chloride, benzoyl

brom de, trichloroacety) chloride, riflu etylchlo

p-f|dUO{ obeﬂlzoyl ch!{?ﬂ‘ﬁo% k}ﬁé‘tﬁ&ﬂ%@éﬂ‘*& éj\’@%ﬁ% ¥ Wﬁﬂf}‘ %nggq.ﬂtlﬁ’om c
acid, trichlorone %ﬂaﬁﬁy n 9%@?{ :

met hanesul f onyl ori oft ﬁ%% L% ?%ﬁ?lﬁ%ggﬁﬁgg OQ?rl 3ﬂzﬁgakanesulfonyl
chloride, trifl uordkplandmvasmﬂfcahyl chl ori de, p- toluenesul fonyl chI oride,

met hanol , et hanol anol , 2-pr 1 h 0

cycl ohexanol , benz?ﬁji‘aﬁcbghal ’ib‘ﬁ'é‘ﬁ*g '2t°rrétzh§1) ﬂ%ﬁﬁ%?f}/ r‘%" IB?I?PEP%%ﬂtlﬁhenol

5 chl or ophenol P MMSAPRORIML e otnabi e%e‘*%ﬁ*%?%’?ﬁpgﬁ’%ﬂ alary
initiator(s) i ndepmd’:ta'ltddajkyls@llwed fromthe group consisting of

2-chloro-2, 4, 4- trlnetagl;\;l entﬁ 2 brorm 2,4, 4-trinet hyl pent ane;
2-chl or 0- 2- net hy| pP SpHHRess ?IBFPD met hyl pr opane;

2-chloro-2,4,4,6, 6mg§@5q,ﬁgééaﬂolﬁpgrt@q}e 2- br ono-
2,4,4,6, 6- pentanethylheptane 1- chl or o- | - met hyl et hyl benzene; 1-

chl or oadamant ane; 1 ichoarce Whpteire the shm; of 1 and mh issless than wrand| - et hyl et hyl )
benzene; 5-tert- but%/fhg&iS bi. s 1 chI oro-|-nethyl ethyl) benzene; 2-acetoxy-
2,4,4-trimethyl penf’ oxy 2,4,4-trimethyl pentane; 2-acetoxy-
2- met hyl propane; 2-benzoyl oxy- 2- nethylpropane 2-acetoxy-2,4,4,6, 6-

pent anet hyl hept ane; 2-benzoyl -2, 4, 4, 6, 6- pent anet hyl hept ane; 1-acet oxy-
the catalyst system compnses one or more Lewis acid(s) represented by

the formula M(RC=00)R'nXy.(m+n);

wherein M is a Group 15 metal;

each RC=00 is a monovalent C; to Cj hydrocarbacyloxy radical
independently selected from the group consisting of an alkacyloxy,
arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals;

each R' is a monovalent C, to Cj; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

n is an integer from 0 to 4;

m is an integer from 0 to 4;

y is 3, 4 or 5, wherein the sum of n and m is less than y; and

each X is a halogen.

25.  The process of any of claims 1-23, wherein the catalyst system comprises
one or more Lewis acid(s) independently selected from the group
consisting of titanium tetrachloride, titanium tetrabromide, vanadium
tetrachloride, tin tetrachloride, zirconium tetrachloride, titanium bromide
trichloride, titanium dibromide dichloride, vanadium bromide trichloride,

tin chloride trifluoride, benzyltitanjum trichloride, dibenzyltitanium



1- net hyl et hyl benzene; 1-aceot xyadamant ane; 1-benzoyl oxyet hyl benzene;

1, 4-bi s(1l-acetoxy-|-nmethylethyl) benzene; 5-tert-butyl-1, 3-bis(1l-acetoxy-
1- net hyl et hyl ) benzene; 2-nethoxy-2,4,4-trimethyl pentane; 2-isopropoxy-
2,4,4-trinmethyl pentane; 2-net hoxy-2-nethyl propane; 2-benzyl oxy- 2-

met hyl propane; 2-nmet hoxy-2, 4, 4, 6, 6- pent ﬁgthylheptane; 2-1 sopropoxy-
2,4,4,6, 6-pent anet hyl hept ane; | -net hoxy-I|-net hyl et hyl benzene; 1-

met hoxyadamant ane; 1- et hoxyet hyl benzene; 1, 4-bi s(1-methoxy-1- methyl ethyl)

benzene; 5-tert-butyl-1,3-bis(1l-nmethoxy-I-methylethyl) benzene, and
1,3,5-tris(1-chl ordlchloméc,hwleewﬁmcpnb@nztetnblorléc) ditieazylzioeaden otﬂlbmn}adgf t he

precedl ng clainms, wh i.n .the ca conpr i

weakl y- coordi nat i nﬂleﬁ'ﬁft ganiug, mf’h@’”é?’oc@é? lymtﬁ?ﬂ}mof dﬁ‘ﬁ8“§“r’ecdé‘8f*‘ﬁ‘§“‘8| ai s,
wherein the one or diRleide] Ehédyﬂaﬁédlﬁﬁn GRURRIride e nbitifsXytitanidd@ NridRoR&N yat er
(based upon wei ght 32. The process of any of clains 16 or 17, wherein the

one or nobre noNo utpsytltalynmr e itneldpadient rlgilsgmoe@&éatamtm t héichlotide

consi sting of 120 sobut |.ene, ..styr al kvl st.
par a- et hyl st yr eneP Cglloxw t‘yimgﬂbroﬁé{d%f ﬁlﬁe@@ﬁa&hox Z?II‘B%I’H ntg?l’uorlde methyl

di i sopropenyl benzeﬁﬁthoxyataﬁnhhyhmh}ohubenﬁeﬂ@r ﬁﬁeﬂlbxjmd bichRifide, benzyl
2-met hyl - 2-pentene, isoprene, butadiene, 2,6 3-dinmethyl- 1,3- but adi ene,

13- pi nene, nyr cenelsopropoyyveaadiym. f | dieleride ex adcelawytitagiye opemch@ﬂéhe
met hyl cyclopentadbgpﬁglRJ@%&%Tenqnbgﬁhmyl V%Qﬁnyﬁﬁgﬁkenuﬁthy i ﬁﬁ% et her,

and isobutyl vinyl rocess of prece I'ng clai s,

wherein the one Orlsﬁplfopoylﬁﬁﬁmfmﬁﬂﬂdnd‘@rméthﬁlea@ﬁoﬂyﬁ%ﬁurﬁodlwﬁl%’mdéiolﬁlﬂ&yﬂ ene
based upon the total ght of the one or nmononer (s). 34. The process

of any of the pr ecb@wﬁ@b&m%mnmém@nﬁet H@ﬂﬂ@j%‘?’fﬁﬁ?h ode, t SHERABIUr ¢ |
from 15C to -100C, trith rﬁfeabtlo\foﬁ hl?lleBhMém rgﬁlﬁﬂntn' Rchibf efrﬁituﬂ'ﬁetrifﬁlohggm 30C

to -70C, nore preferably the | zat tenperatdre 1s from
- 60C. ethylaluminum dlchlonde, methylaluminum dichloride, benzylaluminum

dichloride, isobutylgallium dichloride, diethylaluminum chloride,
dimethylaluminum chloride, ethylaluminum sesquichloride,
methylaluminum sesquichloride , trimethylaluminum, triethylaluminum,
methoxyaluminum dichloride, ethoxyaluminum dichloride, 2,6-di-tert-
butylphenoxyaluminum dichloride, methoxy methylaluminum chloride,
2,6-di-tert-butylphenoxy methylaluminum chloride, isopropoxygallium
dichloride, phenoxy methylindium fluoride, acetoxyaluminum dichloride,
benzoyloxyaluminum dibromide, benzoyloxygallium difluoride, methyl
acetoxyaluminum chloride, isopropoyloxyindium trichloride, antimony
hexachloride, antimony hexafluoride, arsenic pentafluoride, antimony
chloride pentafluoride, arsenic trifluoride, bismuth trichloride arsenic
fluoride tetrachloride, tetraphenylantimony chloride, triphenylantimony
dichloride, tetrachloromethoxyantimony, dimethoxytrichloroantimony,
dichloromethoxyarsine, chlorodimethoxyarsine, difluoromethoxyarsine,
acetatotetrachloroantimony, (benzoato) tetrachloroantimony, and bismuth

acetate chloride.

26.  The process of any of claims 1-23, wherein the catalyst system comprises
one or more Lewis acid(s) independently selected from the group

consisting of aluminum trichloride, aluminum tribromide, ethylaluminum



35. The use of a diluent conprising one or nore hydrofluorocarbon(s) (HFC s)
In the process of any of the preceding clains.
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dichloride, ethylaluminum sesquichloride, diethylaluminum chloride,
methylaluminum dichloride, methylaluminum sesquichloride,

dimethylaluminum chloride, boron trifluoride, and titanium tetrachloride.

27.  The process of any of claims 1-23, wherein the catalyst system comprises
a Lewis acid that is not a compound represented by formula MX3, where

M is a group 13 metal, X is a halogen.

28.  The process of any of the preceding claims, wherein the catalyst system
comprises a hydrogen halide, a carboxylic acid, a carboxylic acid halide, a
sulfonic acid, an alcohol, a phenol, a polymeric halide, a tertiary alkyl
halide, a tertiary aralkyl halide, a tertiary alkyl ester, a tertiary aralkyl
ester, a tertiary alkyl ether, a tertiary aralkyl ether, an alkyl halide, an aryl
halide, an alkylaryl halide or an arylalkylacid halide.

29.  The process of any of claims 1-27, wherein the catalyst system comprises
one or more initiator(s) independently selected from the group consisting
of HCl, H;O, methanol, (CH3);CCl, CsHsC(CH;):Cl, (2-Chloro-2,4,4-

trimethylpentane) and 2-chloro-2-methylpropane; or

the catalyst system comprises one or more initiator(s) independently
selected from the group consisting of hydrogen chloride, hydrogen
bromide, hydrogen iodide, acetic acid, propanoic acid, butanoic acid;
cinnamic acid, benzoic acid, 1-chloroacetic acid, dichloroacetic acid,
trichloroacetic acid, trifluoroacetic acid, p-chlorobenzoic acid, p-
fluorobenzoic acid, acetyl chloride, acetyl bromide, cinnamyl chloride,
benzoyl chloride, benzoyl  bromide, trichloroacetylchloride,
trifluoroacetylchloride, p-fluorobenzoylchloride, methanesulfonic acid,
trifluoromethanesulfonic  acid, trichloromethanesulfonic acid, p-
toluenesulfonic acid, methanesulfonyl chloride, methanesulfonyl bromide,
trichloromethanesulfonyl chloride, trifluoromethanesulfonyl chloride, p-

toluenesulfonyl chloride, methanol, ethanol, propanol, 2-propanol, 2-
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31.

32.
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methylpropan-2-ol, cyclohexanol, benzyl alcohol, phenol, 2-methylphenol,
2,6-dimethylphenol,  p-chlorophenol,  p-fluorophenol,  2,3,4,5,6-
pentafluorophenol, and 2-hydroxynaphthalene; or

the catalyst system comprises one or more initiator(s) independently
selected from the group consisting of 2-chloro-2,4,4-trimethylpentane; 2-
bromo-2,4,4-trimethylpentane; 2-chloro-2-methylpropane; 2-bromo-2-
methylpropane; 2-chloro-2,4,4,6,6-pentamethylheptane;  2-bromo-
2,4,4.6,6-pentamethylheptane; 1-chloro-1-methylethylbenzene; 1-
chloroadamantane; 1-chloroethylbenzene; 1, 4-bis(1-chloro-1-methylethyl)
benzene; 5-tert-butyl-1,3-bis(1-chloro-1-methylethyl) benzene; 2-acetoxy-
2,4,4-trimethylpentane; 2-benzoyloxy-2,4,4-trimethylpentane; 2-acetoxy-
2-methylpropane; 2-benzoyloxy-2-methylpropane; 2-acetoxy-2,4,4,6,6-
pentamethylheptane; 2-benzoyl-2,4,4,6,6-pentamethylheptane; 1-acetoxy-
1-methylethylbenzene; 1-aceotxyadamantane; 1-benzoyloxyethylbenzene;
1,4-bis(1-acetoxy-1-methylethyl) benzene; S-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.

The process of any of the preceding claims, wherein the catalyst system

comprises a weakly-coordinating anion.

The process of any of the preceding claims, wherein the one or more

initiator(s) comprise greater than 30 ppm water (based upon weight).

The process of any of claims 16 or 17, wherein the one or more

monomer(s) is/are independently selected from the group consisting of
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34.

35.
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isobutylene, styrene, para-alkylstyrene, para-methylstyrene, alpha-methyl
styrene, divinylbenzene, diisopropenylbenzene, , 2-methyl-1-butene, 3-
methyl-1-butene, 2-methyl-2-pentene, isoprene, butadiene, 2,3-dimethyl-
1,3-butadiene, B-pinene, myrcene, 6,6-dimethyl-fulvene, hexadiene,
cyclopentadiene, methyl cyclopentadiene, piperylene, methyl vinyl ether,

ethyl vinyl ether, and isobutyl vinyl ether.

The process of any of the preceding claims, wherein the one or more
monomer(s) comprise at least 80 wt% isobutylene based upon the total

weight of the one or more monomer(s).

The process of any of the preceding claims, wherein the polymerization
temperature is from 15°C to -100°C, preferably the polymerization
temperature is from -30°C to -70°C, more preferably the polymerization

temperature is from -40°C to -60°C.

The use of a diluent comprising one or more hydrofluorocarbon(s) (HFC's)

in the process of any of the preceding claims.





