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Substantially Free of Long Chain Branchi ng CROSS
WERHHRENMGE TO RELATED APPLI CATI ONS [ 0001] Thi SPCT/US2003/040341

application clains the benefit of Provisiona
Application Nos. 60/435,061, filed Decenber 20, 2002,
60/ 464, 187, filed April 21, 2003, and 60/479, 081,
filed June 17, 2003, the disclosures of which are

i ncor por #odgnéys Substantially Ereé bELoh Ehh VBN cBihg 0002]
The invention relates to new pol ynerizati on processes

i ncluding diluents including hydrofl uorocarbons and
[ighss RIFERERCIYEPRREAR ER AMPTHCATRORS  ant i al [y

ree 0 ong chai n branching. I'n particular, the
invention relates to copolyners of an isoolefin,
preferably isobutylene, .and a nultigolefin, preferably
300044 nj ugatlds appdationflaimsthe benehif F’g{) Toé’bsb‘?r@ﬁéppﬁcatlon Nos.
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AR Y BT b Ry POy S PR P 21, 2003, and
GaMEemat j Glkedclunel 003 athieodisclprunesests sdichChresmeeipatated by
i nportance is butyl rubber which is a copol yner of
Feeltes 1 ene with a small amount of isoprene. Butyl
rubber is made by |ow tenperature cationic
pol yneri zation that generally requires that the
FEbI QFINVENEYONa purity of >99.5 wt % and t he
i soprene have a purity of >98.0 wt%to prepare high
nol ecul ar wei ght butyl rubber. [0004] The
ggedegcat i ormhe iRGdNHIRI fekddsl ®MET pob@iizitiemn @révaskek tificluding
copolynerization with conononers |ike isoprene is
deloeripiiaending hydiedprosarbonsard theijuse to grgdpee novel polymers

M.SEHY .Sl ri .
SR Y1 0P T ol b A B s o
é@f@lymeﬂsfiﬁ%n isoolefif, phferppBszesKene, end a nfidtiolefincpreferably a
Pol yneri zati ons, Marcel Dekker, Ing., N ork,.1996.. .
TREjUEAIEA| Jishe, RPIBODEI BB S5OPERS: UBPlsahaRogipe ob Tong chain
SYscfio! s typically conmposed of two conponents: an
initiator and a Lewi s acid.

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 wt% to

prepare high molecular weight butyl rubber.

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




Exanpl es of Lewi s acids include A1C13 and BF3.

Exanples of initiators include Bronsted acids such as
woiCho4/0REAOH (wherein R is an al kyl group), andpERMS2003/040341

During the polynerization process, in what is

generally referred to as the initiation step,

i sobutyl ene reacts with the Lewis acid/initiator pair

to produce a carbenium ion. Follow ng, additional

SRty typidally cdboteal dfevd oasmp@heﬁaasr e fhitintor @nd ianLewib akid.

IS generally called the pr tion_step. These steps
Eypnples of Legieagiismeludg AG-IC? ﬁ; Examaples, ghinitiators include
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chloride. Typically, the polynerization process
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nonomers and al um num chi ori de cata yst but not the

pol ymer product. Methyl chl or| de al so has suitable
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peRaletizatddh pfdces {to qar@ducsénwtylaﬂdobeﬂrlﬁﬁyﬁsamtﬁem n@e.y.in the
The slurry pol yrrerl zation process in. nmethyl chloride
dilpent gneth i ¢hberident Teriealty dhmpo aawaﬁ@twe@ropwsmﬁnﬂaely uses
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I'on m can éve

gipesedorn enikivee.caviedl chloride 19fenqﬂbyedaﬁﬁuzi abletdyoofl 29%sons,
in_ solution polymerization. An acceptable relatjvely

pwm& thet ity dissefves e nasapvﬁ@ranfla%lmaﬂl%g@onée %ﬁlaﬁh‘é‘ﬂ not
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surface heat exc
o byumet, |rzaiecmly,dbwctemefatura paabttngrizanhm andi dffective sepacition
mtilg production of hrmlec | ar \NEIgPt .. .
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par a- net hyl styrene are al so conducted usin
comasniraiéon &f appreximately 24%6 tir AAGhlsd volumel iny bm@actlps mixture

a s?) 816 cg??éuffplfgged 10 tthe congehrltl%llorq f on QOLﬁ/ }9/% %8%52% 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 methyl chloride are used in the production of high molecular weight
polyisobutylene and isobutylene-isoprene butyl rubber polymers. Likewise
polymerizations of isobutylene and para-methylstyrene are also conducted using
methyl chloride. Similarly, star-branched butyl rubber is also produced using

methyl chloride.



3 [0006] However, there are a nunber of problens
associated with the polynerization in nethyl

wohbarosgsss for exanpl e, the tendency of the poPgmRIS2003/040341
particles in the reactor to agglonerate with each
other and to collect on thes3reactor wall, heat
transfer surfaces, inpeller(s), and the
agitator(s)/punp(s). The rate of aggloneration
[0006pases Hapiesibly thaqer@acd mambeemegrablens asssaated W1th the

Aggl onerated particles tend to adhere tqQ and grow
glam@na%}fonow gigthyd LF&‘ME’@S foheyaneRift Hst ten sihohe pol iner

gﬁﬁelfeg fn ﬁfe%s&%qs ag%teﬁ%rat@%lm%héh P tB e8ledt bR Fe'éctor

qui pnrent bei ng us renove the exotherm c heat
wallyhmt itzasteosyrfacks, dmpeler(s)) dridcthb agitatoe(s)/mwnp(s). The rate of

e .ure reacti dit t t
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to 30 liters in volunme-wt hi gh circul ation

secheaspeanioidischaygedinsangs Wethad 4rer heal rengier %qmmcmfoﬁmg used

d th h d, rd
S P s, BECEE B i 3¢ £ Syl
tehgpeddtintel reactiod coRAEYRs tili bBeintafiedexanpl e of such a

continuous flow stirred tank reactor ("CFSTR') is
found in U S. Patent No. 5,417,930, incorporated by

i(ﬁf(ﬁ ence, Tlﬂg rpghﬂ%{r&glr reh Er%rtgfﬁll%aﬁyp hé?i BE0&E he?esru%bers are

rea tor" reac ese reac
Slell miixed S(GSS&IIS of lgwa&d tHarioug Botlitre $n odlumetveidh a hpghhmglenon
by a punp whi | e bolllng et hyl ene on the shell side
Frevreaded &y 7 rRymn pBpeliciy r yf E@ dibensiZatign aag fhg pump both

ggﬁe%t@ gﬂaﬁ&y x#la‘r:‘dep ) gbé}gh HRiuER Idt ﬂﬁ%ﬁ&foﬂrs‘gstehpﬁeeds to

equi red heat flux an e overall resistan
haane ebilitOw teheove ﬁhﬁh@ﬁt sidexample disath exatipnges flow stirred

surfaces pr S, I ac at e I wahNibitin
Fatli St IR R i o 3 05, BRkiE B8 S asphetiemippt
Yﬁ@ﬂ%ﬁéeath%f&natﬁér réfeRed Tch irﬁ%é}fehﬁ asld Weddiort N "lBﬁ@"PtréaféﬂJr" In
slurry concentration that can be used in nost

ﬂma@ tecors, s 6 ctltstukweckﬁbrwgb tobescofza heas exghangembey a pump,
1% lrpg}lgxlgu%%l%g% %ef’ Ishe?lr Qf%% Sg?r‘r]gdr%g tacggﬁn tﬂ{' sl%%%lttgl%perature

Beiap dRtehasdes he b@ﬁﬁgrahylmt &ﬁtparaﬁmctheas dike@. hekaflentnd
No. 2,534,698, U.S. Patent No. 548, 415, U. S. Patent
fhs, overalh aepgigce toohgsy dienstex. hé&bﬂﬁaﬁlewsm%\%e heat exchanger

%ﬁ'e?cteé g{%gésgfvle{}y aC%G{K(lB§€S§(§iglrngle ibitRd Wbt @ﬁrﬁ@re ich would
assocl yner- particl e aggl oneration for

itemd! te reanda thg shlrt}etempedtture moreise i @his 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.



process. WO 2004/ 058835 PCT/ US2003/ 040341 4 [0008]

U S. Patent No. 2,534,698 discloses, inter alia, a
woabosrossdszati on process conprising the steps PAT/US2003/040341

conbi nation of dispersing a m xture of isobutylene

and a polyolefin having 4 to41l4 carbon atons per

nmol ecul e, into a body of a fluorine substituted
al i phatic hydrocarbon containing material wthout
Siﬁﬁgﬂant i al Uso|Raténd Na. 553,698 diisc;lbfe?,l pitepelid, ®PoBinerization
fromone-half part to 1Q parts. of uori ne. )
SUTBEET T GRraRFsPs s PFEPTyBr SEEPBEHOm R REpPPREna onenisire of
fsotentgiand il atiiiolefe hatth ackyl &1 \‘.‘%}’bSH akcind Bgy%rﬂle%{ﬂef H%o 2
pol yneri zation tenperature and po ymerizing  the —~
chosiycaicee fuoring srbstiofed sihatiy hpdrocaha pottinire R idiaY iiGou
f f : car ho at ons_per . nol ec a
b PHLSF SR 2B oo ShaeBy et hsTEpt 1ot pas of
tfhedriee GuBbstitite€ dEbh4dAhiRoafonl Maving HEMENRS 1o 1%69 garborf ptoms
teaches that the suitable fluorocarbons would resuft
iRer Baeqyisawhichdy diguid atithhpelimerizationsempeatoe amk polyattizing

' ially i l.ubl e. in. the
3P A SRRSO BRI Tl fouron ton
wend pafmcleonly at [l tulds Setwiah e70°CNRd 2 6548p i a(%)lication
ter alia, a continuous polynerizati

ey o '

S}L%g@gge%?éfﬁf%aﬁ G5B oRloyvevar, c6P8| eaehies that the epstable
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pol y r?eaﬁogtv}[dgﬁ&] ?éesgg? g fdsylggagk dr é’;sﬁﬁng gvrll{shi %IF iRy BTy COmOnOmer

reafl cratabyso hoingi substahtiallyo bisoinbenia tedflEorotaBén RRRR theRise

[ rene; dil.uting the mxture with from 1/2 volune
tdig%ﬁ%ﬁ‘mg‘s tog)f'hyl i dene difl uoride;

copol ymeri zing the m xture of isobutylene isoprene by
the continuous addition to the reaction m x.ture. of a
I0R d st r dafh Jatamt ND.oasHMP, 45 eqiaclesbspdhgrerliaz ad ic@RAtinuous

St..consi sting of b Lfluoride in solution
PR GERTFi PR erebn e A aichPolymenebe simps caparing
lehtive@sly Addedng to 1D 30O nicREAUBNRELNE SRt @onslj]séinés%f a

copol yreri zati on reaction . "415 teaches t

FPoPRoktons of ispbeizlenn @nﬂt%min@nmoemnaisoprh?e; Ldiliting the
' 1. 4-difluorpet hane as. a.preferr -
?gsr(r%{ér; Z‘%@%ﬁgﬁﬁ? cgn‘gﬁlﬁ a{t 9 OL(P p‘fO&WP‘aSes‘?fa e%@%ﬁ@?ﬁ i‘ﬁﬁuonde’

whpadymetisng sheamisstire dfosudIBlencdSfshr& RN ORRInBAS W aldition to
ol ubl e and yet §ti1,l .affords a high degree of polymer
e 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 -1030C 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.



insolubility to capture the benefits of reduced

reactor fouling. However, boron trifluoride is not a
wonedfimssssd commerci al catal yst for butyl pol ynecs/uSer3a40341

variety of reasons. WO 2004/ 058835 PCT/ US2003/ 040341

5 [0010] U. S. Patent No. 2,644,809 teaches, inter

alia, a polynerization process conprising the steps

i n conbination of m xing together a major proportion

§0018) N"ONOOIES.i Path@VINO92 444,808, tdadledsy #r¥re alig a4 polyrdérisEion
per nolecule, wth a nmnor gro portion of a
REACESSoCRMPHSigyiheg StePBring cembingtion f| mixipe, tegstisene major
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thed mixed uok$inherfeaf | liquikk sabemiasio| fedri n tieendgroup t codsésfting  of

ssol v d in sai,d |]iquid, and caryying o t he
dEkl i eRmsitae > a0 v BRPObSe g pehane.
U BREORInERIRhe®hind, @chiblddtiuoreéd®Rediags | @p@Sred NBereof, the
utility of chl or of 'uor ocar bons at nalnta|n|ng i dea

mqmpcgeﬁnmérra@wlelefmt hedug dissbluech nrmsazd d@urdeamdcprarrymg out the
but, t aches th ncor par diolefin
PP mRPaiah i, & ORISR Tl R onosr R BPofriBarb afde
(ll@fﬁi@) '8(@"1@&:1@%@ thek AP of ﬁﬂb@ﬂ@éfb@&‘o@ﬁ@iﬁ&h&ﬁ@umng 1dea1 slurry
chem cal s. Governnental regul ations, however, ightly

cbaraeteyisics ad rammimirete reacton dowling: bubtearkss e lusm)@,ratlon of

AP s DB ¥ MRt S RKb g TCRGE PGy ar
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%E&Bg%%eéso ach le-%g ﬁl?fgq?laﬁcfpg (g%%ffgﬁg%)ng tﬁese materials
?tﬁjagcﬁf%sfor &d?ﬁlﬁércﬂl 'oﬁeraﬁ&? cationic slurry

nerizatlon copol yrmers of isobutylene with
|soprene (butyl rubber) and with cyclopentadlene in

E&ﬁf} nts o%‘%ﬂﬂ?@@ f{’ag u‘gré ‘E{u{iﬁeg’r at E)a J;’Ieyf gh Molecular-
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oneratil on

48 4) Rubber Chemical Technology, 960 (1976), discloses, inter alia, the cationic
slurry polymerization of copolymers of isobutylene with isoprene (butyl rubber)

and with cyclopentadiene in heptane.

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

polymers associated with the aforementioned processes would help supply the



and/ or reduce the anmount of chlorinated hydrocarbons

such as nethyl chloride is desirable. Such new
weoabogrossd3zat i on systens woul d reduce particl e PCT/US2003/040341

aggl oneration and reactor fouling w thout having to

conprom se process paraneterg, conditions, or

conponents and/or w thout sacrificing

productivity/throughput and/or the ability to produce

hivehd'5eh@easim dsRAfINfor RAAYTRES - anBWH | AdoOpivlde. fof 1Al BEH use

new polymers associated with the aforenmentioned

panpdieais®s. woul d hel p supply the WD 2004/ 058835

PCT/ US2003/ 040341 6 worl d's increasing demand for

el astonmers and/or also provide for new end use

ajopoli3cat i onHyddo@@ddbartaly GliF 09y eathbRraly HhCa)cudleBily used

chemcals that are currently used as environnentally

f 35 @waoymertally figndht rinecsanis beqayss thenhavaa veryylowdaven zero)

( ) et | of ent i.al . ir.low
P00 Ry pBRRNS, CPRAEIN S RRL TR R pol Rl iy Bughetg e
t feintédatokthe flackhbioghilorine. Thke HEC'salsd s@pitallyi leak [ lywhatemability
low flapmability _particularly as conpared to

e hereonEediRbyArasatbens agydicldenraieshky dro@oloms. Long
chain branching is known to influence the solution and
r heol ogi cal properties of polyners.
| WOt y| eneLomp sh&nebrangohy e rknoametk moflvencd chpaeha®s and

slight. unts. of .1 ong chain. branching. The degree of
|f&ﬁ§1°8w3\"ﬁopﬁflsﬁeﬁ PRy é%eisabw?qnﬁﬂw SLORPYMSTHare known
| @Vdss@k dlisRPhBBENt Brl1BSy ¢ARA! HRdhing. BAGBURErRl of Mg chain

direct rel ationship between branching and iSoprene
i brewshieg genemnlly inereadss nyith hier lewdl ofjilsegirerze frm\thercopblymer.

iolggci%ﬁt%% {}f: tﬁxg/dlti%g r%gaglgn%?f %13 g:gé %ﬁa\%}hﬁg{q&lnggs?orprenaeni%lélgltpgration,
sinh@higatthorhaalodicallbedneion beisobiity REEMGprnd @b}%(dl?ﬁﬂe?s&ifiiﬂpﬁigher
di luent and/or a polynerization condition that allows

fapounts, af jopreae ¢ itheseovith despunapl aefebs srightfward. Therefore,

: i | . _chaijn _hranchin

ORI TR A b ek A g A0
pihe pereparatforo bf titubutydapikypretes copaymarsbsidathatialtyafge of long
copol ynmer. .conposj tions. [0015] O her background .

r<ouy bragehing erlfﬁfoﬂénmy%%lﬁ?ggﬂéx te mtchyhselogicakpreperties of the
r QRoBRherDOVY AebARE Ho BF 8 YSoBositiops.
H?%rgﬁ%ﬁorocarbons. Cgﬁer ac groS%gM$Pg?%rences

i nclude DE 100 61 727 A, WO 02/ 096964, WO 00/ 04061,
Lf()&lS]Pat ent Other background references include WO 02/34794 that discloses a
free radical polymerization process using hydrofluorocarbons. Other background
references include DE 100 61 727 A, WO 02/096964, 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.

SUMMARY OF THE INVENTION

[0016] The invention provides for new polymerization processes
comprising diluents comprising hydrofluorocarbons and their use to produce
novel polymers substantially free of long chain branching or having no long chain

branching. The invention provides copolymers substantially free of long chain



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]
wOheo4i0a8838t i on provi des for new pol yneri zat i onPCT/US2003/040341

processes conprising diluents conprising

hydr of | uor ocar bons and thei 7 use to produce . novel

pol yners substantially free of |ong chain branching or

having no |l ong chain branching. The invention

Praavhidg Svithofsl wndos inspibsddartiebigionl propertieh olveing brdademrange

WO 2004/ 058835 PCT/ USZ 03/ 040341 7 branching with new

ahenPolY e SPBPEELPPEHAY BRI BPEMRIFt i es over a broader

range of copol yner conpositions than has been

possi ble. [0017] In particular, the invention provides

[01r17]:opol y iepatioilag the inpaitehipmovidey of eopdymers of an isoolefin,

yl e and a nultiolefin, preferably a .

Tréaat Sy B, o antFp By bisPyenE op pesjudered diene, more

{jzg t1’s<‘}‘}4ré:ﬁé funen@hily 8R9 of Mg HRABRRERAS. Addltlonally, the
Itironal’ly, 'the invention provides for copol yners

afvention poofidesifor copodireeratsif\ani iseefin| reelerabln éohutylene, and a

nmul tiolefin ef er abl onj ugat ed

B U s arveigtioR s SRS e Che R g PRRE havipe no
11 Bhin Braddd@iher aspect of the invention, the

i nvention provides for a copolymer produced by the

process conpr|S|ng contacting an isoolefin, preferably

' | | ef |
Mit y enzn Shotbet alﬁﬁ%CF bF Bhe RIVEHESR LY 1@&91%%@%895 for a

I sOprene, dne

a6psi{mes prodacedrbynie 9rdc6$stdoatpﬁfs{@) con&l&dn@ anl ldoukeﬁh preferably
conpri sing one or nore hydrofl uorocar

webpwilene; e mEfslefiRe rprelgtably s tcamulgaﬁeﬁ ogwp%e mgye | Efﬁ&rably
F&%&&ebagg cfj} gy Le %S acﬁ?&s}) o{ﬁgaf I%P Fhée bﬁlﬂ%&tgg and Q0 dhent

an e nment, or conju
dompesinglone ios apire hgdroﬂhenmcgnbes(eh (HFG oh tvdmrem ghef ccmmlymer is
greater t 5 Y0 2 Ln an, enbodi t he
Sy B offone St urnEt o s B ISTEBaH B e
present, content is fromgreater than 1.0 nol % [0021]
In an enbodi nent, the nmultiolefm or conjugated diene,
¢0019|]sopr erIB amanﬂlms@ntthe conttielin, s of repmvgeedt diene, or

kPRt Bfhpreaert coffelt st greBfbR A8 horde®

[0020] In an embodiment, the multiolefin, or conjugated diene, or

isoprene, when present, content is from greater than 1.0 mol%.

[0021] In an embodiment, the multiolefin, or conjugated diene, or

isoprene, when present, content is from greater than 2.5 mol%.

[0022] In an. embodiment, the multiolefin, or conjugated diene, or

isoprene, when present, content is from greater than 5.0 mol%.

[0023] In the previous embodiments, the copolymer may be halogenated

to form a halogenated copolymer.



i soprene, when present, content is fromgreater than
5.0 nol % [0023] In the previous enbodi nents, the
woapalogsss may be hal ogenated to form a hal ogeaatuseno3/040341
copol yner. WD 2004/ 058835 PCT/ US2003/ 040341 8 [0024]

In the previous enbodi ment, ¢ he hal ogenat ed copol yner

is halogenated with chlorine or bromne. [0025] In
any of the previous enbodi nents, the hal ogen content
I[Go2¥jeat er Int RN p@ex@oﬂ@t %ﬂb@&ﬁﬂertﬂpﬂﬂe t iBodeb@dt copolymer is
hal ogenat ed copoly [0026] In any of the previous
datogdiatechwith ch nharb@@nn‘tontent is from 0.5 w%to
3.0 wm % based upon the wei ght of the hal ogenated
copolyrmer. [0027] In any of the previous enbodi nents,
é‘)‘@l opol ymRhniey teaptevisus dib@fimbntgnihg hakigen coftan is greater
002 In any of the previous enbodi nents, the
ébq@tﬁwé obﬁa#mbthawembt@fthﬁhélfﬂgeﬁwé%é €RPOLHES- 100, 000.
[0029] In any of the previous enbodi nents, the
copolymer may have a Mwv of from greater than 500, 000.
[[0@21@] In alﬁyanyfoﬂthe pmveousmmsboelirbexdis nthathelogeheontent is from

co have a at er than
Bo000.0 Thebasedrmoniy wrickied B b iserg bR e s

the copol ymer 'may have a MAD of from greater than 2.

[0032] In any of the previous enbodi nents, the

qoeDI]yner rinyanyacfetha prédlBusembodimentst theseofoliy®] mpy have a
a\g 0 theEﬁ%rewo ®r6b0d| ments, the copol ymer may

Veptdromg otyofatleastZO 5 (M 1+ 8
at 125C, ASTM D 1646). [0034] In any of the pr evi ous

enbodi ments, the copol ynmer may have a Mon
vD828Isi t y o 4nyoeh e prévipes embodiments, 1h€+0<830équ1251€}’ have a

wofj%o]ig%@ater%nzl%%%&sssss PCT/ US2003/ 040341 9

[0029] In any of the previous embodiments, the copolymer may have a

Mw of from greater than 500,000.

[0030] In any of the previous embodiments, the copolymer may have a

Mw of from greater than 1,000,000.

[0031] In any of the previous embodiments, the copolymer may have a

MWD of from greater than 2.

[0032] In any of the previous embodiments, the copolymer may have a

MWD of from 2 to 6.

[0033] In any of the previous embodiments, the copolymer may have a

Mooney viscosity of at least 20 = 5 (ML 1 + 8 at 125°C, ASTM D 1646).

[0034] In any of the previous embodiments, the copolymer may have a
Mooney viscosity of from 20 + 5 to 60 +5 (ML 1 + 8 at 125°C, ASTM D 1646).



[0035] In any of the previous enbodi nents, the
copol yner may have a g'vis.avg. fromgreater than or
wequaos588350. 978 as determ ned by triple detect POWUSE®3/040341
(descri bed herein). [0036] In any of the previous
enbodi nents, the copol yner ®ay have a 91lvis.avg. from
greater than or equal to 0.980 as determ ned by triple
detection SEC (described herein). [0037] In any of
t he previous enbodi nents, the copolyner may have a
' vis.avg. from greater t han or ual . to 0.990 as
He3aF nedhbynx of meep%wétwd is, (e SOPolpEtyr may have a
'Gg £l B él%%%?lhahrbr gMal% 0ld78 RIRUrAHtRIBOHIEA Gon SEC
H £opol e a g vis.avg. fromgreater than
(des@ihedlhetadn)0. 995 as determ ned by triple detection
SEC (described herein). [0039] In any of the previous
enbodi ments, the copolynmer nay have no |ong chain

03gghi ng. Ir[ QRAQF Hd bievidhy MHoRAA &S Othe &lo ?t)@m @nay have a

ol yheri zati on” process conprisin cont ac one or
ot omoeRS: Uomoroauiod. 980vissTeterminedatnlriphedgction SEC
|t|atqﬁ i,n the presence of a diluent conprising one
l?g ofluorocarbons (HFC s) in a reactor under
polynerlzatlon conditions. [0041] In another
enbodi nent, this invention relates to_a process to

WBalce polysey fshe mmre(@l)odéraﬁw,. %mﬁ@pekymeaéﬁ%bave a
ol s AT btbter 16, orIATE o ALl B BbiclalduddispC

SW%@% uorocarbon er el
kdstisbeddicgbih)s not a conpound represent ed by fornul a
MX3, where M is a group 13 netal, X is a hal ogen. WO
2004/ 058835 PCT/ US2003/ 040341 10 [0042] In one

ﬁ‘i@@ﬁ' ment g, ta]h; Jrne fév@éhspén‘i%d%én@, 8! OBl h@N have a

m suitable to p yneri ze one or nore nononer ('s)
;s £, @ rfrana geatey heam, ortdgeal tpd).9Aeasi detrimpmedniesdiriple detection SEC
%ﬁ? risin ne or nore Lewi s acid(s), one or nore
? and a diluent conprising one or nore
hydrofluorocarbon(s) (HFC s).

[0039] In any of the previous embodiments, the copolymer may have no

long chain branching.

[0040] This invention also 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.

[0041] 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 MX3, where M

is a group 13 metal, X is a halogen.



[0043] In another enbodi ment, the invention provides a
pol yneri zati on nedium suitable to polynerize one or
waonoe/ogrsner (s) to forma polyner, the pol yneCTaari0em40341

medi um conpri sing one or nore Lewis acid(s) and a

di l uent conprising one or kbre hydrofl uorocarbon(s)

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

conmpound represented by fornula MX3, where Mis a

[I)Mﬂp 13 hetomk embodmiest, athealmgetion DRAVIENGS pol@dktization
ure 1 is a graph.of the relatlonshl bet ween

eI, Ph 1o e G AAPLRE TR OOPaSt PO asTam lyees the

bé]]yﬁleﬂEfthanegfung'chﬁﬁgm BPthake I?e%w@ afc&’d”(§)t I8 &f more
ume fraction hydr of'l uorocarbon in neth

ititiaiot(s)eand DolEht Eorgpmsangomesoranmedwdmﬂlpmhm@é ¢dFgls).

wei ght (Mo) versus nononer conversion of certain

i nventive polyners as described herein. [0047] Figure

f004§ 12 9r aph aRdthéEmbEdialche ﬁﬁé‘ 'nﬁvehﬁbl\i\@?@wﬂé‘ﬁa'pégytﬂénzatmn

intrinsic viscosity, the g valué and the log of
nmsdisou satableetogimlyerize pegt g1 mobumpnemer(pr @p@n@oa pelymes cthe

PO SRSt B SRR e ot Bt TR i LG b3 et

tehpiding DRk Pr Ghork drdﬂﬂo‘i’éd&ﬂddﬁ(é)l TS} b%efb‘@h €he aﬁe‘:‘dr more
for the sanple. [0048] Figure 5is a

graph of the
Lewigtdcs®Hp poireeararapng Feppwsgiedibst fi%muliarM%p ighee M is a group
ﬁg%gziabg)cﬁgﬁwg) %alue and the | og of nolecul ar
VWei geh ] §o ’ i

of an utyl ene/ i soprene copol yner prepared
in methyl chloride at -95C (Exanple WO 2004/ 058835
PCT/ US2003/ 040341 11 150). Solid lines indicate the
PR A ip for the linear standard. Dotted |ines
i ndicate the relationship of the intrinsic viscosity
calculated for the sanple. [0049] Figure 6 is a graph
P004dhe rel Higwndhsp drepwetthethiativogipbetviven digheatiic sprstant
VI&COSIt%ﬁIthe g value and the | og of nol ecul ar

i sobutyl ene/ i soprene copol yner prepared

in CHQFCFS at -95C (Exanple 151). Solid lines
indicate the relationship for the linear standard. |
045¢d | i n&iguredi tapedrawing of diluent mass uptake as a function of

volume fraction of hydrofluorocarbon in methyl chloride.

[0046] Figure 3 is a plot of peak molecular weight (M) versus monomer

conversion of certain inventive polymers as described herein.

[0047] Figure 4 is a graph of the relationship between the log of the
intrinsic viscosity, the g' value and the log of molecular weight for
polyisobutylene prepared at -95°C (Example 149). Solid lines indicate the
relationship for the linear standard. Dotted lines indicate the relationship of the

intrinsic viscosity calculated for the sample.

[0048] Figure 5 is a graph of the relationship between the log of the
intrinsic viscosity, the g' value and the log of molecular weight for an

isobutylene/isoprene copolymer prepared in methyl chloride at -95°C (Example



the relationship of the intrinsic viscosity cal cul ated
for the sanple. DETAILED DESCRI PTI ON [ 0050] Vari ous
wepewiosssss embodi nents, versions and exanpl es oPCThs2003/040341
invention will now be described, including preferred
enbodi nents and definitionsiithat are adopted herein
for purposes of understanding the clai nmed invention.
For determining infringenent, the scope of the
'SG)V epbli® ﬁnes\’\lnklicafeeﬂh@ rrefafo@hip R Tinef0gtendakd.t Mitted lines
(gended clainms, including their equivalents, and
anndiensarths relationship ofahe brns ¢ uiscestts calquiatedifarthe semplsos e
that are recited. [0051] For purposes of this
invention and the clains thereto the term catal yst
0G19¢m 1 ef ®iguré & and dragi viabe aelytibBHS batoved] sthe dOg of the
ot her. netal —conpl ex(es) (descrlbed herein) used t

é@flﬁﬂyz‘éw@%é}@péh%/r%r value e e dag o arglpgular mﬁg an

ésogugfgene@ ne %o{pﬁgl%le\ﬁr%%ﬁéd CF—]}%@?F% gaqn%%%?n )?ag'xﬂfle 151).

[$80&3ined Mdadae: meb@mnmtp fdrhie lifste Btandardp rIDMtddlel$nea indicate
pol ymeri zation medi um sui tabl e to gﬁ)l yIer i one or

ﬁlmerl‘@lamns}m pf the inteinsis Miacasibstalgutat rization
medi um conpri sing one or nore Lemns aC|d(s) one or
nore initiator(s), and a diluent conprising one or

DEEAYEDDESORIPTIONN(s) (HFC s). [0053] In anot her
enbodi nent, the invention provides a polynerization
medi um suitable to pol ynerize one or nore nononer(s)

Qﬁgiﬁr m a PRLYIE! spekife eﬁ@b&ﬁﬁfeﬁtsz 3&‘e‘r§5‘ns"‘%ﬁﬂ UfRamples % the

i sing one or m)re Lewis aci d(s) and a dil uent
ﬁ)ﬁb@tleﬁ 8818 noRCE desaed/ Hub@ik prefred wmbpémmgltmel dgfinitions

re h uor.ocar bon(s the

Toiare hdaued BRGr B35 PRgos ct anbabing pepratel Pty For
fRfMin Midrin 1, MeisBope OF HeP“invehtidR?t aill a6 )&) lafy ®ne or
hal ogen. [005 ] The phrase "suitable to polynerize

moerenef she @appandesd aclplm9y ripeludingethgiregquivaleme” god cdemesfs or
t d t |
Jir o Fal el REE b R rERIR TN TS rT

necessary to obtain the production of a desired
in light of process paranmeters apd coppone
@%’drt i es kosaurpossg of this invention and the claims thereto t e 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).

[0052] 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

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

[0053] 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



herein. There are nunerous pernutations of the
pol yneri zati on process and variations in the
weoaboarossd3zat i on conponents avail abl e to producecrhs2003/040341

desired polymer attributes. In preferred enbodi nents,
such polymers include polyixsobutyl ene honopol yners,
i sobutyl ene-i soprene (butyl rubber) copol yners,
i sobutyl ene and par a- et hyl styrene copol yners, and
Sdrapridih@ 068 o niist Wydfofluoascartioa(sh CHFBY ﬁfhel[eﬁf)ﬁﬁ:] one or more
Di l uent nmeans a diluting or dissalving._a uent
Lewisastdés)ris aefia G;pwﬁ &epressied by Jgemeh @a’il?rt 1S AUp
‘f‘ﬂneﬂﬁ aﬁ&’k\’ﬁr;lthﬁl gy the Lewis Acid, other netal

npl'exes” as Rer & descri bed, initiators, nonomnmers or
other additives. In the practice of the invention,
the diluent does not eneral nature of

H38bnent s The pirgse p%pt;{q]@ fp 31’“6 12gaRoRATRers 1 form ¢ @oﬂfmer"
%ﬁ@&&e&k SeRbtiod é]ﬁp&%@tiﬁ%%ﬂ LYRdiG6hs AR chenB! Well within

wever, it Is recoghi zed that interactions between
theeabilitl wé fosasidlledadhatt gemgary) teobtain|the peréfl@tm’ﬂle a desired
enbodi nen di | uent e react, Wt
PaYE S0 Is‘%]%tt 8’E1PE m@ngwaporm Pf?%ﬂf%??y described
ROR[ECIAREE a?é(hﬁrﬁkroué\%k&lh@ﬁé‘tﬁé ¥f th1PolyeiefzAidtl Ppdcess and
I ncludes mxtures of at least two or nore diluents,
p@m@]nsAnrtéacpoéymcmaany coomoacnieraveiatle treducg the desired

f m cal rlﬁﬁg%gg? Ing gﬁgﬁelrred [e%%%7 me%té" [ ﬁa}{ eﬁﬁgﬁwl‘s fAclude

s ng nnnoneré

oBlify®dn® Chofrﬂc%m}&ﬁ'@s ,dkdBigylene-ROpRNE (lmtylLﬁthbSr) Ewpdlymers

an i nitiator

lurry concentration is # rg%
pebuinegnd; prsa-methyilgyiepe sppelpmsrse el plarfrans ?ff PatYéau er
%85%9§§§%based on the total volunme of the slurry. WO
35 PCT/ US2003/ 040341 13 [0058] As used
her ei n, the new nunberi ng schene for the Peri odi c

Table u are used as.in CHEM CAL. AND E : .
1 63( 5)[P fu@l?t (RY8) 2 %15@%]OTP&F%?ﬁléfin@ire?;geB se&dto B

géc?ﬁcfatll%s&?fﬁ@@% YA cHePRAY MRk Tan achhe E(ﬂ%ﬁ/[ér%tsthe Lewis
rpoly etc. Likew se, a copolymer may refer to a

pafid;nether metab comphgesaas heraint deswobero nuitiaioss, rogsanegtB of yther
@8&@&2 gfppﬁgg?r}% 1cg ol%}{)] 0060111t1<%1h 315] gﬂtPent YO& n(')t Salfef ft}%r ée%%ral

pature 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.

[0056] A reactor is any container(s) in which a chemical reaction occurs.

[0057] Slurry refers to a volume of diluent comprising monomers that
have precipitated from the diluent, monomers, Lewis acid, and initiator. The
slurry concentration is the volume percent of the partially or completely

precipitated polymers based on the total volume of the slurry.



nmononer is present in the polynmer in the polynerized

formof the nonomer or in the derivative formthe
wonmarsss3sLi kewi se, when catal yst conponents aPeET/US2003/040341

descri bed as conprising neutral stable forns of the

conmponents, it is well undeystood by one skilled in

the art, that the ionic formof the conponent is the

formthat reacts with the nononers to produce

pol ymers. [0061] Isoolefin refers to any olefin

nononer having two substitutions on _the same carbon,

[0958)] Ml Aisoised iprepn s Bew sumbpring pwEE e thenkprioges Table
SONBl:G, DO 1l Pridli ShETESINERRRENERIL 63(5127 (1989,

|n s any oner conprirsrng two onj ugat’ed
doubl e bonds. [0063] Elastoner or elastoneric
conposition, as used here%ﬂ refers to an pol ynmer

bsi ti OWOW%OWWBIP%‘J& 49 Sekptt WRPTROR HEMEST NI lg
T e

ébxkrphsmgﬁereasttmvo mqmmfs‘ opmmaﬂiydmﬁwhbmnmgmu@ vr,hr ch

may be derived from an al kane by droppi ng one or nore
hydrogens fromthe formula, such as, for exanple, a

E@f@g] gr ouph&OE3) Yﬁ’i@r 3 rSLhYl 18" RUBorh S mofber, the

Aryl refers 0 a hydrocarbon group at forns a
mongnEt ieesane in tegokmiarin e mlmerazadrfann of therponemer or in

S Sl PR e GRS R, P mpons e

RARLIHIRE CRE cofbfising ARtairhl BiabRI E(}fnﬁ;oﬁﬁ Qﬁé cdhipenaas,eit is well
doubl e bondi ng unsat uration") within its structure

Amdqmppd dyoms skéllednipghe agy @)@bt}@épp\pef@rm 9 the gomponent 1s the
hyd
AoBhTieh GoF B TR ° o o8 PR Bt T 2o

Co6H5. [00661 Substituted refers to at | east one

gdrOQen group by at | east og subst t uent sel ec;
PRl f or éﬁ%ﬂ}%ﬁlfére ﬁfaltcbgrgho R IDAIORET Bylagntwg S hns on

i odi ne), amno, nitro, sulfoxy
(dsl%%?}énaire or al kyl sulfonate), thiol, alkylthiol, and

hydr oxy; aIkyI strai ght or branched chain having lto
2 rbon nc udes net eth oyl ,
t[@p&_ﬂbut yl E@%ﬁ&rs Sq}guqlg;pom%rt@(/mgaﬁ X (g}.l:blé)ﬁor%\é. In a
Fré R80T embodiment, the multiolefin is any monomer comprising two

conjugated double bonds.

[0063] 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.

[0064] Alkyl refers to a paraffinic hydrocarbon group which may be
derived from an alkane by dropping one or more hydrogens from the formula,

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

[0065] Aryl refers to a hydrocarbon group that forms a ring structure

characteristic of aromatic compounds such as, for example, benzene, naphthalene,



or branched chain al koxy having 1 to 20 carbon atons,
and i ncludes, for exanple, nethoxy, ethoxy, propoxy,
WwWO0@rsgs3sy, but oxy, isobutoxy, secondary but oRgT/US2003/040341

tertiary butoxy, pentyloxy, isopentyloxy, hexyl oxy,
heptryl oxy, octyloxy, nonylioxy, and decyl oxy;

hal oal kyl , whi ch nmeans strai ght or branched chain

al kyl having 1 to 20 carbon atons which is

?H&ﬁhth&éﬂee dnihyacehe,| &85 tan@nepidallo $ossesa allernats cdaidés bonding
or exanpl e, choronethyl, br ompnet hy|, fl uor omet hyl ,
(‘@@Whym") vithip s stgery | An 2ry) regpieisHps a group derived from

B RS b DR o P ERRLE N e

ds, fiothexaompid, piitnyl dirlCdlxpret hyl ,  di f | uor onet hyl ,
di i odonet hyl , 2, 2-di chl or oet hyl, 2,2-dibronnnethy|,
2,2- difluoroethyl, 3,3-dichloropropyl,
asefli f1 uo 4 di:C r

gﬁ gor obursq gtR‘t%rélhcr ﬁgsr Jg)rréét 1{%5%% dﬁ@tﬁfﬂ I u%?u at least one
tsubsuhient setiertth!/ front, rﬁof Iexampimehztiygqn (chlorme bromme ﬂuorme or
10c§ e% Fggi(nfglt gg{q(’)gt{} ﬁg} fonaichtalt Iﬁkﬁ gul%glages) ytlhiol alkylthiol, and

?Hfo§§| MRV @frﬁ%lﬁjt or M}%hecf @Fialﬁﬁﬁmﬁ@el t@ 20Sdabisdnl tdin8dwhich

yrenic unit" 1 nclud e@mg met hyl st'yrene,
packudey nstlyyl eetbyl, propyl, [fo06Tyl, lisproonylcaeiorylnetss alkory sstraight

SPHSRLAGEB8 Aol h by ST 0881 3 ghe

M&Jy “elfﬂdk i Iﬁﬁyhywpmkfaoaﬁt@ky,t Qsobﬁ@d}d,c secan@ary yiRoxy,
slurry whic | ess prone fouling
GOy SN epgmtal@gw .us@penryé@sv sh%rlg%arh@pfaleya. Popiexy.

G5 65 MR A 605, bosd s i
hading eidtp20 tcaﬂioﬁ zttompazv}tw}c i£51ﬁJg’gtIudeb)aiat dHa);t omd)haiogen and

particularly, %hls i nve on rel tegpto t

w&v@m {6 1e5Rmp oﬁhlam%%m sonaﬂm PREE ﬁa@g‘% 2-
g)f' HRA83bL R (rlde %ﬂ%@&ﬂ}l i%hl@r&ﬂ}owdrﬁﬁﬁﬁlmyl 3-

or ‘chlorinate ydr ocar bon bl ends to ynerize
Mromm y%hkoz@msdo oft hiorpduipily hdighleraset / dforomomethyl

Sl iR caneo Bioalioba Peatvirrbiiing 22
chﬂﬁd}sahylt h3 3-dieMeRIpk YL, &, RlERokdréRe, u4s¢-d@dmorobuty1 4 4-
hﬁ dr of | uor ocar bon dlluent( ) or diluent blends with

Huasehurtylo richderamethyd i @ﬂlmm@yltsﬂy@wb@mahw@ rafhersomethyl,
D0l Y IRAL GG S SORBRASL, Fa0) PR mBdcihyd! GRE2.58.3-

ef ’’"copol’y
tetrafluoropropyl. Thus, for example, a substituted styrenic unit" includes p-

methylstyrene, p-ethylstyrene, etc.

[0067] In one embodiment, this invention relates to the use of
hydrofluorocarbon(s) or blends of hydrofluorocarbon(s) with hydrocarbon(s)
and/or chlorinated hydrocarbon(s) to produce a polymer slurry which is less prone
to fouling (i.e., also observed more glass like, less sticky particles in the reaction
vessel with reduced adherence to the walls of the vessel or to the stirring impeller
as well as reduced particle to particle agglomeration). More particularly, this

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



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

woamumagdsonal systens. [0068] I n anot her enbodPaemIS2003/040341

t he hydrofl uorocarbons are used in a tubular reactor
to obtain reduced pol yner attunul ati on on the heat
transfer tubes and/or reduce polynmer accunul ati on on
the inpeller and thus obtain longer run Iife. [0069]
ithahpdrbearb@badl/ore ohlorinkred hyydeadathoar bleadb do spaymernize dnd
in a tubu]ar reactqr at higher tenperatures t .
6?%%@1%90159%1[3‘%5 Atithydigney aBd/oE raﬁl%YEﬁyreP%& %Of%s dRogiefin
QYmERaAnd S {}5@5 Phsthe sRRlca P atellicdd38aR fouling.
Egﬁ@g,§%referabf ygﬁggtggitﬁ n 30 H%urs,cnnréa ouing
pusthery thid inventmatrelatasha theae lnb iy droflhenocpbes idBhent(s) phdiluent

her hal ogenat.ed hydrocar bons., | 0070], | n._anot her .
Bl PR P I B ST By SR ERes Jpolymerize
aHd @by ERsAtRa1hAl WiRD IR td PRHABE iWMORTR BERIlythérs with
renmoved” by evaporation of the diluent and nononers

miguificretly wdnesdusactpefdiog and hendedongeangun diifor the reactors, as

itator/i [l f oul i th t hi . [0071
?ﬁ&gﬁsgﬁg§ﬂ§?@¥§%}g%&@#ggd?ggﬂ? ?heeLydrgpgiorgcarbLns

are used in a polynerization process to obtain higher
nol ecul ar weights at the same tenperature than when

#0681 hal oderrapter ehasiaeonke hydroflperpcathony Are |ysedra 2

SUROA LR o Ll HAGEDS bAYbLARL R On AR TSAANRLR: Blbes
ew  polymerization syste using diluents contal ning

n@optdducs polgniepnscuniliasen onlithamnpedlee bfi@ cisvebtyin longer run

di ssol ve the sel ected catal yst system and nononers but

dife WD 2004/ 058835 PCT/ US2003/ 040341 16 relatively

poor solvents for the polymer product. Polynerization

systens using these diluents are less prone to

@069 ng dudn tamotlive cgyidimentatthe mydfofijuotoraehons pae tused eig a

t ach other..and their deppsiting o ol yneri zatio
Facton  highey; eRatTR © PiJHck PUNTTR PrrCh arateadun

It stthSis QeatddeBMm 1§ hoiR8iptefbRblyPabyBRihhg 80 hlrs, preferably

systens for the preparation of hlg)p@rml ecul ar wel ght

podajarghan 3@ hduisopwirs n‘gﬂfgfabb' BeAlply 48 hayrs thap psaible with
tot ae? hglgget:nlgl%)esc’lehy%?cl)c\fu%rrlls.z ation

[0070] In another embodiment the hydrofluorocarbons are used in an
autorefrigerated boiling-pool reactor where heat is removed by evaporation of the
diluent and monomers mixture to reduce reactor wall fouling, and

agitator/impeller fouling among other things.

[0071] 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.

[0072] 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



tenperatures using solely chlorinated hydrocarbon

di luents such as nethyl chloride. [0073] In another
wenhadsssat, this invention relates to the di seovaisy06040341

new pol ynmeri zation systens using fluorinated aliphatic

hydr ocar bons capabl e of di &sol ving the catal yst

system These polynerization systens are al so

beneficial for isoolefin slurry polynerization and

platiedbt pesr sofveatspiot yireepolgmer pyodubat Pblsniedza;tiorpmtmst asing

fouling, while permitti di ssol uti on of nonone
thepo HgRes &Ff‘d?ecsﬁ @TO%FHTE?‘B}“@I ¥ i dhe ﬁ&‘éameraﬁon 'of polymer
xieeltunré Htha! A Qe edt ale]%/oghgnﬁe bR héh28on (it §ware. In

nventi on urt er relates use of these diluents
hdiditiohe tipis eprarenﬂidm rfu:thexh i rg]atesrrm ethal aise wef ghtsepalilpestss in

cO ol ners at her me on t era

& SRRy iEF Py et ler eSSy otymers
g&&q d Niod h

chI or| d Ohé( E:&)tlﬁﬁ‘ﬂgﬁett t(f);mdc))llt Eggﬁein‘g%g [ t&ﬁﬁ? 8%: wgymenzamn

temvEratines mﬂlgtsehﬂ)t whidrinatade paidracitbon  Giuentsosnalr iagi methyl
g@nnﬁglyners and copol yners, especially the
rization reactions required to produce the
i sobutyl ene-i soprene form of butyl rubber and
I sobutyl ene- p-al kyl styrene copol yners.

RO781 cul ar ly anether ¢mbedimicnln this [iafeasiop éela‘ﬁs ﬁ%t‘% disggvery of
I f

Eg‘fvy)p ﬂlgrg%%goﬁ ngsrt%rgg gé}{gqfdoﬁhﬁtg% aﬁ?{?&&%rljg{:&grc’bag%ﬁs%aﬂﬁﬁlé( of

diskolefHgSthe katalyendsteaf. Thys@rpnﬂymeﬁzmmi Isymans aredalso beneficial

chl ori nated hydrocarbon di r]rs
&oq1 1@@9 @fén slurg pekymarizatien & pro q‘t}énpo y{nﬁéslurry that is less
gr i ﬁﬁé Qi @éxﬁﬁ'ﬁngfdlﬁgﬁrﬁeﬁ ﬁ%nonﬁe@v@&ﬁblﬁﬂner and the

or copol yneri z an 1 sononool efin havi ng
f:ommeﬂcmldy 7preﬁr1’ed> nalky]ahnm;inmmd helida- calltaﬂysltst yrIeneddltlon this

nonomner In ccord enbodi nen
Griehn DRI AB Gy e thonr BiNES e RyHarLIen of high
! g&%%ﬁ&%l 5 WSRO0/ s zatidi t t
%@%E%Vg%oﬁlf?o and 99.5 y\%tg % o tﬁg [ soolaelfl nen;plj:cr:?rures
as dogiatady fe pelyaredizitimyersiema ving  lgly aphdormited hydgogarbon
arasal k such as para-nethylstyrene. In
gﬂ&%‘ﬁﬁ%‘f?@eas eﬁ%’%h@fﬁ%r enbodi nent, however, where
gl assy or plastic naterials are being produced as

wel |, the copolynmers are_conprised between about 10 |
J00y4] In yet another embodiment, this invention relates to the preparation

of isoolefinic homopolymers 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.

[0075] In another embodiment, the polymerization systems of the present
invention provide for copolymerizing an isomonoolefin having from 4 to 7 carbon
atoms and para-alkylstyrene monomers. In accordance with a preferred

embodiment of the invention, the system produces copolymers containing



99.5 wt. % of the isoolefin, or isobutylene, and about

0.5 and 90 wt. % of the para-alkylstyrene, such as
woane/e3hyl st yrene. [0076] In a preferred enmbedrmsmio3/040341

this invention relates to a process to produce

pol ymers of cationically pol ynerizabl e nonomer(s)

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

a Lewis acid, and an initiator, in the presence of an

H@weinh alenit 88knd 99 STREYEGLhe is0bleE sakh h9WBkutylene and between

preferably -10C or | ower referably -20C or | ower,
pRRAUE Oabpdd 2@ & of t%\ﬁmara-@ue Bhbires guchzascpam-methormyrpne In

p b C or |

péc:cpg{aggﬁl[ th@%gth%f ellnpéé\@érrenp %?Iéf?{é%a%re By §F p?ag\/% materials
palefben@tpmducﬁﬁ@tsovdl oveecapopimedre brdEdmprised Gelieen | BBEH 10 and
p%fé rap fromOC to the freezin p0|nt of the

o Jf ilsiseelsfinngr sebitlene ankeabeuf Qenendifi wt. % of the
QAR I bS8 gﬁﬂﬁg. | ymers [0077] Mononers
w%ﬁch négybe So?§ § ﬁﬁ% systemincl ude any
hydr ocar bon mononer that is polynerizable using this

tion. efer noner s j.ncl ude, one or nore of
oOOTR "y T B B R rh PR STHL £hiF e ionaFIas, 0 A provess to
l @tt@f l 6N 319 ahB6h i | &
sltisr eni clgﬂ}z;lﬁd/ or subst |I%§23®1¥@3§Ze%?égsﬂgﬁ Qr(% nprising
e‘tqliléﬂcgngaTWea S’@%ﬂt@n ihe mayorbe(séu bdtdvis taeid, (2od ahhlmtraltcng)n the

080578 W, R B S 9508 Wy 10 o

alooes, prﬁlﬁf&bp fo’ €roz bbWerZ piéfergb ey Q‘VC ap [&wcﬁr Efe?ér%ﬂr Y4®C or
to 9 carbon_ atons les of preferred ol efi ns

i ARRY d’ée%’f%b%rﬁé) erl@wm Riaferally e C pakawer, preferably -70°C or

., t
LA B N Ay AP o I g o
Jowet, Iméfefabhu frene(°Q toticydezRgpyibeotthe i HBRA@HAtIon medium,

but nﬂé@ met hyl - 1, 3- but adi ene, 13- pi nene,
déluéntcﬁ ‘Tﬂ?imef HXEFe, hexadi ene,

cyclopentadlene pi peryl ene, nethyl vinyl ether, ethyl

vinyl ether, and isobutyl vinyl ether and the IliKke.

NYagraers ang Palyseerbe conbi nations of two or WD
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Styreni c bl ock copol yners may al so be used a nononers.

Hoe7Rr red VeakmERRMIMTRS HeJiyAS £ARRY) MiBER R include any

styrenics, such as styrene,
hydrocarbon monomer that is polymerlzable 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



par a- met hyl styrene, al pha-nethyl styrene, and C4 to C30

di ol efins, such as isoprene, butadiene, and the |ike.
weoeandsiosgd3ar |y preferred nononer conbinations PaT/US2®3/040341

1) isobutylene and para-nethyl styrene 2) isobutyl ene

and i soprene, as well as howopol yners of isobutyl ene.

[0078] Additionally, preferred nonomers include those

that are cationically polynerizable as described in

Gakd MnenRed. Y IStyreRiat block @bpdlyeikisnmay AnlsdCbetusedla monomers.
Inventoré, Joseph Kennedy, W/l ey Interscience, New
Pesferetobbck qopabimers holedey gepolapetipiopBienigiasughs as styrene,

FAR0) GBI BR e B 5, 1085, ORI i o

I'zIng a cation” or
opRAg Ahitidleis Rhé rthb kau Partictikelynprofened monttnadrn®nanmations
el ectraon donating gr oup. FoL a det7§i Jed di scusgi.on of
nisgb

aetydsnl cisebitzlepe ad maghwethyt SYee| WHICHeERT 250PrdS- 2s
\%e}l%ﬂ{ﬂﬁxtlaé?lggeg611i's&ﬁ}tyleﬂé?vent ory, Joseph Kennedy,

ence, New York 1975. [0079] The nononers
may be present in the polynerization nediumin an

TR, -2 i | Brslr it calilgg hfhose that are
%M&ﬁ%&i&()@}rdeﬁiﬁl@ fsodé%r%édoin%’gtidmyf’ogbk%@@dﬁ ¥EeOWkfi28) A
t 0 O 5 OQ V\ﬂ: %

alternatively 20m % to O.
driteohadnvansdry, ahoderfly dannedyat Hitey Intgrsvicnee, Bigwt Nerk 1975.

odi ment 0080] Preferred pol '
REBTS stte gy ahrogrer i heRDRETEY Bpbafistiifle, ugh s those
SealohRey thEK arpdapsablefof temipdhg ARASON BE brig@gating center because
pol yi sobut yl ene, pol ypar a- net hyl styrene,

tlsd nosepeieprtains py Slgien dongiie Fopha -fife tah‘;,qtgi{eiglr dgssion of
l. yVvi . h | ' .
S TSR B B s e

| Aeinte, Jossphl Kermedy,0Wildy Itasdietop) Nae Yord 1975

al kyl styrene; and 2) isobutylene and isoprene. [0082]
In one enbodi nent butyl polyners are prepared by

r i Ng a THQADRANES Xl Gentl il ehdh Ny HAzA RN Htidh i
16675 (1) " AHE O BERE il bl df dont bl MR L fn an

REDHULS2O0RE0ROBADS Wi% todhflomelitinsunsheralodimeniy eleraatiyel 60
2), a myltjiolefin . or conjygated digng,mponet.

S B el o Bt sl R AP RIo2 o AR s gtog0-s

W% Rvte Bl ey 20511916 0te&Bh, alternatively and from 15 wi% to 1 wt% in

another embodiment.

[0080] 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).

[0081] Preferred polymers also include copolymers of 1) isobutylene and

an alkylstyrene; and 2) isobutylene and isoprene.

[0082] In one embodiment butyl polymers are prepared by reacting a

comonomer mixture, the mixture having at least (1) a C4 to Cs isoolefin monomer



m xture in one enbodinment, 85 to 99.5 wt%in
anot her enbodi nent. |In yet another enbodi nent the

wOog0osgd3n is in the range of 92 to 99.5 wt % PO®/US2003/040341
conj ugat ed di ene conponent in one enbodi nent is

conononer

present in the comononer m¥ure from30 to 0.5 wt%
in one enbodi ment, and from15 to 0.5 wt% in another
enbodi ment. In yet another enbodinent, from8 to 0.5

Vwomp;fnemtwch a&mobllumm with X2 multﬁ)léﬂiﬁbﬂ@cﬁf echtéll §Bfe mbR&mer
al e be one or nore o# | sobut ene,

C%WW Iﬁ%dfoé)i n 1§ IR arHRe tyonp /@ E&n@9.5 wt% by weight of the total
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aky yeit g@@h@h@nbmumamu tha ésookBr diinehditngd 0390 Ub 3 EREY%. The
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bitxyihre R EI0 0D BRI e t
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| RRRLHE Ml B Pribalted digher s 7 1o gt i hsone or

hnwetdfesobbmne,-z RiLeyEN ANt 3 %1 lidpRenee 3Rt .
% O o e SREBIRS pe, ond

%14 nol
n‘gme YY‘%BEB*FHQ Ehﬂmzﬂtl@gﬁrgglas bg adCizto Q5 c@rﬁugat@cs ditBe Fuch as

9. | but yi b. 1C5
qgo per:rc%ne%ﬁ%gb%? T%32d1rlnﬁ‘8§1 ;113 @u? e r¥6h6 el?lg?réef e §n¥r8ene 6,6-
tcbmpthlyyfrévmeahﬂ(aﬂmhe,a@@llqmﬁfaalene elit) @h}iﬁrﬂ@n% n Y)fne em‘taodlment
referre

2T PR P oo b it o8 dBs Eertion s dtsed s aeectag Sonip 99.5
tvabs 8P Ab¥iflehe wiﬁi g, pal WES%B&]%@I)&] @ pe%cjcu%é) %tté 985 w1%

i soprene and divinyl benzene
iisabtilgrieawish SPawtloab Ky st Bomeléqorreffﬁrmbther embodiment. The

following table illustrates how the above-referenced wt % would be expressed as

mol%.
wt % IC4? mol % IC4. | wt% IC5° Mol % IC5
70 73.9 5 ’.4
85 87.3 5 4.2
92 933 8 6.7
95 95.9 15 12.7
99.5 99.6 30 26.1

a. IC4 - isobutylene

b. ICS5 - isoprene

[0083]

comprising any combination of the monomers listed above. Preferred terpolymers

This invention further relates to terpolymers and tetrapolymers




par anmet hyl styrene) and isoprene, polyners conprising

cycl opent adi ene, isobutyl ene, and paraal kyl styrene
woOpowfosssabl y paranet hyl styrene), polyners of PCT/US2003/040341

i sobut yl ene cycl opent adi ene and i soprene, polyners

conpri sing cycl opent adi ene, 20i sobutyl ene, and net hyl

cycl opent adi ene, pol yners conpri sing i sobutyl ene,

par anet hyl st yrene and cycl opent adi ene. Lewi s acid
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et skl oaSp e TRl COppELSEESoneoe
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bi smut h. e skilled in the art wll recagnize that ..
OB e RO BRI G G913 s CHEDRT B8 € glapgitadicne,
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alum'num boron~and titanium w t'h al um num bei ng
pesinetilsyren¢ andseychipentadieranpl es i ncl ude A1C13,

(al kyl') Al C12, (C2H5)2A1CI and (C2H5) 3A12C13, BF3,
SnCl4, TiCl4. In a particularly preferred enbodi nment,
BE}id &imot the chosen Lew s acid. [0085] The G oup 4,
5and 14 Lewis acids have the general fornula MX4;
wherein Mis Goup 4, 5 or 14 netal; and Xis a

en i ndependen lLect th 0

IRATCE, o IERSPHERR KOl e, LOGIR deRF (MoOhBerred fo os the
o6 ahiciamb oy catalyk) hhdytbe afyMByiwialasid gedop sieede hahogGedup 4, 5,
For the urgoses of this invention and _the cl ai .
ReHband pa ehihsriariogient ble abherdampwspeching fayen, ahyminum,
[ n g cy: [ C e 0k

GBAHE Ok, 2 e ARG, B0, [ABAACKRS Blinfony, and
bisnnak.h Dme iski#led in tha aitumill ret sgmiirechatdlemevederactitsiane better suited
tetrachlorid tin tetrachl oride.and é%{con'um

iR theaPRFETS plotheFRwenippy g ponessmbpdimanty t wetgls e qlgyinum,

Bofhh FRANRIMTRIE ABRRuR ety 8&iableNM@&#@0ve examples include
Non-l1mting exanples include titanium brom de

tAICED 1(alky IAICly,i (Gatis Tl bad kCdds)shle@lsoBFde SnGhinddClum In a
N
and 14 Lewi s acids useful in this invention may al so
[0085] The Group 4, 5 and 14 Lewis acids have the general formula MXa;
wherein M is Group 4, 5, or 14 metal; and X is a halogen independently selected
from the group consisting of fluorine, chlorine, bromine, and iodine, preferably
chlorine. X may also be a psuedohalogen. For the purposes of this invention and
the claims thereto pseudohalogen is defined to be an azide, an isocyanate, a
thiocyanate, an isothiocyanate or a cyanide. Non-limiting examples include
titanfum 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 halogen. Non-limiting examples include
titanjum bromide trichloride, titanium dibromide dichloride, vanadium bromide

trichloride, and tin chloride trifluoride.



have the general forrmula MR'X4_" ; wherein Mis Goup

4, 5, or 14 netal; wherein R is a nonoval ent
waypdnmsgasbon radi cal sel ected fromthe group ceqasiustiong40341

of C1 to Cl12 alkyl, aryl, arylalkyl, alkylaryl and

cycl oal kyl radicals; and n 215 an integer fromO to 4;

X is a halogen independently selected fromthe group

consi sting of fluorine, chlorine, brom ne, and

[omgbpe, pr ekaial) ¥ aghliarievds aXidenyetal $© thie ivention may also
ﬁsuedohal ogen. For the purposes of this i nveﬂti on and .
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olfiQYaffte oTRL &hide! alﬂeut@%mt"ﬁgﬂﬂk?l"'ilgﬁrs to a radical containing

dimet Ryl titani umdifluoride, dinethyltin dichloride
bott aliphatiy indsaraiatierstredtais,che caslical beiggat an elkyl nosiomndhe
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Fite Gk R SRS R e g Yol (R 3, 1GieEeic
Ghretired, the radifal bingn@taal aryMb@itedn) Rohilgnifingrerauplee bt these
hydr ocar boxy radical selected fromthe group . . )
Eewis @eidsginstude) bengyltianivmk giighlonids; | dibgnzyiitaniymy dighloride,

S, . OV g y s
B GRS, gReniizfonlh S RuBRiacY HgRRLAALm
Glchlorideky| dinsethyyltitaniuph al Hifluorideky| dimethydtind cyichloab&yl and
rf\di al s_as d_eIl' ned above; nis an integer fromO to
phepydvappstivmytEichiofigger from 0 to 4 such that the sum of
n and mis not nore than 4; X is a hal ogen
i ndependently selected fromthe group consisting of
00851 i ne, &hbar ¥né anbridniensis amivty usefiil e thigrievastianingay also

hl or.i ne. X I , Psuedaghal o .. Far th
Bl e Sensfal Rira e ap B e S ot REER i SPRLS > o 14
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B o SR BB, 0
alﬂygﬁ:?ﬂﬁ%r}dﬁlﬁylp ARgoxyloer ¢yetpdol irvdityls adldefitier above; # is an
"aryl al koxy" refers tq a radical .
integer from 0to 4 and m 1s an integer from 0 to 4 such that the sum of » and m is
not more than 4; X is a halogen independently selected from the group consisting
of fluorine, chlorine, bromine, and iodine, 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



contai ning both aliphatic and aromatic structures, the
radi cal being at an al koxy WO 2004/ 058835

WOCTI#IS&303/ 040341 22 position. The term "al kpCamgkoo3/o40341
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at an aryl acyl oxy
psrefetdbiy chigine] Kminky ra@oebeammsmaiohalogerh eder mlm/\p@rpamsdg“ this

i ncl ude acetoxytjta iumtrichloride, Z0 z rcon um
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"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.

[0089] 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,



[00891 Goup 5 Lewis acids useful in this invention

may al so have the general formula MOX3; wherein Mis
wea 264m3ge3s5 netal ; wherein X is a hal ogen i ndepenasmioByp40341

selected fromthe group consisting of fluorine,

chlorine, brom ne, WO 2004/ 658835 PCT/ US2003/ 040341

23 and iodine, preferably chlorine. A non-limting

exanpl e is vanadi um oxytrichloride. [0090] The G oup
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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.

[0092] Group 13 Lewis acids useful in this invention may also have the
general formula M(RO)sR'1nX3.(m+n), wherein M is a Group 13 metal; wherein RO

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



chloride, ethylal um num sesqui chl oride, nethylal um num
sesqui chl oride, trinethylalum num and

wonrb@tosgdsal umi num [0092] Goup 13 Lew s aci dsPasaimo3/040341
in this invention may al so have the general fornula
M RO fR mX3-(m+n); wherein Mis a Goup 13 netal;
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i nvention may al so have the general formula

M RC=00) nR mX3-(mtn); wherein Mis a Goup 13 netal;

in RGO 113 eewipReMseetul by tiio Gakhacy mayaddichive the
seleCted fromthe group selected. fromthe

esneplsformuladfl(REO=00):E3eX ainkea s¥ietsity M Hra /¢ g&lpgl&lyetal wherein
eﬁé@@b ki¥ la%ﬁ&o%}ém hydrocarbacyl 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 Ciy alkyl, aryl, arylalkyl, 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



al kyl aryl acyl oxy radicals; R is a nonoval ent
hydr ocarbon radi cal selected from the group
woansisgizng of CL to Cl2 al kyl, aryl, aryl al kyPCT/US2003/040341
al kyl aryl and cycl oal kyl radicals as defined above; n
is a nunber fromO to 3 and2amis a nunber fromO to 3
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acyl oxy"” refers to a radical containing both
aliphatic and aromatic structures, the radical bei ng
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sl elatred teram ﬁsB@icgthbgan is aREh&d ite)@eohn fakidey amdsocyanate, a
chl orine, brom ne i odi ne, (gr ef erably chlorine an]d
fhipeyanage, an gisothiockansig off 8 oCei @@ngogéﬁnpl%rmc ude

5&%8 ?)?d%ﬁlo‘?fdet %@n&%ﬁ ArQBri @8 ngt %g?ﬁéa ?bﬁf&ﬂﬁ&?&e@t Phe

seu ogen 1 s e an azi
(Bom/ ah zltems acids Imaycalsm ad)rﬁamanoresﬁmin |ooe yepeav£halogen. Non-

yani de. Non- |, | exanp [ ncI nti no . .
i RAIBIS 48R AL RO GBIF G AL i UATRY wiluoride,
BRAKAL LitBIdrR and BReniS RSB RtdaBibSdéiCi ds may al so
contaln nore than one type of halogen. Non- limting

exanpl es include antinmony chloride pentafluorlde

RERT; Ge' 1 SriitAD drvde RRboeay 8 B P Tl Py ARGRLE e

?g‘féﬁﬁl gdr%gi MR [V \czh Rblefin MY isah SGrodpVES tnhmal g;emml R is a
m@p@algntﬂlydgoca}bon radl?:;lelserl]ecl‘zgdl fc’ror?l t(ge ()glflc?uplc:sonrsqsshgtclg of C; to Ci2
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
alkyl position. The term "alkylaryl" refers to a radical containing both aliphatic
and aromatic structures, the radical being at an aryl position. Non-limiting

examples of these Lewis acids include tetraphenylantimony chloride and

triphenylantimony dichloride.



nonoval ent hydrocarbon radi cal selected fromthe group

consisting of Cl to Cl12 alkyl, aryl, arylalkyl,
wabbosloassss and cycl oal kyl radicals; and n i s aRCTRS2®a040341
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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
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[0097] Group 15 Lewis acids useful in this invention may also have the
general formula M(RC=00).R'nXy.(min); wherein M is a Group 15 metal;
wherein RC=00 is a monovalent hydrocarbacyloxy radical selected from the
group conmsisting of C, to Cso alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals; R' is a monovalent hydrocarbon radical selected from
the group consisting of C; to Cy; alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl
radicals as defined above; # is an integer from 0 to 4 and m is an integer from 0 to
4 and y is 3, 4 or 5 such that the sum of » and m is less than y; X is a halogen
independently selected from the group consisting of fluorine, chlorine, bromine,

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



position. The term"al kylaryl" refers to a radica

containing both aliphatic and aromatic structures,
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Initiator

[00100] Initiators useful in this invention are those initiators which are
capable of being complexed in a suitable diluent with the chosen Lewis acid to
yield a complex which rapidly reacts with the olefin thereby forming a
propagating polymer chain. Illustrative examples include Bronsted acids such as
H,0, HCl, RCOOH (wherein R is an alkyl group), and alkyl halides, such as
(CH3);CCl, CgHsC(CHs3),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



met hyl al um num sesqui chl ori de, di nethyl al um num
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sesqui chl oride being preferred. [0099] Lew s acids
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hydrogen bromide and hydrogen iodide. A particularly preferred hydrogen halide

is hydrogen chloride.

[00104] Preferred carboxylic acids included both aliphatic and aromatic
carboxylic acids. Examples of carboxylic acids useful in this invention include
acetic acid, propanoic acid, butanoic acid; cinnamic acid, benzoic acid, 1-
chloroacetic acid, dichloroacetic acid, trichloroacetic acid, trifluoroacetic acid, p-
chlorobenzoic acid, and p-fluorobenzoic acid. Particularly preferred carboxylic

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

[00105]) Carboxylic acid halides useful in this invention are similar in
structure to carboxylic acids with the substitution of a halide for the OH of the

acid. The halide may be fluoride, chloride, bromide, or iodide, with the chloride



al cohol, a phenol, a tertiary alkyl halide, a tertiary
aral kyl halide, a tertiary alkyl ester, a tertiary
waneldopsssester, a tertiary al kyl ether, a tertPargs2003/040341
aral kyl ether, alkyl halide, aryl halide, alkylaryl
hal i de, or aryl al kyl acid hak¢de. [00103] Preferred
hydrogen halide initiators include hydrogen chloride,
hydr ogen brom de and hydrogen iodide. A particularly
@Eﬁ%%ﬂéﬁde&ypfe@%ﬂoﬂﬂ af i il hdlleb fronoHe rparelmt oarbaeylic acids are
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ahlodide bae Ib@orﬁﬁileﬂ cmﬁamylh&lﬂomha; denzoyhchidride, benzoyl bromide,
di chl oroacetic acid,. trichl ogoggetl c.acid
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M&icﬁ: cﬁl&’ gf ﬁfef’e‘ﬁleﬁralciﬂ PhRES Rl acetyl chloride,

cart Xy acids 1n e trichloroacetic acid,
tacéts1 um)nﬁdﬁ eitrdcldoiodcetyin ch@oﬁdmotro%\an@newla®hh>rlde and p-

[ ] oxylic acid halides useful in this
d%?E%F Sﬁéné?nilar in structure to carboxylic
acids with the substitution of a halide for the OH of
the acid. The halide may be fluoride, chloride,
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KRQWe | N th@hdHek@forad t aruhd;ne Skiﬂdoﬁdnd:tharteb&lfc&né acid,
should be fam liar with these procedyres. Carboxylic

duithloremethpagsulfoniaacid and w«gum@m%wd ‘ncl ude acetyl
chloride, acetyl brom de, cinnanyl chloride, benzoyl

chl oride, benzoyl bromde, trichloroacetyl chloride,
t[oofdgor oac&ﬂi;ohuidom haleles tigeifdllin d’[isimfemj/(bn arbIsomilaten atml@bture
p- f] uarobenzao | ori de.. ticylarly erred aci
Farshles R Goib SeerpFOion ol agabad B P G SEepathtacia,
tfﬂe 1{?41195 ‘ﬂ%éﬁts &liﬁeo %h@ﬁdetwrbﬁlhdéoasr%aﬁreybvnﬁhh@ chideidamding

uor o chloride.” [00106] Sul fonic acids
L;ﬁeffetrbd a?replaratuoatocﬁ tlee suifonfd acid heledesifomn ithecpargiat sybfonic acids

aI| hati c and aromati.c sul foni.c _ac .
v Bimebiae o ond R G 4B SheuL BB it hese
6}ﬁ‘bé’eduk:rs' f IPUFEREE HERES Wdi®@MHald&C usbful in this invention include
tri chl oronmet hanesul foni ¢ acid and p-tol uenesul fonic
avettianesulfonyl chloride, methanesulfonyl bromide, trichloromethanesulfonyl

chloride, trifluoromethanesulfonyl chloride and p-toluenesulfonyl chloride.

[00108] 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-methylphenol; 2,6-
dimethylphenol; p-chlorophenol; p-fluorophenol; 2,3,4,5,6-pentafluorophenol; and
2-hydroxynaphthalene.



[00107] Sulfonic acid halides useful in this invention

are simlar in structure to sulfonic acids with the
weubsHasssssi on of a halide for the OH of the papPemtus2003/040341

acid. The halide may be fluoride, chloride, brom de

or iodide, with the chloride being 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 wth these

rocedures. Preferred sulfonic acid halides useful in,
00189} nvenPreferrddndertiaey  atiet hant suatkpnynitigloro ripglade tertiary

R BRRER rp e ) AR R R Ok o de and”

p- toluenesulfonyl chl oride. [00108] Al cohols useful in
this invention include nethanol, ethanol, propanol,

2- propanol , 2-nethyl progpans2-0l, &®ycl ohexanol, and
ul in\this invention

benzyl al cohol. Phenofs
i ncl ude phenol; 2-nethyl phgnol; 2, 6- dinmethyl phenol;

p- chl or ophenol ;
2,3,4,5, 6- pentafla%lo henol; an(?(

2- hydr oxynapht hal ene. \WD 2(04/ 058835 PCT/ US2003/ 040341
30 [00109] Preferred t rti}%@y al ky) and ar al kyl
initiators include tert\ary™ conpgund8 represented by
the formula below R3 R C-X R2 n wherein Xis a

hal ogen, pseudohal ogen, ether, or ester, or a mxture
twherednfX is prieflegeabipyedohabgge rethepy of estahl gr hhigturdehereof,

\ d de
%%wa?%ﬂyﬁﬂ?gm nesfEehl FaREs RE Ry BrSi Ra A Hideprently
BLE1GIA0) ey Gl ok, Mhoher A, ok Mg, vy
|cnmthinaigar tosid @sbmmlorins and monbprefayatdatl éo 8tdad:mncatom$q uafs the
g B BRRcPr i £a00S 6 PevARe et g o gl ool sreferably
PERRIeh 1UHED, ﬁforéigé%%%lytn% &ChunkiRe ﬁtom%l RSP m@sargalfamylm Say

i nventi on “and claims thereto, arylalkyl
te fsivbatitiuted omassnbsiitetedp Egnﬂlemmmmﬁ@lmvwm@adtam claims

?l?ﬁd?tpa?%r{[)ag atllr}g pgﬁééﬂ;%gh%%} gpcg)%ip%&{l&‘ %ogt)élanf?g 5t aromatlc 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(1-chloro-1-methylethyl)
benzene; 5-tert-butyl-1,3-bis( 1-chloro-1-methylethyl) benzene; 2-acetoxy-2,4,4-
trimethylpentane ; 2-benzoyloxy-2,4,4-trimethylpentane; 2-acetoxy-2-
methylpropane; 2-benzoyloxy-2-methylpropane; 2-acetoxy-2,4,4,6,6-
pentamethylheptane;  2-benzoyl-2,4,4,6,6-pentamethylheptane;  1-acetoxy-1-
methylethylbenzene; 1-aceotxyadamantane; 1-benzoyloxyethylbenzene; 1,4-bis(1-
acetoxy-1-methylethyl) benzene; 5-tert-butyl-1,3-bis( 1-acetoxy-1-methylethyl)
benzene; 2-methoxy-2,4,4-trimethylpentane ; 2-isopropoxy-2,4,4-
trimethylpentane; 2-methoxy-2-methylpropane; 2-benzyloxy-2-methylpropane; 2-



trimet hyl pentane ; 2-brono-2, 4, 4-tri nmet hyl pent ane;

2-chl or o- 2- net hyl propane; 2- brono-2-net hyl propane;
wa-2003088835 2, 4, 4, 6, 6- pent anet hyl hept ane; 2- br onB€T/US2003/040341

2,4,4,6, 6-pent anet hyl hept ane; 1-chl oro- |

- et hyl et hyl benzene; 1- chl ogjoadamant ane;

1-chl or oet hyl benzene; 1, 4-bis(1-chloro-I-nethylethyl)

benzene; 5-tert-butyl-1,3-bis( 1-chloro-I-nethylethyl)

beBthorE2,44,8 e‘ﬁi@{nét’hﬂhcﬁrtaﬂef i met hyl pent a@elsopmpoxy-z 4,4.6,6-
2- benzoglox -tri net hyl pent ane; 2-acet oxy- 2-
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t dlainest thgreepdeadelialdzerds Hefined2ortet dnyl qongane that is an azide, an
2- benzyl oxy- 2- net hyl propane; 2 WD 2004/ 058835
@gé 43@%1}916 an 1sothlocyanate or a cyanide.

nethoxy 2,4, 4 6, 6- pent anet hyl hept ane;
2 |s ropoxy 4,4,6,6- pentanethyl heptane; 1
- Anmemb%nhgi linate ey pdlymetih dujide amerif &g R2 or
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patent 4,946,899, which is herein_incorporated by
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ol efin polynmers 1nclude polyisob u
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backbone of the pol yner. Vhen the ol efin polyner has
mul tiple hal ogen atons at tertiary carbons, either

dONddht ¢ Fagculgrbm preferres ptigtersy msaickbeng, oft these useful in
QE@QH@E)OW&&QH&?E)FBBQ&@E% %of‘%’iyl%ers {8¥Gding: hydrogen chloride,

2-chloro-2,4,4-trimethylpentane, 2-chloro-2-methylpropane, 1-chloro-1-

methgflethylbenzene, and methanol.

[00112] Catalyst system compositions useful in this invention typically
comprise (1) an initiator and (2) a Lewis acid coinitiator or other metal complex
described herein. 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 times the moles of initiator



a conb |Iike structure and/or side chain branching
dependi ng on the nunber and placenent of the hal ogen
watoaws8s3st he ol efin pol yner. Likew se, the usecofusan3/040341
chain end tertiary polyner halide initiator provides a
- method for producing a proguct which nmay contain
bl ock copol yners. [00111] Particularly preferred
initiators may be any of those useful in cationic
E@'séiﬁefd 28biton0 ofimes abelt by eoft ichipieprssennc| bdi angreferred
dro en chloride, 2-chloro-2,4,4-trinmethylp Ptane
2 ﬁqhmegt Qleriﬁttﬁ?qrr}? BiSaRRS at anywiare fom about 0 1 moles per liter to
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coinitiator or other netal conplex described herein.
In a preferred enbodi nent, the Lewis acid coinitiator
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20 tirmes the noles of initiator present. In a
preferred enbodi nent the |n|t|ator is present at
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gaeBEEEorapoditiss S mPHRIN b a redctivei datiah @hd ar wealdlycbordinating
within the scope of this invention. [00113] The anount

smonhorary 8o X i ol S5
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ei ng uced e range w
bmaﬁﬁnnm&hmut 1x10 6 nol es per liter to 3 x 10-2
nol es per liter and nost preferably from10-4 to 10-3
nmol es per liter. [00114] Catalyst systems useful in
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OITDOSI tion conpri si ng of reacti ve cation and a
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Idosd A @nnevdlic fieghahtystsubMlieftBo 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.

[00116] 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



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

ani on which either does not coordinate to the cation
wonrousedssi s weakly coordi nated to the cati on aa@/uUSaI8M40341

the anion is functioning as the stabilizing anion in

this invention the WCA doe33 not transfer an anionic

fragment or substituent to the cation thus creating a

neutral by-product or other neutral conpound.
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Hod known to those of ordinary skill in the art.
For exanple in a preferred enbodinent the WC anion is
i ntroduced into the diluent as a conpound cont ai ni ng
iotakly-Geordiviating Aawiehst he cation in the form of the
active catal yst system |n another preferred
enbodi ment a conposition containing the WC ani on
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anion. I'n addition any netal or netalloid
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atom are preferred.

[00118] In general, WC anions may be represented by the following general

formula:

[(M)MHQ...Qp1d-
wherein:
M is a metal or metalloid;

Q] 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



gold, platinumand the |ike. Suitable netall oids

i nclude, but are not |imted to, boron, phosphorus,
weizbismsss3and the |i ke. Conpounds contai ni ng anPoma’s2003/040341

whi ch conprise coordi nati on conpl exes containing a

single netal or netalloid atomare, of course, well

known and many, particularly such conpounds contai ning

a single boron atomin the anion portion, are

Y Phy RO 801 AR BABE AbY K substitukdditparimdtilicid r@fidalsand any one,
contal nl ng ani ons conpri sing a coor d|.nat| on Conpl ex

barchinmviraithan osé nfQe thQnomay b vhelidedadices erred. [00118]
In general, WC anions may be represented by.the
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di al kyligsm heegengicatat thanak kqual deland aryl oxi de

radi cal s, hydrocarbyl and substituted-hydrocar byl
radi cal s, hal ocarbyl and substituted- hal ocar byl
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than or equal to 1. [00119] It is of course understood

that ?%Bsgggﬁﬁ&p %gﬂ%ﬁ%ifﬁg hed 2 RBAYVARRbRh&W REYCcREYith a Me

count er ance a positively charged conponent

LR th Seavt HEOUSHHBIOWE A heatadgit oystast s Wi th the
cation. The same is true for cations described for

use with the anions. For exanple, Cp2ZrMe2 may be
conmbined wth a ¢ osition co i Sing the anion
T0BRIR)  wiester O Paians CRMENRBE PRI GE bR the
%ﬁ&bﬁﬁ’%e%‘foﬁﬁﬁ@ yst system [00120] Preferred WC

ani ons-conpri si ng boron may be represented by the
[BArj ArpX3X4]”
wherein:
B is a boron in a valence state of 3;

Arq 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.

[00121] In general, Ar{ and Ary may, independently, be any aromatic of

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

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



foll owi ng general fornmula: [BArl Ar2X3X4]- wherein: B

is a boron in a valence state of 3; Arl and Ar2 are
woOherspasssor different aromatic or substitut edParasaio3n40341

hydr ocar bon radi cal s containing fromabout 6 to about

20 carbon atons and may be 33 nked to each other

through a stable bridging group; and X3 and X4 are,

i ndependent |y, hydride radicals, hydrocarbyl and
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9¥2] ent dHoustetive, bt netitimitig) tetples oNBIrbe coBPbsctks Rhich
ar e I aanAr Cor the sane may be a straight or
BrEn e %) Ry 1YY CaPRIGRS | 2%6r SIRIARAE Potgnc spmpeundscsuch as
hateH(plgak DBrohadi cal  oryeghypabkborgpubsti tute cl i
hydr oca?flt?on radical . As ig(rrl)di @gjt ec above, Ar%trggodiok‘r;l%bomn’
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l'imting, exanples of boron conponents which

[00123] 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.

[00124] A particularly preferred WC anion comprising boron may be

represented by the following general formula:

[B(C6F5)3Q1-

wherein;



may be used as WC anions are: tetraval ent boron

conpounds such as tetra(phenyl)boron,
woebwasgsss ol yl ) boron, tetra(o-tolyl)boron, PCT/US2003/040341

tetra(pentafl uorophenyl ) boron,

tetra(o, p-di met hyl phenyl ) bosoon, tetra(mm

di met hyl phenyl ) boron, (p-tri-fluoronethyl phenyl)boron

and the like. [00123] Simlar lists of suitable

CONMPORERiRiIoHAN @INERBoOIEDB, BRd @ sreadsdefifed abowai dustrative
whi ch are useful as WC anions, may be made, but such
butsnet Hmdtingt examplaredt Hese Psdpyed o WCcanphe cauprsing boron

&h) (e:]:;\ghsn%ﬁg/l Jgﬁf }\ilie?e rQegSa% Cg;i%i)feenlg}telgb'(%agb)ges&ﬂta%dmhlﬂﬂ, butyl,

regoin 1 S no e exhaustive
ayulotidRat, odtphefiylugefidre Qoisanpolgmerio hndscadbylef indenite chain
useful conpounds contai ning other netals or netall oids
IroaicFush 25 BRIy Ia IR SIoAts OF ROS PRI RIS he ar ¢
fromthe foregoing general discussion and fornmnul ae.
[00124] A particularly preferred WC ani on conpri sin
M0125] may Pelynieier @ssibseitetty dvhéhef mloktopiefigregeamom|ofier the

e R S S e R R

Pnal_aegtagsﬁ” es@apetdnosts abauR. plebhidsisr alel ¥Ren Qi#tfeiod over
Imting, exanples of these preferred WC ani ons

mnbllbies igwagcebzo Wit lOt rsbbﬁse rogtanse hipey sednt e wfidyted oj 8 desired
' : et hyl , . | .
e R R e R

ipﬁ;zl;egsieg_i te chain Iength such as polystyrene,

pol yi soprene, or poly-paranethylstyrene. [00125]
Pol yneric Q substituents on the nost preferred ani on

t he Y% e : Vi di hj 0 e
P13, changBCa dioga: ataiheshc Ay b oo Qs Dmay be
Seredehddntiat Ydlosvimngéneral forenilaesor s are of ten

preferred over insoluble waxes, oils, or solids

because they cal(G®aBXum&dbl a desired

concentration and can be transferred easily using

& npl e equi prent in commercial processes. [00126] WC

ani ons. cont ai ni fgy@xp),HRh)riKsHbrolgrandat ons may be
wherein:

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

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

a and b are integers > 0,

c is an integer > 1;

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

m is an integer ranging from 5 to about 22;

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

¢ is an integer > 2;



represented by the follow ng general formnulae:

[(CX)a(BX )mX"b]lc- or [[[(CX6)a(BX7)m X8)b]c-]2Tn+]d-
wohewn®mssg3s X, X, X', X6, X7 and X8 are, i ndeperdemiskop3/o40341

hydri de radicals, halide radicals, hydrocarbyl

radi cal s, substituted-hydrogarbyl radicals, hal ocarbyl

radi cal s, substituted-hal ocarbyl radicals, or

hydr ocar byl - or hal ocar byl - substituted

or gangrey a|c|=0£udev‘eadhmﬁﬂeﬁd ifiteger faorhMap abdbut®) net al ,

preferably a group or 10 netal, preferably

n|ckeplméﬁbﬁﬁgmﬂ?npﬁdﬁab%?éﬁd b are |ntegers >0; ¢

i's an '5‘%1‘?91‘?5 7 sch ¢ at"2cb g gngd@n even- number ed
I nt eger omgf to a 8; inis an integer ranging

from @ i$ an aeper >2A2; a and b are the sanme or a
different integer O; c is an integer > 2; W
2004/ 058835 PCT/ US2003/040341 37 a + b + ¢ = an

foRR7 U nbe‘E‘%Qm'p[gs refeFOIMWCRiAR WA ths invBatich @&Mprising a

integer fromo6to out 12; n is an integer such that
2>h1rahty|o£bd1;onaansmchslean i nt eger > 1. [00127] Exanples

f d WC f 1 t

ol ural Ity o1 bHaPort Grwevs e gl HR b iRETRgAS °
b b | f I

[y ax 9 bx] oA Bl &0 Rer 0 or 1

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



ex is either 1 or 2; ax+cx=2; bx is an integer
rangi ng fromabout 10 to 12; or (2) A borane or
woaodmssase or a neutral borane or carborane coRpOWSEN03/040341

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

integer fromO to 3; <cy is anlnteger fromO to 3;
ay+by+cy=4; ny is an integer fromabout 9 to about 18;
or (3nzA vt Labat@ne or netal | acarborane anion
satisfyin thefollovvlng eneral fornul a:
[[[(cmyana?ammqswﬂvgb ]lzmh%p]f @2d lnwherein: az is an
integer fromO to 2; bz is an integer fromO to 2;
cz is either 2 or 3; nz is an integer fromabout 9 to
100128D 200411653836, HﬂCﬂithlﬁﬁEﬁ@! @Aﬁ{pﬂés of 3BC aaporls induded;

and nz and dz are, respectiv and 2
[0012@]arb|oranagtraﬂl% bt no§ C%F%Hwtﬁg, %‘zfﬂé‘iﬂ %S?a%te
| | r boRanRas, s dodegcabark -
3%d8£%P%B§-gC§%%?§$e dodec &%Iorododgcaborgggﬁw?e !
tfipetgikiohbeadidecaboratgr badecaborate, 1-

trimethylsilyl-I-carbadecaborate; Borane and carborane
conpl exes and salts of borane and carborane ani ons

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(111), bis(undecahydrido-7,8-dicarbaundecaborato) cobaltate(III),
bis(undecahydrido-7,8-dicarbaunaborato)  nickelate(IIl),  bis(nonahydrido-7,8-
dimethyl-7,8-dicarbaundecaborato)ferrate(IlI), bis(tribromooctahydrido-7,8-
dicarbaundecaborato)cobaltate(III), bis(undecahydridodicarbadodecaborato)
cobaltate(IIT) and bis(undecahydrido-7-carbaundecaborato) cobaltate(11I).

[00129] The WC anion compositions most preferred for forming the
catalyst system used in this process are those containing a trisperfluorophenyl
boron, tetrapentafluorphenyl boron anion and / or two or more
trispentafluorophenyl boron anion groups covalently bond to a central atomic

molecular or polymeric complex or particle.

Cationic component

{00130} In various preferred embodiments of this invention the WC anion is
combined with one or more cations that are selected from different classes of

cations and cation sources.



such as decaborane(14), 7, 8-dicarbadecaborane(13),
2, 7- di car baundecaborane(13),

wanoegasssdr i do- 7, 8- di net hyl - 7, 8- di car baundecabecamus2003/040341
6- car badecaborate(12), 7-carbaundecabor at e,
7, 8- di car baudecabor at e; and3dvet al | abor ane ani ons such
as bi s(nonahydri do-1, 3-
di car banonabor at o) cobal tate(l11),
bi s(undecahydri do- 7, 8- di car baundecabor at 0)
ferrate(lll),
Hl0d3Lhdecaliyaeprderredelaseniaundecabor at o)
cobal e( : s svati
b1 o uiaboa Ry vyl frnsiton, mmptal complercs and  derivatives
ni ckel at e( tHekgof. bi s(nonahydri do-7, 8-
di met hyl - 7, 8- di car baundecabor at o) ferrat.e
bi s(t KPbr oﬁﬁB'a%“é‘Hﬁg F?rg’BQa%{O@-WﬁOSC cofpoditio
di car baund .ato) cobal tate(l11),
bi s(undecahydri dodi car badodecaborato) cobaltate(lll)
and bi s(undecahydri do- 7- car baundecabor at 0)
cobaltate(ll1). [00129] The, WC ani on conpositions nost
preferred for formng the ¢atalyst systemused in
this process are those @tHARNg a
trisperfluorophenyl boron,+tetrapentafluorphenyl
boron anion and / or two or nore
fpfhlefeie mlgfmzuﬁfdokp eny hythogen Akylparylyr aulixsl govps entdesivatives
bond to a central atomic nolecular or polyneric
dongifepreferabpp €t ita 0g ) alydli apyll, eratiylrgoupnvr G02E0§s thereof;
various preferred enbodi nents of this invention the WC
ani on(Cy  suhstituiedisilyilium; preferablyribess represanies! pihike fognaula:
sel ected fromdifferent classes of cations and cation
sources. WD 2004/ 058835 PCT/ US2003/ 040341 39 [001311
Some preferred classes are:R{A) cycl opentadi enyl
transition nmetal conplexes dnd derivatives thereof.
(B) a substituted car bo&at i'on Mhose conposition is
represented by the fornmula: RIL C3 R-CR

IisI {re)presented by the

wherein Ry, Rp and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably C1 to C3¢ alkyl, aryl, aralkyl groups or derivatives thereof;

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

represented by the formula:

1
Ry TR¥ Ry
wherein Ry, Ry and Rz 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.



wherein R1, R2 and R3 are hydrogen, al kyl, aryl,

aral kyl groups or derivatives thereof, preferably Cl
woaoi@BBssab kyl , aryl, aral kyl groups or derivat PCEAIS2003/040341

thereof; (C substituted silylium preferably those

represented by the fornmula: 4Rl R2 Si-R3 wherein R1,

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

derivatives thereof, preferably Cl to C30 alkyl,

aAyIc%cﬁfgghmengme@pn%vgﬁeé vatives thereof; (D)
rating a proton; and (E)

cationic corrp05| tions of germanium tin or |ead, sone

S o e ST bl R s e
afralskidn ﬁe@mapared@fﬂoylai ibigSor HCEFDbpenkd é’?[ ABiVatled of a

to C30 al kyl, aryl, aral ky m%roups or derivafives
t glepp &t S @rﬁjtrarmlqnsm@éll repiesblypiy mm@@@ﬁ@a@s@ (Mono-Cp)

E)eqrrll%/fgt gé %%%&] ﬁ%ﬁ ecf P, Qédlpc% %adl (H'\é Igﬁ’v@ compositions,

t peaticuladlp B zirednihm dthhiviat cbr\&gﬁnumcdouq;@snfbﬁ@n& tion

netals that are a nono-, bis- or tris-
cyclopentadlenyl derlvatlve of a group 4, 5 or 6

t ion ' I

(St " Btted Bl SRR Ao R RSB Sf may be
tafmlsnéd @nth@@klyemnhﬁattngo asions ¢ tremrededtddy ba the following
P$fcog$un] titani um or hafni um conpositions. [00133]

ed cycl opent adi enyl derivatives (cation

sources) that ma nbi ned with
weakl y- coor di nat %@M‘gns are represented by the
followng for w%ﬁ%p)l\(/lé;@p) MX 1+; (A-Cp) M+; Cp*



Y- M+ CpR WD 2004/ 058835 PCT/ US2003/ 040341 41 5-y-Xx
X)) 5Hs (A)y M zxy (z-1-y) ; and ( 5 H5 -y-x
wexoM4/05883R' X Y wherein: (A-Cp) is either (CppCTmS2000040341
Cp-A -Cp*; Cp and Cp* are the sane or different
cycl opent adi enyl rings subsgituted wth fromzero to
five substituent groups S, each substituent group S
bei ng, independently, a radical group which is a
hydr ocar byl , substi tut ed- Bydrocar byl , hal ocar byl
subst i t ut ed- hal ocat byr¥ *hydr ocar byl - subst i t ut ed
or ganonet al | oi d,_~"hal ocar byk¢substi t ut ed
organoneta“%gi di substi tutedyporon, disubstituted
pni ct ogen, suB tituted chal cggen hal ogen radi cal s,
or Cp and Cp* ar cyclopeprégienyl i ngs in which any
two adjacent S grgups are joined forn%&g a ¢ to C0
ring to give a sat ur&@edr unsaturate padscyclic
cycl opentadienyl ligand; R is a substituent on one of
t he cycl opent adi enyl radicals which is also bonded to
the netal atom A ig)a bridging group, which group
may serve to°restrict rotation of the Cop and Cp*
rings or (C5H5-y-xSx nd JR (z-1-y) groups; Mis a
group 4, 5, or 6 transi H@ﬂ net al

N,

Y

wherein:

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

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

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

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

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

yisOorl;

(C5H5_y_XSX) is a cyclopentadienyl ring substituted with from zero to five
S radicals;

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



y is 0 or 1; (C5H5-y-xSx) is a cyclopentadienyl ring

substituted with fromzero to five Sradicals; x is
wobnrawods#3® 5 denoting the degree of substituti 8aT/USED03/040341

2004/ 058835 PCT/ US2003/040341 42 JR (z_ 1-y) is a

heteroatom ligand in which J4is a group 15 el enent

with a coordination nunber of three or a group 16

element with a coordination nunmber of 2, preferably

ni t r ogBYi¢z- php Sphbeteatonx Yigatd @rwhidh TUs a goup $5 8lement with a

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

atesrdipgfigsenitabariof threhyod i gteup A6 icbmhent wjithr ® casritlation number

' i tuted d byl i cal, hal byl
(S Bibrerab R BBy DR b P and
hydr ocR' i3y hyd%@rmlhggﬁ[ gﬁékér%ly%iahﬁi glg)rl]l%),c t ogen

organonetal l.oid rad substitute

radi caX, 2t Xuisae i indensadentlyl e olyahideattidial,s hydmcarhyli sadical,
an.olefin, diolefin or aryne |igand, or a neutral
Lsé]\lz?n“ét“{?ﬁg’é( drqce@ygfﬂdlqﬁ&d}aﬂqcaﬂml radjedl opeatitatdemidcarbyl radical,
CANBMIRSERr By hndRY 0 BEHIAS ' ' i tion.are ,
descri bedr_i}%au. S. Pat 2%?5% gggtﬂteg%g%r}%g%eﬁ[bg?ﬁ Cal., gibstituted
Prigegenadiaald or S1b88thIdGRalcofinciadi@ER; amicor por at ed by
reference h(ﬁét?i 21 1B Substifuted Carbocations [00135]
Anot her SpPetei SiPlein, payRg iigandeoranubial Lewisese.i t ut ed
carbocations. Preferred exanples include substances

that are represented by the formula: RL P. 2 CGR3
Qi3 n R, Additiensd cRalopemadiengé mempentdsythhy drag denusedrin ahis

Li q ; . ; ti
Jhron ot BREHEK) B U AR BSOS b i 100 P ispihgedoe sma
g, @686 7phichdee inobdoraed vy RkGemde HReinR2 or R3 may be
hydrogen. In a preferred enbodi nent none of R, R2 or

R3 are H Preferred aromatics include phenyl, toluyl,
! stk Es nd the like. Preferred aliphatics
et ude et nyilél,)cazlt%ﬂ?l . propyl, butyl, pentyl, hexyl,

octyl, nonyl, decyl, dodecyl, 3-nethylpentyl, 3,5, 5-
[00135] 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 Cj to Cp( 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 Ri, Ry
and R3 are phenyl groups, the addition of an aliphatic or aromatic alcohol

significantly enhances the polymerization of isobutylene.



trinmethyl hexyl and the like. In a particularly

preferred enbodi nent, when RL, R2 and R3 are phenyl
waroupssssshe addition of an aliphatic or ar omaPCT/US2003/040341

al cohol significantly enhances the polynerization of

I sobutyl ene. WD 2004/ 0588354PCT/ US2003/ 040341 43 C.

Substituted Silylium Cati ons [00136] | n another

preferred enbodi nent, substituted silylium

conpositions, preferably trisubstituted silylium

cogosi_ti ons are conbined with WCA's to polynerize
tyted 1 1088 | yl i um cations are those
represented by the formula: RI | R2-Si-R3 wherein

R1, R2 and R3, are independently hydrogen, or a
[00186) , br Anchedtler cpwfired arcormdiments aslubrihaﬂedc silylium

b Ssyions, Breligany BruBrkel T eSHroRortrse SRaRsd Vith
‘W@AH t%gé Kh&k20 onoRbrsRPraRete R3ily1Afe catidid %P@ﬂx@@éﬁelpyes eited

O"aromatic or aliphatic group. Mre
bydfeeﬁoabuly. Rl, R2 and R3 are independently a Cl to
C8 al kyl group. Exanples of useful aromatic groups
may be selected fromthe group consisting of phenyl,
tolyl, xylyl and biphenyR., Non-limting exanples of
useful aliphatic groups y1 be selected from the

group consi sting of thys et , propyl, butyl,
pentyl, hexyl, octylI\)ion ll""géc}/ , dodecyl

3- et hyI pentyl and 3,5, 5-trinet hyl hexyl . A

partl cularly preferred group of reactive substituted

si I m.cat | rra be sel 0 ¢

S RS A RaP RSO PR DRl Rt
Wic@ﬂr%&ahwcﬁ gﬂo)dbl with thedSb3i8h thearondy dmescmgummr R3 may
stable fornms of the substituted silylium

by dyeoger. Riforady, nopeeotRiaR2 @gdtRenare &l W?%%Abo%l R; and Rs

e L

@atandR;Care iﬂd&pergienﬁy Ri@no mchllksd@om fixasiptdsmfsisefintl aromatic
see _Dictionar

synt hfnil%bz tehdeq[fg FFén . %dthﬁlagrPuW F;}g 9_ gﬂ ny? n%tlyal Xygll 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.

[00137] For a discussion of stable forms of the substituted silylium and
synthesis thereof, see F.A. Cotton, G. Wilkinson, Advanced Inorganic Chemistry,
John Wiley and Sons, New York 1980. Likewise for stable forms of the cationic
tin, germanium and lead compositions and synthesis thereof, see Dictionary of

Organometallic compounds, Chapman and Hall New York 1984.



WD 2004/ 058835 PCT/ US2003/ 040341 44 D. Conposition

Capabl e of Generating a Proton [00138] A fourth source
woaoo4tosgs3sat i on i s any conpound that will prodBC®U82003/040341

prot on when conbi ned with the weakly-coordinating

anion or a conposition contgining a

weakl y- coordi nati ng ani on. Protons nay be generated

fromthe reaction of a stable carbocation salt which

cgni-aj - inat | n- nucl eophilic

aﬁi E;ﬁ)h%%tsﬁovvat E%Meg?% ffid”%é.ggﬂﬂgl present to produce

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

S A O RS S0 SR
LBt GMREn tcﬁgﬁ)ilﬁeﬂewﬁﬁeﬁet \k/@dklof-t:o&raﬁlaﬁﬁ‘é RARL bPR 8&hposition

i's faster w e protonated additive as conpared
weanteining & eaeklyewomlindiinghanionh.ef Pmtontthay ber ganerated from the

gener at i reactants.include.thiols car poxyl i .
OERECH ot R Sertsticy S Richislebns  SBaRR R opifinaring, non-
r SafldopBiicintdh With Wated MlcdhbPEr Sidhal prédent td Fﬁﬁ’oéuce the proton and
particularly preferred enbodinent, when , R2 and R3

athe coptespryidingr bypsoduch o ethdtliin ithan cade ah amlalgsthal o rbenol and

ar.onati.c..al coh L gniuf i.cant | nhan

ORORLT 0B RS oy b0t RBkidh it PSS e suem gyt e
t Rageiesfahe cabpéioa kak e Pkies @8thaBeBiAbdmgeRadilitwutPas congfared
group 2 netal, preferably lithium wth water, such as
byithdtsagacgipn withghouelefingi &bérrwr,otangepﬁ@tlpg éxsinges igeluge thiols,
Lew . 4 hat nQet.__j i . . e
oS PE3Si R 408! SRR R P be st with sy
obypercutalystshain aparticalatle wirfetred embodineht, aghen Fol Ry hrehRy are
is present with the group 1 or 2 netal and the water,
aplpmyt @roupss thge additivedf 4m alipimtisf er reunasieh aldphelnsignifigantly

weakl y- coordi nat.ing ani.on js also present in the
" Gé?nxﬁicfﬁ%% Ymgﬂ%‘ﬁgpﬁzfm@g{y & catalyst is generated
when the group 1 or 2 nmetal is added. ACTIVE CATALYST

SYSTEM A. Cycl opent adi enyl Transition Metal Conpounds
[ (9139 TheAwmpther mathodite genpsata @ REGon SABIPIIEYS TAMbIRIAS aggoup

C i | nt i v-a.cat ak ' .
TR T R bl Lo hlor i o
2010465 88 3the Ppricstifs2008/ Q4034ils base that does not interfere with

polymerization, such as an olefin. It has been observed that when a Lewis base,

such as isobutylene, is present with the group 1 or 2 metal and the water, a proton
is generated. In a preferred embodiment the weakly-coordinating anion is also
present in the "wet" diluent such that active catalyst is generated when the group 1

or 2 metal is added.

ACTIVE CATALYST SYSTEM

A. Cyclopentadienyl Transition Metal Compounds

[00140] The Cp transition metal cations (CpTm™) can be combined into an

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



45 conprising the CoTm+ with a second conpound

conprising the WCA- which then react to form
woyeqrosgiist and the active "weakl y-coordi nat i ngCTUaR003/040341

Li kewi se, the CpTm+ conpound may al so be directly

conmbined with the WCA- to fé¥mthe active catal yst

system Typically the WCA is conbined with the

cation/cation source in ratios of I to 1, however

Hﬁngf‘t «%Q?TM} With @ {Bbnll Q:on%ﬁ?g}xd ab rl‘é\l‘ﬁg kihé 'Wthe which

pratlc hi's invention. |ve cationic
tlamalrgest stoc ornb eyppregedte dmbyt e ea@twen Qwaaltly-&ﬂ@ndma@ng pair.
net al conmpound with sone neutral Lewi s acj.ds such as

Bél@&“@ e Cohind reommonnd maxcalse he direstlyacapkined yothihe WCA-

AR bRl Lot SRRl RpIBS s R oA i e

%3&6 &tﬁn {Dg{'ﬁ 4}% 2Fod Bt @lto 18 %We@ér 2epebated by s m+ to

reac I on. A novel aspect of this invention is
tWéAaaIsb\v&)rkaﬂkhecp&tchomoﬁthmnaémmm conpl ex which is
formed and which can be represented by the fornul ae:
(AACP)M-(--CH2--CRXR--)g -CH2- - C&+WCA X

@\]Qii M - ( Ac@d@ caﬁgﬁc c)a&lys@'@m b&BophRd byl—re@Et’ing a transition

2084/ e@maﬁd mﬁrh/sosmatrammm acnﬂs sx(c@@ﬁ@(%l%)s& whighyypon
M ( CH2- C&2 - CQ2 JR (Z-1-y) Xy and
(reken itk agmdrolyzable hgand (X) of the transition metal compound forms an

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

species generated by the reaction.

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

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

(A—Cp)l\l/I——(--CHz--CGZ--)g--CHz--CG;WCA'
Xy

(A-Cp)l\lfl-—(--CHZ--CGz--)g—-CHZ-—CG2+WCA"
L

v
Y—I\I/I--(—-CHZ--CGz--)g--CH2--CG2+NCA'
CpR



M(CH2-C&X-)g -CH2-C& NCA- R' Xy wherein each Gis

i ndependent|ly hydrogen or an aromatic or aliphatic
wgnronpsss3preferably a G to C100 aliphatic groroT/Usnm3g40341

Is an integer representing the nunber of nononer

units incorporated into the4g§row ng pol yner chain, g

is preferably a nunber greater than or equal to 1,

preferably a nunber from1 to about 150,000. WCA- is

any weakl y-coordi nati ng ani on as descri bed above. Al

ot her synbols are as defined above. [001431 In anot her

enbodi nment thlq(]mydy§§Q al so provides active

cat al yst conp si'ti‘ons ich can be represented by the

formul ae: (A WCA- +MN(--CH2--CRXR2--)g--CH2- - C&x

XI (A— % 2004/ 058835 P SZO-%%/%%@GZ_L% '%-CG;NCA'

+M --CH2-- (C5H5-y- X SX)

NNCK_ (A)y - CH2- JR (Z-1-y) Xy Xy

and (C5H5-y

Xy
; and
(CSHS-y-x Sx)
/M ———\((:}{2-(:(}2-)g -CH,-CG, NCA”
Rll
X}’

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

other symbols are as defined above.

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

compositions which can be represented by the formulae:

(A-Cp)
l
WCA- +M--(—-CH2--CG2--)g—-CHQ--Cle :

X1

(A-Cp)



(CH2-CXR-)g -CH2-C&X R' Xy wherein each Gis
i ndependently a aliphatic or aromatic group,

wonefimsstsy a C| to C 100 aliphatic or aromaPCT/US2003/040341
group, and g is a n integer representing the nunber of
nmononer units incorporated ifito the grow ng pol yner
chain, g is preferably a nunber greater than or equa
to 1, preferably a nunber from1 to about 50,000. WO
2004/ 058835 |PCT/ US2003/ 040341 48 WCA- is any
weakl y- rdinating anion as _described above. Al
ot her ol M--(z( &1L Cpspgnbdloatidiz > B. Substituted
Car bocation and Silylium Conpounds [00144] Generati on
of trisubstituted carbocations %?d silyliumcations
may be perforned before use in'the polynerization or
in situ. Pre-formation and 1isolation of the cation or
the stable cation@Gpfts may be acconplished by
reacting the a|kﬁ!l or alkaline earth netal salt of

- the weakl y- copCdi najL g(g%_ LIy - espondi ng
hal ogen of the potg%{?al C 9%0 aé%dﬁng? ggﬁélium
simlarly to net known in the art. Fprmation of
the substituted carbocations or silyliumyin situ
occurs in a simlar manner to stable salts, but within
the vessel and at the desired tenperature of -
pol ynmeri zation. The advantage of the latter procedure
is that it is capable of producing carbocations or
silyliumcati or(@sgifh@kvsxée too wunstable to be handl ed
by the first thod. The>gat Ngnor the precursor to
the cation s typically used Ln l1tolratios with

the WCA, (ADwever ratios of 1Nop—166 (((Q{Z@G?ly -0H,-CG,
WCA) al so rk in the pract¥ce wf this inven i"8n.
[00145] A nowel aspect of /this inwention is the activ

car bocationi c tal yst Conpl ex whih is forned and
whi ch can be represented by the for

CH2- OR2) g- CH2- CE2IR\NgAZ) R2 X, Xy
;and
(CSHS-y-x Sx)
NCA”
/M+— (CHy-CGy-)y -CHy-CG,
R" X

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

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

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



wherein each Gis independently hydrogen or a

hydrocarbyl group, preferably a O to Cl00 aliphatic
wgnoupsssand g is a n integer representing the ROMS2008/040341

nmonomer units incorporated into the grow ng pol yner

chain, g is preferably a nugber greater than or equa

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

2004/ 058835 PCT/ US2003/ 040341 49 WCA- is any

kl y-coordinatin Ve,

SRS K foera i BRhg Al S SREIRAREBT G Qs symbols
aRolshiefindiaRlveaspect of this invention is the active
carbocationic catal yst conplex which is forned and
whi ch can be represented by the fornulae: RL R2 S

7 . . ghgad each Gis

=01 c or aromatic
gr oup, pr efer abI y a C I to ClOO al i phatic gr oup, and
IS aninteger re res ntin nunber

Tl neolisoeatien of we ﬁtﬁ@tearcaaaori@tw&srayﬂesr Vi Galiogs may
[ r U@ke-
58 Bl BRloke Bl AR B o0 e s
asofativmald] tie caramdomthe .sta@lamrlon salts way be japeamplished by Apacting

7 B L S S
azggig?pogﬁ%ﬁ g b4 el if HSELi the Cﬁd’f@ﬂtfh@tdaﬂfbcmlérh drh il Ssimilarly to

Preferred conpositions _include
trheiBalsvitrionin iarthe pepivsmaterobihersubstitaieshgpebocations ogpilpium

R 3. WD 2004/
BB Sy GegyEs ﬁ} g %ﬁ% 2 éag#ep az%g/lﬁ{ LR34 o afrﬁlﬁﬂ%r‘%%&l Bhd at the

aryl’, groups or
dREfra@iehipBfature of polymerization. The advantage of the latter procedure is

that it is capable of producing carbocations or silylium cations otherwise too

unstable to be handled by the first method. The cation or the precursor to the
cation is typically used in 1 to 1 ratios with the WCA, however ratios of 1 to 100

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

[00145] 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 l| ~(CH,~CGy)g~CH,=CG, NCA’
Ry

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

Cy to Cyqp aliphatic group, and g is a n integer representing the number of

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

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



t hereof, preferably Cl to C30 al kyl, aryl, aralkyl

groups or derivatives thereof, and R* is Ge, Sn or
wehoo4loassas pr ef erred enbodi ment the R groups ar eCUS1008/040341

Cl10 alkyl, preferably nmethyl, ethyl, propyl, or

butyl . Hydrofluorocarbons [40148] Hydrofl uorocarbons

are preferably used as diluents in the present

i nvention, alone or in conbination with other

0 kNG i ot her

R 9 AR Bl TR AR BhOUE, Ghlligter symbols

cdrabsrdefitedabet«®, hydrof | uorocarbons ("HFC s" or "HFC')

are defined to be saturated or unsaturated conpounds
consi sting essentially of hydrogen, carbon and

floveddine.  PLOHRM: Aol AhadeBASYr MR GAVARB B 1E%ktive

one hydrogen and at |east orie fluorine are presen

[ @DHotatiorin catelysta¢ams e ediicheis tfsrmddnenddivhivk kbn de ngresatd by

g¥droflyotocarbons represented by the fornul a:

DS Rt er ein x is an i nteger from1 to 40,
alternatively from1l to 30, alternatively from1l to

20, alternatively from1l to 10, alternatively from1

to 6, alternatively from®ito 20 alternatively from3

to 10, alternatively from3 to 6, nost preferably

froml to 3, whereiny and z are integers and at

| east one. [00150] Illustrative exanpl es include, i

f1 uor onet hane; diftdGor onethane; (€Hp-(1Gug SrBt #&e; NCA

fl uoroet hane; 1, 1-difluorqethane; 1,2-difl uoroethane;

1,1,1- trifluoroethane; 1]1,2-trif|uoroethane; 1, 1,

1, 2-tetrafl uoroethane; 1,1,2,2- tetrafl uoroethane;

1,1,1, 2, 2-pentafl uoroet harmgg; 1-fl uoropropane;

2-fluoropropane; 1, 1 -difluoropropane;

=gk f r ; el r e 2, 2- .

O oy R P AR Enqchuy Hchoddl SRS RHic o awomatic grov,
Iprdfeably afCutor 6o pdipkatic giouf; atd igf i LOR dpteg@arresenting the
1,2,2-trifluoropropane; 1,2,3-trifluoropropane;
mumber pf menquadr| wbisoimcorparated into Ithe jgr@wing polymer chain, g is

el Al HHLAREPRRAR ot of efid 361 pretBLBR! QBMbier from 1 0

Labdut3t 59;dot "Rl icoprdinating ani i :
PRt AR, P BB SSANE consaias pisggsslescrived sbove. Al
F@Tor SBRD0I3 B3B3k tined dbdve. 1, 1, 2, 2- pent af | uor opr opane;
1,1,1, 2, 3-pentaf |l uor opropane; 1,1,1, 3, 3-

Ge, Sb, Pb

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

include those which are represented by the formula:

i
R;—R* —R
+

2 3



pent af | uor opr opane; 1,1, 2, 2, 3- pent af | uor opr opane;
1,1, 2,3, 3-pentafl uoropropane; 1, 1, 1,2,2,3
wohewab$s3sr opr opane; 1,1, 1, 2, 3, 3- hexaf | uor opr opamas2003/040341
1,1,1,3,3,3- hexafl uoropropane;
1,1,1,2,2,3, 3-hept af | uoropr 8pane; 1,1,1, 2, 3, 3, 3-
hept af | uor opr opane; 1-fl uorobutane; 2-fl uorobutane; 1,
1 -difluorobutane; 1,2- difluorobutane;
Whareti RhU@L0kidt Rfjare Aydkogérd, lalion olyl, aamaikyl groups or derivatives
2, 2- dlfluorobutane 2, 3- difl uorobutane;
fheisof firefekdblp o b Cap efkyl atyl2aralkiyt broopsbidesivatives thereof, and
1,1, 3-trifluorobutane; 1,1,4-trifl uorobutane;
R* s e, 1Snf onidly. ot aan@ferqedzergquamﬁnmbﬁ dbaroape areja £13to C1o
trifluorobutane; 2,2,3-trjfl ?butane 1, 1,
alkyL, peaferably BBk etk Propyk of §t t et raf | uor obut ane:
1,1,1,4-tetrafl uorobutane; 1,1, 2, 2-tetrafl uorobut ane;
1,1,2,3- tetrafluorobutane; 1,1, 2,4-tetrafl uorobutane;
Hydiradludrdcatbom | uor obut ane; 1,1, 3, 4- tetrafl uorobutane;
1,1,4,4-tetrafl uorobutane; 1, 2,2, 3-tetrafl uorobutane;
1,2,2,4- tetrafluorobutane; 1, 2,3, 3-tetrafl uorobutane;
10021’4§] 4-t eyt MR QR AE Gre gre%argbl;} usE@taE @flhé&ﬁf, ab tHeapresent
1,2, 2-pent af | uor obut ane; 1,
ipentio,| labmcbot ame COHlbIIIBtIQHZMﬂlp @ﬂﬂmf hm@noﬂmnoa@fbons or in
oro ut

5@9}?16{1@?%9% 1h«_an ol o urﬁb%ag c{fsqa S i loPand thi claims

Ihetetd; ﬁyd@ﬁﬁé@ﬁérb&{so@mw or "HFC") are deﬁned to be saturated or
1,1, 2, 2, 4-pent af | uorobutane; 1, 1,

upsqﬁurafqdmmmm gonsisting 'gsspnz;a ljp oh thé{fhloﬂé‘?:d@mcﬁh@d fluorine,
fr%vlgégfhgt Qteln%s?f }1% gérggﬁ'taﬁrlgast one hydrogen and at least one fluorine
hre2prdscht.4- pent af | uor obut ane;
1, 1 1, 2, 2, 3-hexaf | uorobutane; 1,1,1, 2,2, 4-
hexaf | uor obut ane; 1,1,1, 2, 3, 3- hexafluorobutane

147 2, 3, | 1) 8he diluent ises hydrofluorocarbons
12 RGAB EGBAANe atun o
Ieﬂre'&nﬂ:dl%bﬂ -theXfafrhuler 6kt BEN ewhem,lr_i_ Xl i an, integer from 1 to 40,
h xaflu robut

fﬁgrngu bUt i de ;P'Bo?lmﬂtlé’ﬁlé" %om Iljet‘c))( 35 AR SRE ynlgr(’)m T to 10,

]altlrn%tl@e@ fﬁiﬂ? xRl b Udtepiivalefrom 2 to 20 alternatively from 3 to 10,
1, 4- hexaf l'uor obut ane; 1,1, 2, 3, 3, 4-

hl&malfatlmiy d:‘mm A6, most peeferablysfraraidp Buwhelsin waed z are integers
3..3. 4- hexaf | uor obut ane;

f?é,%kﬁﬁfmﬁ 3- hept af | uor obut ane;

1,1,1,2,2,4, 4-hept af | uorobutane; 1,1,1, 2,2, 3, 4-

hept af | uorobut ane; 1, 1, 1,2, 3,3, 4-heptafl uorobut ane;
104150)2 3, 4lllz;strq§1é19t g)gqngmgso blgglgﬁ@ fluoromethane;  difluoromethane;

#rlfllydi‘fofneﬁlaﬁgu tfg.l%%eﬁgdn%o r f)gldiﬁgﬁgetﬁal% 1 ? d%ﬂlfbréethane 1,1,1-

uoro o¢t &f 'uor obut ané;
Jtnﬂludr,ogthan@ 4 Hi 2aeiflabtogthansut ahg;l,2-tetrafluoroethane; i ,1,2,2-
1,1,1, 2, 3, oct af | u%r obutane;. 1,1,1, 2, 2470§ 4- )
6@@%?‘40&9‘&1}@%@ ;Hel, -4-penta To@e@aﬁe% UOROPLOPRTG 15 HeTaREepanc,

%,ﬂ-d}ﬂ&rgprgpeﬁref' 4- 1,2-difluoropropane; 1,3-difluoropropane; 2,2-
difluoropropane; 1,1,1-trifluoropropane; 1,1,2-trifluoropropane; 1,1,3-
trifluoropropane;  1,2,2-trifluoropropane;  1,2,3-trifluoropropane;  1,1,1,2-
tetrafluoropropane; 1,1,1,3-tetrafluoropropane; 1,1,2,2-tetrafluoropropane;

1,1,2,3-tetrafluoropropane; 1,1,3,3-tetrafluoropropane; 1,2,2,3-tetrafluoropropane;



nonaf | uorobutane; 1,1,1, 2,2, 3, 4, 4, 4- nonaf | uor obut ane;
1-fl uoro-2-net hyl propane;
wa 2004¢h584380r 0- 2- et hyl pr opane; PCT/US2003/040341
1, 3-di fl uoro-2-nethyl propane; 1,1,1-trifluoro-2 WO
2004/ 058835 PCT/ US2003/ 040344; 52 net hyl propane;
1,1,3-trifluoro-2-nethyl propane; 1, 3- di fluoro-2-
(fl uoronet hyl) propane;
11 1,112, Bpkslaniablopip Qne2 met h%l P2 BP&Mafluoropropane; 1,1,1,3,3-
1,33 tetrafluoro pr opane:
mmtaluommbpfmeo 121, (2,f213umn¢ﬁf@10rc3nr9mp drk?,3,3-pentafluoropropane;

1 oAl FontBes (1| (Do igr i Rpameenes 111,333

1héb<.aﬂu§robﬁiﬂaﬁé| uor o-12t, 1 Ll 3pnepmiiiyopRipapane;  1,1,1,2,3,3,3-

fluorocyclobutane 1, -dlfluorocyc obut ane; 1, 2-
qrtafBiosenrepaisut k@oroputang;j 2- ﬂmr@bw@n@b dt bedidiuorobutane;  1,2-

qu r0 e;

]hPﬁm%P%cycﬁgﬁg gﬁg@&%ﬂg %4 ﬁ?%ﬁ%?%%%c %6% %%nganQ 2.3
1d1ﬂnar0%utaﬁb;f afl | luwifoxobutabett B Q-trlﬂuorobutane 1,1,3-trifluorobutane;
111 3,3-tetrafl uorocycl gbut ane
1 212

Aotriglugrobufanss | ué@@c?@“@m}%ﬂ@@ 1,12, >triflaprobutane; 1,33

! cyc 2 3 3. _
pﬁe )?g Hd,lge{ngt yCF%:irgfﬁga;robjlu:taf%z 2’%31’, 14_§ tetrafluorobutane; 1,1,1,3
hekraflbarobweye; | dblyt,dderafluorobutane; 1,1,2,2-tetrafluorobutane; 1,1,2,3-

4- he 0 but ane; ~ 1,1,2,2,3,3,4-
B THBIERS ol ot AT o b 3rissBigtoBiiae; 1134
| REhAEBButThet Ures 4@étraﬂele§o%%et e U@qe&aﬁﬁér%ﬁt%éj 1,2,2,4-
bel ow. Particul arl’y preferred HFC’s i ncl ude

diefrhiberrobetencind, 2,3, pitéttadluprbetananel 2.3, 4ttetipfliarobwendyad L, 3,3-
R e T N ——

exanm, Aa?e@tfaﬂumaﬁfdﬁ@t ed hydr, DB|3U1§Hn@eﬁRfob&ﬁ1$aﬂenC| udeq,1,1,3,4-
Vi nyl uori de; 1-'di f | uor oet hene;

1pepiafluorelsitasst hehd;l 414@elﬁaﬂuqrpbluam% et Helpd2,34pentafluorobutane;
ai,g,%dﬂ? ﬁ)gﬁ)tgﬁﬁoroﬂmt&néj' fl uogolfp% %taﬂuorobutane 1,1,2,4,4-
» <-4l uor

uor opr opene; propen

Zpe'j‘rtaﬂu‘olrchlmtane[ opengs;3 ®p8ntdﬂ1fldrdbmt®m Op&mi;Z 3,3-pentafluorobutane;
% g3%rlfl or opropene; 1,1, 3- tﬁlf|u0 propene;

11» 25 4peneileg viapsne: 1;131.323-hevalyprabrspene; 2.518.2.4-

t RdxhTHOOB| %@@enﬁl,ﬁz %3 %e%ﬂlfo}ré‘tgftﬁ{é[ ORENE2.3 4-hexafluorobutane;

1-fl uoro- ut ene; | uor o- ut ene; " 3-

f 1,udr24.4-leyafdegobutarde; uor ok,1,1 Sm;ﬂénﬁaﬂlm;rdblmarfet uor ol 1 1,3,4,4-

P RRbBRER - bl el . 1 bl empnetatibiobtiane;
1 420 § hupkefborohgne; 3 132@ 4f h%@kﬁido‘r&i’lﬁﬁﬁe 1,1,2,3,3,4-
4-difluoro-I-buteneé; 4,4-difluoro-I-butene’ 1,13~

thﬁXﬁﬂu@Dbuﬂan@ut bihg;3,4.4 hegaﬂuomblm%meo 11, h2BSsehexafluorobutane;

b A SR R S o bR 1220

- It AN roblitahed - 1,1,1,2,3,3,4-heptafluorobutane; 1,1,1,2,3,4,4-
heptafluorobutane; 1,1,1,2,4,4,4-heptafluorobutane; 1,1,1,3,3,4,4-
heptafluorobutane; 1,1,1,2,2,3,3,4-octafluorobutane; 1,1,1,2,2,3,4,4-
octafluorobutane; 1,1,1,2,3,3,4,4-octafluorobutane; 1,1,1,2,2,4,4,4-
octafluorobutane; 1,1,1,2,3,4,4,4-octafluorobutane; 1,1,1,2,2,3,3,4,4-

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

1,1-difluoro-2-methylpropane; 1,3-difluoro-2-methylpropane; 1,1,1-trifluoro-2-



trifluoro-I|-butene; 1,4,4-trifluoro-I-butene;
2,3, 3-trifluoro-1-butene; 2,3,4- trifluoro- 1 -butene;

wa 240440588365 f | uoro- 1 -butene; 3,3,4-trifluoro- PCT/US2003/040341
-butene; 3,4,4- trifluoro-1-butene;
4,4, 4-trifluoro-1-butene; 52
1,1,2,3-tetrafluoro-1-butene; 1,1, 2, 4-
tetrafluoro-|-butene; 1,1, 3,3-tetrafluoro-I-butene;
ethyBordpdret r af | uon g; J-Eriihi)we-methylpropane 1,3-difluoro-2-
1 1, 4, 4- tﬁérafluoro | - bute

(flupramethy Bpropane drlol.p t@}mﬂ@ﬁ@-%nezh@pwp@%% ak-padratjuoro-2-

f -
Bt 8 RSO R BIR, L5l
PETyliBap013, D4QB?I—ietraﬂBotoel-(ﬁﬁdromnﬂhyl)pﬂmaE@do1,1 3 tetraﬂuoro-Z-

%ﬂérémgt %flg%rtrog%euug -1,{0}%3"{:3]35&'[;31’16' 1,1-difluorocyclobutane;  1,2-

alffuofocﬁclbﬁﬁt%ﬁél YA fholdey @M itane; 1,1,2-trifluorocyclobutane; 1,1,3-
tetrafl uoro-I-butene; 3,34, 4-tetrafluoro-I -

bifl wnesycRbatang;4- lt,%ﬁﬁaﬂucuoc)@lcbhme nb1,2,2-tetrafluorocyclobutane;

iégﬁ é;%@éﬁpgr%%%&%ﬁ%% e: RP,tz?Zr,lﬁpen]taf}uorbcy‘cf'obutane; 1,1,2,3,3-

%eﬂtaﬂucﬂ‘o Rutaak] uor a;1,2 bt BAGafluorocyclobutane; 1,1,2,2,3 4~
3 - pent afl uoro-1- butene;

me)g_afkgozpcgclpbw | uorlol.2.3RA-heatluorocyclobutane; 1,1,2,2,3,3,4-

flu N8 ohf2
éeéwt? @?‘#8%4}? o-q{'l& ut e%{ado %)%ng ﬁrgr entag?l brg&}%dl mlxmres of
ﬁn&,tlﬂa’eédﬂﬂfﬂ’ﬁ afebdrited- belotut ehﬁ'hcularly preferred HFC‘s 1nclude

3,4, 4-pent af | uor o- | - but eng; .
glfglogfometharﬁe n‘%ﬂqowpg f‘n%ui i%ﬂuq;ogthanq 4.1,1- trifluoroethane,
(oF 3, 4- hexaf | uor o-1| - but ene;

P e PSradpoboietel. 1
1,2,4,4, 4-hexafl uoro- 1 -butene;

10(%’53] 3 j ilh%gr))éﬁ{ﬁ:: %%?ngp es bcifb gwgpuréted hydrofluorocarbons include
iyl %hﬂ)rﬁle 'lhledﬁfubw&nh byt @AQorodthbné, 8,13-#ifftroroethene; 1-

hept af | uor o- - but ene;
fluorepr@ens.4 14l-ﬁéblompr@mn© | L%dtfbwprmpmes B3 zdlﬂumpmpene
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2nﬂlﬁdr Pend; but EpGrtriflubrapidgeror o- 2; bﬁ@ﬁh@ropropene 2,3,3-

2-di fluoro-2-butene; 1,3-difluoro-2- bute
irlﬂqupm9m3émﬂwopmp@%|1fﬂ11%- e r?eﬂuoro 1-butene; 3-

ugr, t r

AR BAEAE 1Ryl e, % e
1,32diBluotoprddeney h42H fudresiehutdne? 2LB—<ﬂ1|ﬂ|ubi(1=| bibotede b2t aliibyoro-1-
1112tti)urafl or 0- 2-

b
biichgi - irortpozociuuens: 34-gora- 1 biEad ki loresd tupwes 1,12
J{f%ﬂ% 21 - huibdaf | P@rBOt'rﬁTuBH)t fBBiene; 1,1,4-trifluoro-1-butene; 1,2,3-

t et r af | uot o- 2- but ene;
mﬂuaozl—mﬂmaaf | LBHetridlubut-Ebetend; 1,18, >3 pwentlabuters; o- R3,4-
af |

T oIo g -Bilgient ol AaRFRISte PuRaS 1 273 Biflyero-I-butene;  23.4-
?ﬂ?ﬁ(ﬁglluﬂft&ez bﬂhelnﬁrﬂularoll-%u‘%né' pen A fiedre-12blbteenes 4, 4-

2,4, 4-pent af 1 uor o- 2- but ene;
Il;lﬂudrp-z -Bytdney ebd fHtoi Gnoro2l-butens) e]; 1,2,3-tetrafluoro-1-butene; 1,1,2.4-
Jfétraﬂ%‘orzo 4—’bf'1te?1§)(ail u_))og ?etl%ﬂggrto Pgﬁtene 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-



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

1,4, 4, 4- hexafl uoro-2-butene; 1,1, 2, 3,4, 4-
woen®iosssss o- 2- but ene; 1, 1, PCT/US2003/040341

1,2,3,4, 4-heptafl uoro-2-butene; 1,1,1,2,4,4,4-

hept af | uor o- 2- but ene; and mi x ures thereof and

including mxtures of saturated HFC s described

above. [00152] In one enbodi ment, the dil uent

cmnpﬂucsresl -b@eneperif 4, 4@rtcnairgo- msamumi% DA tbthaF k-4 Htene;
erfluorlnated di l uent. Perfl uorinated
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pestidfhore-hdtuether o tpo2ind -paptdfuera bibyitente 108,3, |4¥}$ehtaﬂuoro 1-
in a single phase or

RS b P OB R & b rRes BBP b elRvOl 23,3 4-
%%3%@3@}@ U§32209§/4%9f54%10f05f' bl ﬁed' h Lﬁﬁf& 4ai§‘entaﬂuoro 1-

escrlbed in further de n ‘anot
ebryent; 1%333 4,4t peatafluonet 1 -butenea R Sot, 4 dpniagiaoro-1 butene 3,3,4,4,4-
hose caqnpounds

BB o7 AR abiank Poihes dabbad-d-hondivpo-1-
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nol ecul ar  wei gh My (typically greateér t

Ma2,3 g bttdie éﬁlwl‘@rér@gtimanz,s@,,@@ﬂ -hevflumroslebyierss, e di.g,3,4,4-

TR A8A00 M) 20 KEsier, sy Latle oGS
R 4‘35@6ptaﬂﬁ&%er Bileie; 91 SALR6 2t e, 2-

re preferably greater than 20, nore preferably
gﬁ?‘é’éggrbqt??&n 33 -difgpro- %béﬁeé‘?»abll %'dlﬂ)lom -2rhwitene; | i,3-diffuoro-2-

el ment siapher bkﬁ,ﬂ@r 2 Futwg ,?hhltaﬁ,l§r1g186ro tene;

| ower than 10, 00 ess
niot.@- tpﬂecbrefbblhtynd ek$, 3tthﬂnoﬂ>-D®ﬁteMy) 1, apetrdRSid- Eiﬂmfelii@ 1 ,2,3-

I t.h 10, ddi ng
Ry haREon bR i lost Bricas: T dnieunigord-buen g 3-
dbt@dtﬁié%—Q%u@éﬁ@St ANt1,49:tARRYR-3Bytehbe ij'l dﬁfet}%pnﬁoro-}butene,

constant of the difuent EDis Het er
rﬂebga&rtéfmfhmo-@fbmm d Rppéiteteailvorm?- batepa,r Bl J1¢d,3peatfiuoro-2-

SRR 1311 LRt S e B Sl 114

qﬁﬁ&ﬂam) :Ean{eﬁ@ asunes M%Eﬂt@ﬂﬁiﬁba-%gné n aih Aﬁﬁeﬂtbﬂuom—z-
[[measur ed val ue CA]. In each case thé méasure

QiR t anbb 1M fhegatlusioBybute; ECGl,(l,‘sl,,2 tidehexaffuére-2-bigene;
1,1,1,3,4,4-hexafluoro-2-butene;  1,1,1,4,4,4-hexafluoro-2-butene ;0 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.

[00152] In one embodiment, the diluent comprises non-perfluorinated
compounds or the diluent is a non-perfluorinated diluent. Perfluorinated
compounds being those compounds consisting of carbon and fluorine. However,
in another embodiment, when the diluent comprises a blend, the blend may
comprise perfluorinated compound, preferably, the catalyst, monomer, and diluent

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



di el ectric constant of the fluid in which the

capacitor is imersed, Cc is the cell capacitance,
wanw4@ssd3s the stray capacitance. Fromthese PCT/US2003/040341

nmeasurenents ED is given by the formul a ED=((CD CA)

ER + (CR-CD))/(CR-CA). Altesnatively, a purpose-built

i nstrunent such as the Brookhaven | nstrunent

Corporation BIC-870 nmay be used to neasure dielectric

gRElueit asfes@idetd emfintidt dewil bylowA Incmpthet smbodifnent, Itige blend
dielectric constants (E). of a few selected diluents at
g5 @lioscommprisedidorpargReahoRs Gridphh Cnoje GERPEIMEY GaRsisting

Sa‘gﬂ{) Cﬂu?%)?%%ggé A5gR3> PCT/ US2003/ 040341 55 Di | uent

oride 18.34 Difl uoronethane 36.29
1 1 -di fl uoroethane 29.33 1,1, 1- trlfluoroethane

iO@Sé] th e':_ILI} aflf]ipfé@}i ggﬁ)a&]{ggg%rﬁ\% Qﬁa rfl?gh%? welght average molecular

e n_g)ghgc]s ﬁwg&g REMALL URERS! 1R e 01de0BRiw, [R0ERbly hibr@thet 50,000

one’ df more HFC's are used in combi nation
Mwh nmn@tmﬂerablyl mant than mOQIQQﬂeMVdf angdi flesiad.s suigibla alldnents

U R L C R e i o LA
g?éf&%b@l kﬁéa{éf"tﬁ%{ﬂ N8t b HERABID QRGteR NMait D9, Irhdi@. preferably
peci fic exanpl es include but "are not |i mted to

Brﬁatfarféan 280 tmnrarmefepeéalu dReor mortry chic Fopedimgnts, where lower

U@P\%ﬂgéﬁ é E:a y e”tfﬁ%pblﬁ)fdaﬂﬁ)te%@%%%r less than 5,000

Mweﬁlbw Refedity leds ﬂﬁh@@ﬁ[ﬁb&@n&re aesm&ti hiyd Bieleani, constant may
- et hyl pent ane, 2, 2-_ di met hyl pent an

@e desqithrst 1y Phiheddieg lapges amonatsiaf |ne>1€ﬁ&05 A trangfes agentayipgp the
gl?egécgrng ’cgﬁst%lﬁtlgyébgsg ane, Tﬁe Qltlaé((!t @’%%Hﬁant of the diluent ep is

exane 24 - yl pent ane, oct ane,
llettaied fhlﬁl anmsu:letﬂeatseof thet d:@aetanno rod raepardﬁciqﬂaﬁ capacitor

g&g}%g%agibaﬁgfjﬁgggﬁ QBEQ%X ValE?/@‘ép CyCI qur)l(caenﬁhid of known
%&)ﬁli@ YGIsRRER] BRGsurtd vllue @ eidavih %MC(Q‘Pﬂr)t[ﬁl@qur&i Palue Cal.
In each case the measured capacitance Cy is given by Cy= Cc+Cs, where € is the
dielectric constant of the fluid in which the capacitor is immersed, Cc 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))/(Cr-Ca).  Alternatively, a
purpose-built instrument such as the Brookhaven Instrument Corporation BIC-870
may be used to measure dielectric constant of diluents dfrectly. A comparison of
the dielectric constants (g) of a few selected diluents at -85°C is provided below

and graphically depicted in Figure 1.



di net hyl cycl opent ane, trans-1, 2-di net hyl cycl opent ane,
trans-1, 3- di nmet hyl cycl opent ane, ethyl cycl opent ane,
woyel4ghagesane, net hyl cycl ohexane, benzene, tol BEMAIS2003/040341
xyl ene, ortho-xyl ene, para-xylene, neta-xylene, and
the hal ogenated versions ofs all of the above,
preferably the chlorinated versions of the above,
nore preferably fluorinated versions of all of the
above. Brom nated versions of the above are al so
useful . Specific exanples include, nethyl chloride, WO
2004/C§%§% PCT/ US2003/ 040341 56 Y. chl ori|de,
et hyl ?fde propyl chloride, bH§§? g | oride,

chl or gf he Iike. [00155] In her

enbodi r}@ﬁﬁyl ‘ﬂ’g?f “eactive ol efi ns may gg%%sed as
di | uent n conpi natiton wth|{HFC s. | es incl yde,
but ar|e® #&Prqn?qﬁ]ilatnsd to, ethylene, p%%&?ene, and it he

l'i ke. 001567 T one eﬁboolnvnt the S s used i{n
conbi rjab1-gHluAresthage chi ori naf ed hydro@g Bon such gs .
nmet hyl —chtoride—AddirtTomal odi MeENtS I ncl ude usi ng
t he HFd,l,h-tdﬂnmoﬁfélﬂlilQ)n with hexanes oR2r8thyl chidri de
and exafes—ta—another—enbodiment—the HFC s are |used
i n conbi,hap-ehraflidrbetbare or  nore gaseg3idlert to the
pol yney+zati-en—sueh—as—earbotr—troxde—nt+trogem,

hydr ogeni,2,2ategrafiyoroghme hel i ym krypt dd,27zenon, and/ or
ot her l—n&Lt—gases—I—haL—afln“ﬂferabH' "ﬁ":e.Lat ntry
to the 1eagtDpentb@iresthar gages incl ude.83arbon di oxi de
and/orl_nitrogen  [00157] lnlanother enbodimentthe

oo TSt T

H_FCs are used in corrbl natlon with one or nore

E(';/(% rS?L ed K@ﬁl%ﬁ %b@&ﬁéﬂfsn&le% thEreHOC T dré Beddn lcbR®BIation

ranc anes. Preferred nitrated
a&iﬁammheir niduerttenr mintures af chhlentSL ruitablet aslditiving} ditsntsaimelude

nitroethane, nitrop ane, r obut an n|t p ane
I HOGHERahe ESTRPRIE B RaT, SndnE a0t aniofdief o degangons
I%écféﬁ‘l?%ﬁﬁmaf@dt}{ﬂ%@?&ﬁﬁ @nd Mhd Ilﬁémgﬁé@ﬁ@ examples include but
rocycl onet hané, nitrocycl oet hane,

raret nadimitabtoopranae, iobwienss dleptene.anethycyclopentane, isohexane, 2-

%&%t]‘éﬁe%)/ﬁ?rgg g %gylpﬁﬁt%.t?egg;ﬁgling%&ﬁgﬂ%e 2,2-dimethylbutane, 2,3-

@hﬁxé@‘}bb%{aﬁgecaﬁﬁletmlﬁe&%yd omiRylRexane, 3-ethylpentane, 2,2-
ni trocycl ododecane, nit rocycl oundecan% .
dimethylpentane, 2,3- dimethylpentane,  2,4-dimethylpentane,  3,3-dimethyl

pentane, 2-methylheptane,  3-cthylhexane,  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,



ni trobenzene, and the di- and tri- nitro versions of

the above. A preferred enbodinent is HFC s bl ended
Wwoi2003/058435 omet hane. [ 00158] The HFC i s typi cal PgT/US2003/040341

present at 1 to 100 vol unme % based upon the total

vol une of the diluents, altéénatively between 5 and

100 volunme % alternatively between 10 and 100 vol une

% alternatively between 15 and 100 vol une %

aldilenart eMetide, kabylechiorie, anebyl Ghlorleuaty¥ochloride, chloroform

alternatively between 25 and 100 vol unme %

and grediei vel y between 30 and 100 vol une %

alternatively WO 2004/ 058835 PCT/ US2003/ 040341 57

between 35 and 100 volune % alternatively between 40

0155P0 volltunmmother ahbaiiment, weinyrebsiveeelefing mayd EOOsed as

volune.% alternati.ye bet ween 50.and, 100, vol 9
Suenin pombyaries Wt EE S o EBRRY SRl ot et ot Tinited to
Al RhRatbyelkNe, REL WRAKE0 and 100 vol une %

a%%nng}%i ggl ye bet ween 65 and 100 vol unme %

alternatively between 70 and 100 vol une %

atively between 75 and vol une .% o .
iMlgl%ﬂ ativ ?yorﬁefﬁgﬁ%t’ aﬁ’g %gg: Vo Iulsf:% Iy, combination with a
ahloghbRl | HedrbcBéyveRioh 85 anehyll0CGhlovidk Uneddttional embodiments
alternatively between 90 and 100 vol une %

ancledennsing ¢hg HEE viseppralnatigad wihohexenesmer ggethyl chloride and

| ternatjy Y/ 0 g .
TG b P R B B T cinai it e o
hdre ghsk et (v thepalgarri2Qicandch carbdrudioxide, nitrogen, hydrogen,
preferred enbodi nent the HFC#' S kljlﬁended with one or
RESQEL, AROTH eHERe HTYDIRP ZERetk FBHST Ofter A3t gRses Had s Pigtprably

. ECis s .
TR Ry (R OB s ile: it andr
hitteghinf | uor oet hane, 1,1, 1- trifluoroethane, and

1,1,1, 2-tetrafl uoroet hane and m xtures thereof.

[00159] I n another enbodinent the diluent or dil uent

Nogisse i s AehsmbesmbRASest tHOAFOs e BRIdURIcbnbihatibn Wi one
polymer. Certain diluents are soluble in the poly

nmer.
Rraherermadatdd [allenes inluding iGittpeCp qitiged dinadsi cyelie pmbrapehed

pal ymer ol upi .l i LN _the I [ P r.ed -

Rk Prearaibrptet st By R, Wl drp P HRARY' S, humethane
50treehnkO Qitdd o sune, nitheutdeakithgehtané, nnidiohereint, irvbeptane,
to cover the film for 4 hours at -75C. The fi|lmi
matEeacsanes 1 omitiasiecaniel ue RTONERHIs ed NitEPdoderANes enﬁ@ioé}{l‘i‘?céne’

&8@@3@1@?@6&&?}%2 LREUARMGRNE, O1GESTcUpttRRE, T HARdyBRbutane,

nitrocyclopentane,  nitrocyclohexane, nitrocycloheptane, nitrocyclooctane,

nitrocyclodecane, nitrocyclononane, nitrocyclododecane, nitrocycloundecane,
nitrobenzene, and the di- and tri- nitro versions of the above. A preferred

embodiment is HFC’s blended with nitromethane.

[00158] The HFC is typically present at 1 to 100 volume % based upon the
total volume of the diluents, alternatively between 5 and 100 volume %,
alternatively between 10 and 100 volume %, alternatively between 15 and 100
volume %, alternatively between 20 and 100 volume %, alternatively between 25

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



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

percentage increase in the filmweight after soaking.
woherddisgszent or diluent mixture is chosen so tRar/ushm3/040341

pol yner has a nass uptake of less than 4 wt %

preferably less than 3 wt %57 preferably | ess than 2

w% preferably less than 1 wt% nore preferably |ess

than 0.5 w% [00160] In a preferred enbodi nent, the

gd':t:cwf@@rﬂBSOAhdgild)OJ ezatummi1 %, wilternativelg dhetwtad 48 wal tdfatoltime %,

i fference between t sur e ass.transitio

elmp@rvg hubetwegn g6 Aol 0&0@ % 3#6@@%%613{ Paivasn 50, g 100
Y 3 and

o 1%@{&”41@@&? 1%”“1%}9 6t S5l and PP U me A aladliveeBetivien 60

e pol yner neasured after it
hiad 10@ enlfons AR daltentativelyf bdtweaf 6 Rind kit®sgolbmevibe nlt&atively

d 10
BRTEER 00D 305 o line Yo A RE oo 7ot (0nulgme %.
LRerfQKRYy bBiGvebh |90 add0l00fviRHeS s kilterhatively HBHvEHedSSS and 100

transiti on tenperature is determ ned by differential
sclanmi %galwhairweimbfrtyfeértﬁt)lnd 1%&@%@%5&1@7@2@5@1}1 between 95

it B.
(6050 PR oL el 9 PSPyl gl
bliSvebR DB laH Nab veurky %! Aed ammmwsemen on and\SISO gohmi %.
of the dass Transition, ASTM STP 1249, R J. yl er,

iy a prAfﬁenedcgnbocm@@methy HBE we@@n@@é ‘éml@l qvﬁt &r mares . thlorihated
Ehérl ad ? aégt%ér pr%‘i’e el etbodi ik %elee{eg%lﬁ('the
g 8835 bed" d™1 he

ove, PSeale ate a ter soa
o @n&%@ gfflﬂifﬁlorcﬂﬁeﬂharﬁnd?ﬂmmahm&ﬂ 1at-didluoroethane, 1,1,1
tenperature bel ow -80C until inmedi ately befare the
pgtiosesihanes aichi-1 1&&#@%@?@%@&9@8@%&6’ Wi t hin
12C of each other, preferably within 11 C of each
ot her, preferably wthin 10C of each other,
pO0IBET abl y Imianbiher 8@bodineat ktheodihent op difientabixpureiis istlacted

£ 0 e S o BB LR, Ty

Glyple re%éfeﬂédlaﬂuen@sr Rivena 1 ¥ §d1ibilifGnahe 9a1cyhle@t B@Iu,bﬂlty
referably within 3C of each other, preferabl
3Ctf pebyoker ds ragasuredr bt dorarihy thi n:nlyrmezantﬁ aeﬁ%‘h 0£tth@kness

%%%%%é gel’%lgvygﬁ]mtﬁogs C%Hglfé ea%%nh iP Q(?%uenf féngggf lo d&tv'eroﬁle film)
oA inguRug -asdcbatiedhfiphas @é‘xﬁ@&d from the diluent, exposed to room

temperature for 90 seconds to evaporate excess diluent from the surface of the

film, and weighed. The mass uptake is defined as the percentage increase in the
film weight after soaking. The diluent or diluent mixture is chosen so that the
polymer has a mass uptake of less than 4 wi%, preferably less than 3 wi%,
preferably less than 2 wt%, preferably less than 1 wt%, more preferably less than
0.5 wt%.

[00160] In a preferred embodiment, the diluent or diluent mixture is
selected such that the difference between the measured glass transition
temperature Tg of the polymer with less than 0.1 wt% of any diluent, unreacted
monomers and additives is within 15°C of the Tg of the polymer measured after it

has been formed into a film of thickness between 50 and 100 microns, that has



Further the invention may be practiced in a plug flow

reactor and/or stirred tank reactors. In particular
wohe/osgssent i on may be practiced in "butyl reaeCoOAS2003/040341

[Ilustrative exanples include any reactor selected

fromthe group consisting ofsg continuous flow

stirred tank reactor, a plug flow reactor, a noving

belt or drum reactor, a jet or nozzle reactor, a

t ol sBAk 08RG 10Nt (@ﬁtglgﬁ'?o aeted filngetrl eduRol! _w«zb PROLlass

reactor. [00162] 1 n another aspect, heat can

r st enpesgurofis detgtmined hnybfferemnalfmmng sadommw (MSC).

ERRARES a6l ool e SRRtastit s 8ol B, W eﬂﬁ#e“"fh
SNdewe bedle OBis araith SHRNAY @ét&mlna%ﬁp@r Thémhl tARlysis”, i

poI ymerl zing m xt ure, such as ound in an
soignent gb e Glasebensifi ,p%SSfMtSﬂé’el%é’aBt brSeshnokhemercan
SKaTBL 15 B FOREA 190 7050 e

V@eﬁﬁ@d é§) B%ﬁEG@%VHS&@[&a/ iDdid3dkte aﬁelpﬁdakﬁgdﬁtot D8 @gﬂample
the reactor. Another exanple is ere heat is_renoved

i PADg apgl @gamtmns@/ai edemperatihy belgh <t fawdil Hemediatel drtare the
UESPgm(é .o nPIteIF&alﬁ? r{ﬁé qglugg aft min 15‘{/@ r2)‘°ff &kh other,

surface. ot er exanpfe d be a reac
ppliefemhi}'f zwitthion] °6k ef eag a)dfer ,Opreferatly | Wghllne Lo°rof CErauliin other

he dij.l / nononer [ cat al yst. m xt [
Rl b S o teap ey B0 of ol Sther
eﬁl@&%@ | RAnigf 7¢d eofd Ez!ldlﬁe B’éhe@spretf&gbl'&eaﬁthirp Bo@r Qf:%g&?’ other,

I'n additi on heat may be renoved i n Such reactors
sprefesgidy hehint 6%@15@ pa((hs othier,aprefdrebly wftthlrx: d6Caof eaeh other,
pre t_on. dr.u he. bel t
apfc?%elr?ﬁ) y {‘/‘ s0 p%cglu 8@’3 ’oﬂrelfﬂé%lgt W lI’s |3dé o ef‘ﬂb other,
befeferably wﬂtnlmcc HnQich 8fhet, YR&FeRbly WAKMAPCI oF eAcH Gthedr

nozzl e reactor. These reactors have a short residence

time where the nononer, diluent and catal yst system

ap m‘éﬁ%ﬁ qqoéepgsthe Jet or nozzle and the
curs as the m xture passes through

the nozzle at high velocity. [00163] Preferred
r rs inglude contlnu us flow stirred tank
@Qiéﬁ ﬁ%{%?‘mab@% ?ﬁbacmzpdolatc‘@ﬁ%wwﬁfl ibatshpgocesses.
Pl '?l‘ﬁkd VBRI d2Cha BE RAdHRE ta Pl t ank
agl taetror lgr [ nd?la tg ept?%/ple rea%?ongaﬂ@v er re roéascltrrggé[
ategctorsnc|lndearti@dat ¢his invention may be practiced in "butyl reactors."
Hlustrative examples include any reactor selected from the group'consisting of a
continuous flow stirred tank reactor, a plug flow reactor, a moving belt or drum

reactor, a jet or nozzle reactor, a tubular reactor, and an autorefrigerated boiling-

pool reactor.

[00162] In another aspect, heat can be removed by use of heat transfer
surfaces, such as in a tubular reactor where a coolant is on one side of the tube and
the polymerizing mixture is on the other side. Heat may also be removed by
evaporating the polymerizing mixture, such as may be found in an
autorefrigerated boiling pool type reactor. Another example, is a plug flow

reactor where a portion of the polymerizing mixture is evaporated as the mixture



where the pol ynerization occurs on one side of a heat
transfer surface and the coolant is present on the
wobRbhmrossizsde. An exanple is a reactor where tub8eT/US2003/040341

contai ning coolant run inside the reactor

pol yneri zati on zone. Anot hersgexanple would be where

the pol ynerization occurs inside a tube and the

coolant is present on the outside of the tube in a

Z}iﬁtﬁbéeds [H0Sddthe fdatwr] AYBHet St isAhBe BBatRE A%ldveq%h b Blug
ch reactors where the nononers, diluent, and

cfi%i rgpstor frreughhsuripeel hed transfer using ovolamtcbntthepther side of a heat

' ' | et h by ..
POAKIEE Sartitle) MhoPlc SRAABIC o QB p ke e Pl e eriopotpes
| placeeott aimowdnp odit rerdrem Where ithy Ailhié@indrdnRiR6faly&E thixture is
usi n%ga slurry polynerjzation process. However, other

P ontedhs bRt pednyBbanddheat is remayeshiyl eitaparation lof g diluent as
. i zati-On: Or | 2ri zation

S TR ST S, SRR 5 s

putface heat atansfier (such es sebere 12 20614t05§B&%nt on the inside of the

PCT/ US2003/ F‘)4g 41 fglo L 0166] In one enbodi ment, the
ﬁﬁ%?éﬂ‘?l Htho Rl Snp PR it PiRAused qrHae oter sidgof the belt or
MRBONE AnofRfl tyde! GBIt A i€ o E@&eﬁﬁzzlenregcttcif.nghgsgﬁjé?cﬁgrg have a

o
Preferably, the polyneriZzation is carrie
cbati residescep imenevtierattho mpuanes slifuentwhaind hedthigst system  are

C L. yst., .nonomer (s), dil uent are present as a

SR RO FER Gl o i By st osRUrseom e e apsses
ahdoably 8e(orzle ankigh RelocAyor (s) are all miscible in the

di luent or diluent mxture, i.e., constitute a single
phase, while the polynmer precipitates fromthe

' t wt rati,0n fromthe diluent
ADOHRDL ) V! RS (SRR TR, SRS by 3eq donk reactors,
extteitisr bperatisg imbitciabedoftihuoud bdode OAndWhdifler SHPRIRSHI Ltk
of, the polymer and/or little or no diluent nmass uptake

e thsbataias or i g iwke type Tengior. Perfoiied reaetoroalse iclude reactors
i A0 L i | rOvi faor .hi gh
e sonk bl SRE, LA SHENHY R 5l Sl e
woolanty o greset on thea odfeersider educ edaihpRCison reatbd Mehere tubes
hoqp eneouiwgol ne%gﬁgtion and/or the conveni ence of
St aBYtReC nt i 108 TeRCT RO LRSI PRy ZBe- t fhother example
R bd Wlere the/ Py melkatidN Rcurs inside a tube and the coolant is present

on the outside of the tube in a shell.

[00164] This invention may also be practiced in batch reactors where the
monomers, diluent, and catalyst are charged to the reactor and then

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

then recovered.

[00165] 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.



[00167] The reacted nononers within the reactor form
part of a slurry. In one enbodiment, the
woaom@iga3at i on of the solids in the slurry i s equals2106/040341
or greater than 10 vol% In another enbodinent, the
concentration of solids in tée slurry is present in
the reactor equal to or greater than 25 vol% In yet
anot her enbodi nent, the concentration of solids in
t196166]ur ry Insoneesmbodiarnt rthe poBlmdrizatién flS/ Gér?fecclj'diht Welere the
r _enbodi nent,..the concentration of solids in
AP, rOTgREs G diuent e PESBIOR 8 .smlq phese7 OPistIobly, the
|15b1§’1ﬁ&r1§a?i%h hetarRBROGH BN lontihiius ? Fbc%gs which the
solids in slurry is present Int e reac rom 5
7@talyitygmanemees), sandt Heuent earbopliesamintas 4 hénglonsiasé.r atd @hiry
slurr once is present jn the

LB Ao 5ol GBS Eh PR i BB AL b DA th

tditieGORE QfifubAt M@RuRf i.eS Oédrﬂﬁtu'té" aS §1H%IE lﬁl@@ Cﬁ/ﬂh% ghé jﬂ)lymer
is present in the reactor froml1

dnetipidates fiomdihaelituent Wish @oed esparatiom froof tlﬁ:odhhﬁ:ﬁt i ﬂi)es1rably,
Tt GBS POSRRL " SBetiReDin srtibimeb s uieaed ik oo e

coppestionof i pAimeOhhdisr 1ifleSbrlUAd )dﬂﬁé?ﬁ? ciﬁz&% r@?e{k@rhs' shown in
ﬁ;resent in the reactor from25 to 70
5

StRer Ehe aplrmerizationeincthp fsielncmtatoifdm presm |1mmuom provides
She NN OO LRGN 2 o PLIARRR DS LERFL Vi L8

30 to 7 ano

Zﬂﬁ&ﬂeQS88356@@5&¢ﬁ&2%311@é;0316ﬁ10g&9606@ NesipieAtdtdR @hd/or the
solids in concentratlon is present in the
F8htsoncR, B s dnGHT Totsot 69 bf 0w Bytnyph St tegultag polymer

geRbirguous flow stirred tank-type reactor may be used.

The reactor is generally fitted with an efficient

agi tation neans, such as a turbo- m xer or

7 e R, e PR B P St oy o

©he eRBOYInGL, thecdiRahtr@on RN R1dE & {1’19 3] gﬂeélati) %F] greater
t he desired reaction tenperature, suc

ithangk0 Yl shp @@Fheh@mbﬂ@n@nt thﬁ tmnntsatmmd)f(sah@ nsths slurry is

ar ly), means,
RRER. AN e BT SO0 b R htlas: 50t G Vet dnother
wirbbdinsens, the cymentrattid oesilidang the! Blﬁﬂ?% qféis '?E’e[ho&’e&ftlal to 75
ot her things, to a holding drum or guench
Mglg/f’ ey pelAnothee emb&@tl@m, ithe pancgeization ofisplidnin Si‘mr}sumplesent

e sEdckdrathh 7 16 B6 vk, W i/ét another embodiment, the concentration of

solids in slurry is present in the reactor from 5 to 70 vol%. In yet another
embodiment, the concentration of solids in 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 slurry concentration is present in the reactor from 25 to 70 vol%. In
yet another embodiment, the concentration of solids in slurry concentration is

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



recogni ze proper assenbly and operation. [00169] The
reactors are preferably designed to deliver good
woini4gssss t he catal yst and nmonomers w t hi n t RET/US2003/040341
reactor, good turbul ence across or within the heat
transfer tubes or coils, anéi enough fluid flow
t hroughout the reaction volune to avoid excessive
pol ymer accumul ati on or separation fromthe diluent.
LORLI0d o drepo e RCII@ES cotvahtraty Beresehd inzkerdadtot fiwm 40 to
practice of the present invention include any
¢omMUMmt i onal reactors and equival ents thereof capable
of performng a continuous slurry process, such as
disclosed in U S. 5,417,930, herein incorporated by
[e¥e8EnCce. TiPRallBacoatinpuisHldwititddenicaypelreacsér minebepsed.
Eunplng variety or the,domn-gunping variety. Tg§
beseastorvip Renesdhit Afted withranSTarient agistink negps.1Heh as a turbo-
fita é{ﬂmgéf@&@g { ABaPLESEY dRUCH/BN RELEC Lhitfe! Gibes
catal yze e ol'ynerization of the nononer containing
feddr 66ilscamotiee meahadl eensuvfirig theeeat o polynterigdtiquotoymaintain
havi ng desired characteristics i s produced.
theedpsies ERRTLPH CORFEAIERH IR FRTHPS éﬁ%‘?ﬁeﬁs 8 CEP‘&’S%E;% monomers,
NHTE " € mehs, and
e O R i e
catefflysit syesflew)or opflefvepisl whighewithdramisapolymenat dduent and
reater than 30 wt % i n, angt.her enbodi ment,. 1n
TrSerEr ranmoeenetonk 0 QNN (F enfo Wi Opmhybx, dihet fookc
PraftAoly0 tROrcnbide WO 6058 388 ritfidilitdS2008 50A6B 4l thebatt will
mononmer “concentrat’ion based on the total weight of
nesgnige prapet asamblyand opertiglyst system [001711 In
sonme enbodi nents, the feed-streamis substantially
free from silica cation producing species. By
$0016YRNt i alThe rbaceers afe wreferabdy dedigiond tprdetivei gegd mixing of the
species, it is neant, that there ig ng nor e than 0.0QDS
wBiZdyshaedl momopses Yihia the wgacty 29d fHBUIRRTFoMEPS G Within the
th?ﬁst?anﬁejl'r'u?n%s %?Ebig’? aﬁ)cf %ﬁg? @ﬁlicfﬂgﬁf' tRdubRodt i€ #885bn volume
stream Typi cal exanples sil1ca cation producing
speviié sxarssivh ablymet kgdungildtionar sepmpomniden tzedihgnt. he
formul a RIR2R3Si X or RLR2Si X2, etc., wherein "R' is an
al kyl and "X" is a hal ogen. The reaction conditions
11061'7026 suqhhbN b cdRSIRARS bel SARRAAH URE pra2ties SPHR: pRfent

esidence tine are effective to maintain the reaction
invention include any conventional reactors and equivalents thereof capable of

performing a continuous slurry process, such as disclosed in U.S. 5,417,930,
herein incorporated by reference. The reactor pump impeller can be of the up-
pumping variety or the down-pumping variety. The reactor will contain sufficient
amounts of the catalyst system of the present invention effective to catalyze the
polymerization of the monomer containing feed-stream such that a sufficient
amount of polymer having desired characteristics is produced. The feed-stream in
one embodiment contains a total monomer concentration greater than 5 wt%
(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 wt% to 50 wt%



mediumin the liquid state and to produce the desired
pol yners having the desired characteristics. The
wounoness3feed- streami s typically substantial | pctseo0s040341
any inpurity which is adversely reactive with the
catal yst under the polynerizgation conditions. For
exanpl e, In sone enbodi nents, the nononer feed
preferably should be substantially free of bases
%?dﬁ@g]g?%oﬁ@é{ﬁfahsﬁ baSel ToH! theOREAT WhidHt of AABRIAGS dlsee] and
as , COS, and organo-nercaptans, e.g., met yI
retalyapdyatem. et hyl nercaptan), nitrogen-containing
bases, oxygen contai ni ng bases such as al cohols and
the |ike. However nononer feed may be | ess pure,
ty@i7apl |y netsohRSsmbddi@bntdStHe BE®Sréim i0bwlst-atielly fice from
content, nore preferably not less than 98% not |ess
tsHiza @606 prcnluprngf weeiet ptaptiplly e of SbGR icaties Prducing
present, a SS than 0,0 ( [
pPEREY éfb}symie th%g’[er%ﬁon 0p%lm g‘?g“f Q)r()a ))’& P?ggsedh(glnt ok
RRSEhtPs iRl Abhymbasst tHee il qapioh modddnglbscidseisthe feed
than 100 ppm [001721 As is normally the, case
REawmi GyploRkExamBlRpeF siligh ElioBHEGHIRGERTSIFS arg hlorilipg silica
of t f C e nR
3ot AT, foRRta 3 RAR A AR SEE R el 'R is an
rafigd tand ' X"else halb gere Tm reactivanioaditions swllelt suthbhstedesirable

on the target pol yper. pol ecul ar nd t noner.
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VALdiaRlif a6 A8 SRRYMR 16 ‘ﬂﬁﬁiu@@ fiRtdeoR&d g@lyﬁrers Ha&h% the desired
tenperature control, etc. The tenperature for th

mbbraerisiet | The imprbogss feddetrea, is tpjpléalér awsyanﬁéklmé@ﬁ of any

-10C.and,.t he freezin i nt_.of .th r

GRBGPEReD s AHrr e iast i ey il R Bymerization
iFAaRioA® N tEor leRam ?Ie 3 Qb6 enfBARAME Nthe A2 4EEHPBBErably
PCT/ US2003/ 040341 63 the pol ynerjzation tenperature

i shohldorpe- adGtansially 0fes @n @as#e\Soﬁﬁwhoes t Gustiq)g gelfpprcqrdgining
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wi || roduce roducts of diff cul ar wei

{s.
a1 i oHonges eRpomss tetaesy P b P e DAY ot Less
Qﬁ gg‘?q%as&b 8% ‘%&aneﬁh'a roH@R:, TRk #)9 ﬂafétgbI A& 1eﬁ0cH£r§ 98%f not

e feaction e exam nation o I'es taken
pleﬂs thdn ©atd. yhdpmefem:pdt dgbodireerts Ithﬂnzmmlrtt@@ lard preeenijiagiédsy than
e J)o(}/ed [ g the a
{63 ppm (by welghtg preferably less that 500 ppm, preferably less than 250

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

[00172] As is normally the case, reaction time, temperature, concentration,
the nature of the reactants, and similar factors determine product molecular
weights. The polymerization reaction temperature is conveniently selected based
on the target polymer molecular weight and the monomer to be polymerized as
well as standard process variable and economic considerations, e.g., rate,
temperature control, etc. The temperature for the polymerization is less than 0°C,
preferably between -10°C and the freezing point of the slurry in one embodiment,

and from -25°C to -120°C in another embodiment. In yet another embodiment,



[00173] In a preferred enbodi nent, the polynerization

tenperature is wthin 10C above the freezing point of
woOhevstisgszent , preferably within 8C above the PCEABR00G/040341

poi nt of the diluent, preferably within 6C above the

freezing point of the diluént, preferably within 4C

above the freezing point of the diluent, preferably

wi thin 2C above the freezing point of the diluent,

Heepatymblizatioh ttbmperatiice ab ot t402Cf toeeliORg, pad lﬁltonof-7(1°ﬁieto -

diluent. For the purposes of this jnvention and
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above the_ freezi ng poi t he di L uent

t of
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esubtichi; r:mmhmcftwomdél@@n&ﬂmyaionﬂm kPa in anot her
enbodi nent, from 200 kPa to 1500 kPa i n anot her
enmbodi nent, from 200 kPa to 1200 kPa i n anot her
m@g | ment 1 andhrdrEe8 ?eQQ)ohEﬁ'erftotHeO%QlaJﬁP klz'aﬁoﬁ/ &bmperature is

er enbodi iment, from7 kPa to Pa i n anot her
wﬂhudi@f‘émbovfe therfieeziggoinb of7 theiddentn peaforehlyr within 8°C above

nbodi nent a t kPa i t
eimenmointor 85 St pertied 0By e iSking point of
q@@ﬁu&m n?refélﬁﬁﬂﬂ 3606 MPa tieovkO1HROGekRAg | psbnam of hﬁé diluent,
enbodi nen d from 3,000 kPa to 6,000 kPa in
@rﬁ@mblw withjs i °re#hove tho frrszing peing of dhe éﬂU%nPr&@@h%@ within
I
di ¢ &gﬁ%ocﬁgﬁe%zgg p? trng %@ﬁ% dﬁﬁéfgogﬁfn‘glﬁ tp‘u%&sla%%ﬂﬁls 1?}{7%Emn and
Zlﬁn%éﬂgﬁfs&&%td:’%éh Mﬁﬁ/a%%ﬂﬂm 6 pb®E7hE freezmggioerof the
embodj nent, . the |n|t at or and acj d are pre-
BT o) maes s FagaeBmtcl B s Bk & B Fosmrampte
iBfhe % %ﬁg ggfnﬁ Sfflth%'ﬁﬂﬁ@lgt 91980l Rn"1PQIaBEvd fh@rﬁ&zﬁ% point of
secon ours then is injected into
dmnhhmnbmsSWﬁhctor t hrough a catal yst nozzle or
i njection apparatus. In yet another enbodi nent, Lew s
acid and the initiator are added to the reactor
Jeraupt el y The Feactidfl f18dsuRMNObEBRM abdi@ O R 14800kPasSn one

bl ended with the feed nononers before
embodiment (where 0 kPa is a total vacuum), from 7 kPa to 12,000 kPa in another

embédiment, from 100 kPa to 2000 kPa in another embodiment, from 200 kPa to
1500 kPa in another embodiment, from 200 kPa to 1200 kPa in another

embodiment, and from 200 kPa to 1000 kPa in yet another embodiment, from 7
kPa to 100 kPa in another embodiment, from 20 kPa to 70 kPa in another
embodiment, from 40 kPa to 60 kPa in yet another embodiment, from 1000 kPa to
14,000 kPa in another embodiment, from 3000 kPa to 10,000 kPa in another
embodiment, and from 3,000 kPa to 6,000 kPa in yet another embodiment.

[00175] The order of contacting the monomer feed-stream, catalyst,

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



injection to the reactor. Desirably, the nononmer is
not contacted with the Lewis acid, or the Lewis acid
woaodsosgdswi th the initiator before the nononePeTAISL@B/040341

the reactor. [00177] In an enbodi ment of the

invention, the initiator ane4 Lews acid are allowed

to pre-contact by m xing together in the sel ected

di luent at tenperatures between -40C and the freezing

EIMUG] t enpyf ahdther @mbobenddit] deninitisbt nd I:mi‘saactld dre Npre-
tween 0.01 seconds and several _hour and tmeen
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overal [ residence tine in the reactor can vary, _
ﬂg‘qemimdlm gheurzactor. Bcgrably;ahahmvmax: tsi nat icgntaetdd with the Lewis

COCEMLE P O TEGIEL, SORSEILE B LSS O e

fesiored nol ecul ar weight, and generally will be
bet ween about a few seconds and five hours, and
typically between about 10 and 60 mi nutes. Variables
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betweea rH €aardothie cfrmm,grmmtz@mp@wuyp ©d dhes dduentywgh e contact

nmbodi nment f t he j nvent i

EReCsHEmL O Seronds AR s, TRT TR eeh 4 560 pe 5
nfintBE prafRe®] fes?@l% B%ﬁﬁ&@ pﬂ’éfe’iﬁlﬂ? hetwerb®di sgesids a0 1
2004/ 058835 PCT/ US2003/ 040341 65 In yet anot her

grinyte dpfose wistem ipthe 1eAROT atj o of Lewis acid to
initiator is from 0.5 to 10, or fromO0.75 to 8. The
overall concentration of the initiator in the reactor
[@01t78pi cal My ahothen Bmbodidfit ppnho mv]:ﬁ)tidm) thS@nipipwr antdelewis
concentratlon of the 1initiator in the c tal#é% 8‘?

ed diluent at

8eifleat allovieg do carerapntach by sepixine é%‘éheﬁ poth §
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In t reactor

[00179] The overall residence time in the reactor can vary, depending upon,
e.g., catalyst activity and concentration, monomer concentration, feed injection
rate, production rate, reaction temperature, and desired molecular weight, and
generally will be between about a few seconds and five hours, and typically
between about 10 and 60 minutes. Variables influencing residence time include

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

[00180] 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.



its anmbunt relative to the polyner. In one enbodi nent,
there is from0.25 to 20 noles polyner/nole

wonoda4ioagsss, and fromO0.5 to 12 nol e pol ymer/ noPeT/US2003/040341
initiator in another enbodi ment. [001811 The reactor
will contain sufficient amouggs of the catal yst system
of the present invention to catalyze the
pol ynmeri zati on of the nononmer cont ai ni ng feed-stream
SHP?ettéﬁ@fheﬁ d8sHabiCiBhidiRRRY e Rtio %a&?\@b gﬂluator is from
desired characteristics 1§ pro uce T strea
i O5ot0el GrascomehTs5 to8t aThs overtlit@hncemmtiomei the initiator in the
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AT SRR O8N BTl OB R pens bliR af 0setp 20

Leies p@l.yrﬂér/mﬂe tifliiatog amkdOforh 9.5 MR M hal1& @ElyRREMRAS initiator in
10, 000 pounds of polymer per pound of cat aI yst and 300

Woéﬁmeylﬁer per pound of catalyst and desirably
in the range of 4000 pounds of polyner per pound of
catal yst to 1000 pounds of polyner per pound of

cm)asy]st by Tho rdactok Willgohtatn suffiaient ahbent®bf HeWtBal9& stem
nitiataqr 00183 I n one enbodi nent, the
'bFrBHS%I&tWﬁ? 18R 1¢ %&tﬁﬂﬁ?ﬁ gIPelymesigpiionef the mrenomsh sptaining
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form butyl rubbe conpri ses several
r@amcmrlshw1srg0®ch nﬁhmfn@eisttaam naqmbdambmﬁmamt @mr,qmmg total

t’é}g{l%lgfr %%Ppt{ﬂgwnb%;gr OV g%q, h"9 n&ag%zi o Eﬁgeeg)tael welght of the

niﬁ@ﬁcbiﬁéb' lilasme ra%ﬂeeataig}@t sis@&rﬁ? ObrehdPi ®&h | %5 1wt% in another
ed with parallel "vertical reaction tubes wthi

@?nt cblnr@uanpﬂngr remhgdlme@t, Hh¢ derd-stiBhm wilt edntain from 30

z%t’fi 183048 EBhpied b RutRce Bel 5 ay Gl Pright ¢ mogomer

Sdildent, and cathlgssystemabl e of | arge scal e vol une
pol ymeri zation reactions. The reactor typically uses
liquid ethylene to draw the heat of the

by rizat'cg[ Ete% g2 r f Lurr
g‘ge gp%n‘p inpe y3 Eﬁl Ly Y@a\éeé QN ER&s QJl&r)] N9 theUlda¥ior is
maintained between 10 000 pounds of polymer per pound of catalyst and 300
pounds of polymer per pound of catalyst and desirably in the range of 4000
pounds of polymer per pound of catalyst to 1000 pounds of polymer per pound of

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

[00183] In one embodiment, the polymerization of cationically
polymerizable monomers (such as polymerization of isobutylene and isoprene to
form butyl rubber) comprises several steps. First, a reactor having a pump
impeller capable of up-pumping or down-pumping is provided. The pump
impeller is typically driven by an electric motor with a measurable amperage. The
reactor typically is equipped with parallel vertical reaction tubes within a jacket

containing liquid ethylene. The total internal volume, including the tubes, is



a constant flow of slurry, diluent, catalyst system

and unreacted nononers through the reaction tubes. A
woeen/sgg3eam of the cationically pol yneri zabl ePCT/US2003/040341

nmononer (s) (such as isoprene and isobutylene) in a

pol ar diluent is charged inée the reactor, the

feed-stream containing | ess than 0.0005 w % of cation

produci ng silica conpounds, and typically free of

BicafdBlha BO NG FOIIsers, s Gapaly of 1sgstsele voluhé @blymerlzatlon

charged into the reactor, the catalyst system hav

reagiiansac The apertetypically |‘%§P§) hapidegiBptens jo djrﬁW | Re %Peéﬁ 06 The

%lyfnrefi%t?on r%aét%n]aQVag f(rj(}% ntnlﬂfg %t Ghe g‘.\gﬁ g‘\%egert I%eeps

nonome yst syst em ar
g auvhsaht Gldey afcdiney,, dilveat, catagsti oystdnn umdf omeaciegd anonomers

Py then EaRE0R by Rodoed-CiPeRt LiR FEHOGFID) Dl perisable
%{‘B %1%&5)5%1&9 Fs/?sogfgﬂé"aﬁd’ 1soE&?lenEj"'H§a befafaduaf iy BRfrged into

is allTowed to exit the reactor
therreagbr, tlmwfeedﬂstremn @ontalmmg loss thian &.QQ051 wet% of cation producing

nmul t aneo [N fee -stream ch
SR prvamounie, nCnER Bet AF ARE e Shot Ao 1o shilyst Sstem
ROMY¥ARNAESY R0 -the AAYRAL RO REMBIsY sys&éiﬁ‘ mmgeenLemv&@m aman
I nproves ‘this process in a nunber of

ulitiatoeprebant freel molay gattch@f frove Qrﬁto toflOgb| %%m the mﬁmﬁhﬁ &red-

on the.reactor

v Bt PO sl Pl S EAR0FRa RUEDRETR g popits he

Qéacﬁéﬁi Tthlﬁofdrmnigs a MERasUbe @OE'Yne@ r(@ﬁcﬁhu A€ byt etilshes), avtaireia the
nIE) " [00184] I'n one embodi ment  the resultant
p@ﬂ@ﬂﬁér’f ¢ slory dae a gaprsairaien olbfromy Hbveldk om0 % sFigally, the
I
R
00 obtletasrthufiow liﬁlatwl’ﬂht dsimnltafeotisly mﬂlo@n@ the feedsstreainechpeging
100 nol e of gononer Thi s product ected to.

bj
§%b§éa%@%% HaYD g SARETEHE o ffB‘?IHmé}O%‘/\%\I 65185% J ealypistigption.
L#Q’at ag c{ugﬁflﬁ{é]pré%nﬁﬂ%rﬁﬁh iBPRARS BB ObrdcBisSn amugibet 8fways,

A"pol ynerizati.on process conprising
e@nt ‘tacultmgatdyl ereducmgaﬁle anomd p pelymen ecormuiatien Die \Whes reactor

S SR R Sl B SV AR R o e

©PBR|E & NG nXB Rl bYPEBswb Yisboabikieaciocar haaps.{ HFC s):

[00184] In one embodiment, the resultant polymer from one embodiment of
the invention is a polyisobutylene/isoprene polymer (butyl rubber) that has a
molecular weight distribuﬁon of from about 2 to 5, and an unsaturation of from
0.5 to 2.5 mole per 100 mole of monomer. This product may be subjected to

subsequent halogenation to afford a halogenated butyl rubber.
[00185] 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



B. The process of paragraph A, wherein the dil uent

conprises 1 to 100 volunme % HFC based upon the total
woabasssss t he diluent; C. The process of Par agCais2083/040341

or B, wherein the HFC has a dielectric constant of 21

or nore at -85C, D. The procgss of any of paragraphs

A, B or C, wherein the polyner has a diluent mass

upt ake of less than 4 wt % E. The process of any of

ar agr aphs ro &3 efiilen: t iJ.gen urt.he

gon‘pri ses a&ﬁyggrg%e{lfgon? F%T%lgiegf oggglﬁfglﬁ%angn%f " hore

par agr aphs Wydr&lud@pcdthorsr(HEC'sdherein the initiator is

I d f th i sti f dr. .
el | dbb. & 6% PEGRSY o PGRARh Al terein BE iR shrgises 1 to
hal i des, anfhg§ottime s HP@MS@(Pfg?othe 118 RNQRessRldiaay;

of paragraphs A B, C D, E, F, wherein the ' .
nonomér s ar Eheplogessed Peragraphife oyBowpersomihed i G gant dielectric

styrene, para- t hyl styrene, pha- net hyl styrene,
di vi nyl benz‘é%’éfag?‘&g]‘ﬂryls%r %rﬁéﬁﬁi/ﬁsgéhzene, i sobut yl ene,
2-met iyl - | - Phd pRRessDIRY b Ipatagrdpit A)B or C, wherein the polymer

2- et hyl - 2- pentene, isoprene, butadienes,

2, 3- di net hyhas aidiBiepimassi uptake of despihsardewt ¥y r cene,

6, 6- digmet hy v xgd] cyclpent adie .

met hyl™ cycl %%%%%%E?iﬁéaﬂg.%‘iﬁfﬁéﬁ%hs Aot O\%ﬁbny%erem the
et her, et hyflihwinbfrthet beanprises abydypbarbbmy! et her, and

m xtures thereof; H The process of any of_ paragraphs
A B, FC, D, T@ Processy ofc;a}n}«,\;ﬁ%pfgelgrgph’sr ém% Gy BeRr E; wherein the
COpOl YITBr S ki i Fro 64 yloger Sid
process of any %;lggglrggalriag S -e%?&g,ﬁ é{sﬁ%ngé?mg og'e or1 e,
H, wher ei natdagbaxglipeacadsurveaters tO@iagy allghehalidés, Tk mixtures
process any_ of paragraphs A, B, C D, E F, G H or
|, wherein t.hFWQ tenperature is within 10C above the
freeziglg porpd pl‘&:eésh:ﬁ"an o %%Efapﬁs ATlEE RS PfWIRRYN the
of paragraphs A, B, C D, E F, G H I, or J,

monomers are selected from the group consisting of styrene, para-

methylstyrene, alpha-methylstyrene, divinylbenzene,
diisopropenylbenzene, isobutylene, 2-methyl-1-butene, 3-methyl-1-
butene, 2-methyl-2-pentene, isoprene, butadienes, 2,3-dimethyl-
1,3-butadiene,  B-pinene,  myrcene, 6,6-dimethyl-fulvene,
hexadienes, cyclopentadiene, methyl cyclopentadiene, piperylene,
methyl vinyl ether, ethyl vinyl ether, isobutyl vinyl ether, and
mixtures thereof;

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

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

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

K. The process of any of paragraphs A, B, C, D, E, F, G, H, I, or J,

wherein the slurry is substantially absent of water;



wherein the slurry is substantially absent of water;

WD 2004/ 058835 PCT/ US2003/ 040341 68 L. The process of
wany4obsg3ar agraphs A, B, C, D, E, F, G H, |, PCOUSK03/040341

wherein the tenperature i s between -105C and -60C

preferably -80C M The proéess of any of paragraphs

A BC D E F G H I, J, or L, wherein the

process conprises an initiator greater than 30 ppm

materI(baseahupmmemaﬁQMybfpamgm@hsAhB QYQQEQE‘QIQHQCﬁQrK

any of taphs A,

o 1 et e taphek s e 1951 C-Amd 561G mrstably

of the |nverg0|°@n provi de chem cal and physi cal _

characteristics that make them highly useful in wde

vari e of Eh@procaismfmy oflperagfafphs Ae?r@,FDpE FtG H1,7, ?rL

ernmeabi it s accounts.for the |largest uses o
ItO hese poly mg ﬂ?ﬁ%ﬁoﬁeﬁsn??é‘?pr’(s%é‘g igHigtqr; %féater than 30 ppm

|nnerl|ners“@@hgﬁﬁaﬁgﬁgwﬂﬁg@§ghﬂes are also of
i mportance in air cushions, pneumatic springs, air

bel | o, acE@wmwdﬂ@ﬂH%@Q@dbyaﬂﬂOﬁnuagmpbuAJBaC D,E,F,G,H,
cl osur es. hﬁr&ﬁw stability of the polyners of the

i nvention nﬁge them1deal for rubber tire-curing

bl adders, high tenperature service hoses, and

elts for hot material handling. [00187] The
p&%ﬁé&gﬂgmgPL I6AJROMNS i ng and have uni quel y broad
danmpi ng and shock absorption ranges in both

tenperature and frequency. They are useful in nolded
ri@Bb84] par t Eheapdlyhiensi ofi the apgitlopapiovite bhbrﬁﬂéhloﬁﬁ@lﬂ}@'swal

t h t h ers, and body
e LG Rk e BohighE Soti in wic?qgv?gwahpf apRlieAtiansn The
aber dbgee lb?ef)éﬁnehﬁhb} rt@ ga%ésd%@uhﬁ fRdut ?gest uses of these

conpounds. Ih sid pol ymer c¢ arac ariSt
i IOhERers, Ig?@@fdbf @nmn Elhes snda tlmomrhncra.c Rl"hesﬁt sagreqwbj?ertleenate also

mers of .the. invention may al so be
a(&gﬁ%elgg&grlg &y ?1&31“%‘? rRIIHEBHC SPiEnETs 2tk hOWF gfwcamgw@r bags,
rand bptizdmbbeiticlx bloBites PhARE (BEAMEO NdbMkyt ¥f YA dlymers of the
excel | ent sidewal|s. |nprovenents
invention make them ideal for rubber tire-curing bladders, high temperature

service hoses, and conveyor belts for hot material handling.

[00187] The polymers exhibit high damping and have uniquely broad
damping and shock absorption ranges in both temperature and frequency. They
are useful in molded rubber parts and find wide applications in automobile

suspension bumpers, auto exhaust hangers, and body mounts.

[00188] The polymers of the instant invention are also useful in tire
sidewalls and tread compounds. In sidewalls, the polymer characteristics impart
good ozone resistance, crack cut growth, and appearance. The polymers of the
invention may also be blended. Properly formulated blends with high diene
rubbers that exhibit phase co-continuity yield excellent sidewalls. Improvements

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



in wet, snow, and ice skid resistances and in dry

traction without conprom ses in WO 2004/ 058835
WOCH49S&B83/ 040341 69 abrasi on resi stance andpPCoiuS20vg/040341

resi stance for high performance tires can be

acconpl i shed by using the pofgyners of the instant

i nvention. [00189] Blends of the polyners of the

invention with thernoplastic resins are used for

t BGHGN irBifstAcel ARE Qo1HATPRYBE ce bRt PSifbhance tlres can be

pol yet hyl ene and isotactic polypropyl ene are ofte

nisgPmpbghedibyusmgttbe polymersisfohe molagi wwenitopl ene. | n

certain applications, the instant pol yners provide for

a highly elastic conpound that is processable in

t j06189]p| ast Blend®blihethoderHén W Ake 1n-59ﬁt1cﬁp{vlftﬁ'&h§mﬂfp1§sﬂ§ resins

instant invention nmay_ al so be bl ended with pol yam des

t4gc p}}sé‘%l Jet tozhering nﬂ“ﬁi@m mmpqmém clétghcﬂ%lﬂt)[ (D’Qﬁ@t}lylﬂ’heand

pig{gltégflﬁf ol%ro%{}? d 5}%; ic Q&’ ﬁ@& W? Z3| (f]\év% g/% ﬁggﬁlﬁ‘{ggbgtylene

'I]lme:prta]melpphmms&hmins’aﬁt pcﬂymsﬁsl pid)\a&é foriarhighlb R®Istic compound
ft?lrrrul ations with butyl,  SBR, _and natural rubber In
Ale Ly PropesiR %ﬁ%.tbwalaym mAldRg eapimmEm. bl H@lymterﬁeyf the

ﬁ&ﬂﬁﬁn%ﬂu'aﬂ ntlagr al?l%,](f ?é glanefgd%’lth gbllyﬁudey&? rofihe gt!gl%xo industrial

w dely enpl oye ricants | spers nts an
pppticaigpns.and el ectrical cable filling materials.
[00191] In certain applications, the polynmers of the
i nvention make them also useful in chew ng-gum as

Vﬁbb ®s | N TRAPGRAMAPRS GR! LRt SHEERR ma also be used as

armaceuti cal stoppers, and the arts tor palnt
aglhpsyes, cpobg.oxplankse gl gleving ccomxmuptie sThaf hectlso useful as

SR o G B S o VRIS, e
Wﬁy [ Iﬂﬂ)ﬂ&@leﬂ'& €LPDPE®Idnaa] { tHéSlSmWE&ee cHﬁ% ftor §REbh-wrap

%,ass reaction vessels, equipped a tef
Upmsi dchey ireplse midsly smploye lgtlmhncghtafas d@ﬁnexsents bgadam potting

3&1&%{&{:}0 1@%?&ﬁpﬁ1g%a{té(na<i§' ven stirrer. The size and

S vessels is noted for each set of
exanples The head of the reactor included ports for

t ir shaft Jocoupl e and addi tion of
i[ﬁﬁﬁt or/ Bl‘i’?ftﬂnaflﬁ?ﬁw%t&nét thgrolynrere of dhe dmreniipr make them
also useful in chewing-gum, as well as in medical applications such as

pharmaceutical stoppers, and the arts for paint rollers.

[00192] The following examples reflect embodiments of the invention and

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

EXAMPLES

[00193] 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
cach set of examples. The head of the reactor included ports for the stir shaft,

thermocouple and addition of initiator/coinitiator solutions. The reactor was
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desired reaction tenperature, listed in the Tables, by
wOonmmenssssy the assenbled reactor into a pent aRETWIS2003/040341

i sohexane bath in the dry box. The tenperature of the

stirred hydrocarbon bath wag controlled to 2C Al

apparatus in liquid contact wwth the reaction nedi um

were dried at 120C and cooled in a nitrogen

844188 RNEIE &l Bifi0eSctidhBemparahiné, Y sesdein (tM ThBlsQ rbyoiimmersing the
ExxonMobi ') and nmethyl chloride (Air Products) were

dssbmib‘leﬂyqu@awsiin@ pheeens of Hpehsghng fethe i3 t1he frgshox.  The

steel colu cont ai.ni.n ar i oxi de °

e GEaoT G SEBFT dorBgedon Pl et ToRERIMENS 4, gec. A

é##a%tﬁ?tiﬂ Eﬁ{ﬁﬂ %dﬁ?atct‘)(ahﬂlcmeofeh&ﬁ)n\“ﬁi%dﬁh{ Qfdre BiledaIROL and
e gas through stainless steel colums containin

sboled aingel nitrspen netnesphare befowe siseBot lsobriylene a(Ma or

SR aStnE, sve ) S58% PR S et i S Fr B g
gﬂrxlaﬁé%}{ e gtmg]@gs, st BOI0mnR cHRbY ShafuaNExid b veht) condensed

over calciumhydride and distilled under .
wad vollectsANRAIqUids- ioHtho duy box | Altematinely hpefhahellpgye was dried

repared from 4, 4-tr.i pet hyl - . »
BRERRRSS) berh Grotids SRS P ROLERS; ool By el and
dhsibduldrast el Bot eRrialEheertChboddrded ahd cORMtqauaseliquidsoimkthe
solution was prepared by dissolving a desiraple,

dmpbox. sppremt (ldsichhwas yirigg ovey enlgigmy Bydeide. and distilled under

t j ' | 3 e .
GRS Carsly By e Bliditbey WS b0 (REEH A0S ol Fhsiled
Weaer u&gﬂmlas lgapel \(Mglold_ya;zlo@,nﬂmmdnmms) tvieat prepared from
remai ned _cl ou r [ | nsol Ci.pi
2t S oduesirenihet a2 Dyeplh Soldan oirdCLRLIENY iy e
nggﬁlag ﬁﬁﬁilyfgefﬁ%@grﬁf.gglg@?% edldRiRE, 9P8 PudY sBocklsbRiibH was

um num di c drich) were usedcas

It elrapabdissctving i desisable Tinese fHC gasris dpeMeCdite Adreve 2-3
pur chased. or pre ed_ fromthe neat alkylalum
docmonieion poneaRs THs b aagers d et POR g glear
%‘ﬁﬁcfrﬁﬁmﬂ#ﬁ% gi sPRLVipRE 1ERNQEBIcAPEN. COADaRMRbrochtbens that
the 11 quetied hydrofl uorocarbon at pol ynerization
trempeeadtdeelyaos had ivisield @mtolabler predipitatesiate@5YE iwarg regstilled
speed between 800 to 1000, rpm .The use of a pro ess(fgs N

chsfare aist-e drepans (ALY vsef iy TReRSI 4735 FREECSEHh ARE U

liquid. Alkylaluminum dichlorides (Aldrich) were used as hydrocarbon solutions.
These solutions were either purchased or prepared from the neat alkylaluminum

dichloride.

[00194]} The shurry 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



the stirring speed to within 5 rpm The
initiator/coinitiator solutions were prepared either
wonoda4vssdsydr of | uor ocar bon or, for conveni ence BET/US2003/040341
smal | -scal e experinents, in a small volune of nethyl
chloride. The initiator/coinytiator solutions were
prepared by dissolving the initiator into the dil uent
(specified in WD 2004/ 058835 PCT/ US2003/ 040341 71
cakh of hde ) AR Imitthd Na ] ¥ BE-sofhtibn®
sol ution of Xt gmal%kyl al un num %gf%li%% a'ﬁfg B8 sofhtibn ot he
i alkylabtnoinmmohatidei afler instidtartdodmitiates sukidn i wareakiedtiainyediately.
The initiator/.coinitiator splytion was added dropw se,
i R SARITIRIDE SO IO, s ftdsd dppripce i el mesettiogyusing a
PEHRES S14% . PR OPipkte/ or 2 obAGiedlyed: 5 QRRlNG eyl £
exanpl ;%s usin thg@SOO m °8| ass reagti on versoi)gﬁlg \Nr en of
acxpadesd using tthe rxXP0 mhiglasatisagtioni mésselat oWhedda tseamdi er third
specified.i.n the exanp|es, . refer to th
o Bt qotliean g Forpsifisd B iy Srmplesr avendefer for the
f prepiratioPr #idarditioh Nof i2Als8¢dn@0ioRi fhirdt BatcRObAir&Rly prepared
identical in volume and concentrations to the first
bigitistor/ cpitipiey splatipn Héemdighloin gelunieeand, bbroenisatiansctoethe first

h 51 rya ned .at .t he end. of
hetl o8 Bbfes? beh il ity Ao LB 98 PR R IR was
r dmaviingl kheéhestnd of hief tddition Pfdach Gatalyst Patchi By %ﬁ)pﬁd'rfghand
a chilled spatul a. Stir[in% was begun again and the
rERVINgnthg e hattiand Prebingeths darticlesnwish sDafikan Stirring
1 WGl @it ] i i
T Al Bl by TG QU chad ARKTHE aib of BRAHd Bhn 100
poicyoelgers pO0od&bindPol Yivavermiphesukaportedi gghtveeigheer gercent of the
det er m ned g%@i?c ﬁgSi ze Exclusion Chromat ography)
USPRYRES Rar PPIYMEE 2690 separations nodul e
equi pped with columm heaters and a Waters 410
differential refractoneter detector. Tetrahydrofuran
vi8198ed asPeyment molecwipy miveights35@ye wiatérmanaletbyofSEC  (Size

Styr | H col umm f 500. 10 2000,. 104
oo XA b, G Sy tens Rlbnds” B0, SePaitinds Figule
naafuéspietl atvithe c@binp BEatérs O Yl evgest angladigSrentidiMpéftdetimeter
Pol ymer Standards) was used to cal cul ate nol ecul ar

visteptars  Apaahydrofivanbues vied. asf doage(l mbminesSHo) withl aset of
V\Wal%rr]st §ty(r:§g%1 pli 9 ue E:o UG %g 58(51 1%%8,6500%55?04, 10° and 10%A pore size.

A calibration based on narrow molecular weight polyisobutylene standards

(American Polymer Standards) was used to calculate molecular weights and

distributions.

[00196] Polymer molecular weights can be determined on other SEC
instruments using different calibration and run protocols. The methodology 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.



instruments using different calibration and- run

prot ocol s. The net hodol ogy of SEC (al so know as GPC
wonro@assg3er neat i on chr omat ogr aphy) to charact ePCTAIS2003/040341

pol ymer nol ecul ar wei ghts has been reviewed i n many

publications. One such sourge is the review provided

by L.H Tung in Polynmer Yearbook, H -G Elias and R

A. Pethrick, Eds., Harwood Academ c Publishers, New

YPoh9711984, CBE®nomS3- MQrp i N wRCOIRLILES BY 'H-NMR

reference. WO 2004/ 05883%p PCT/ US2003/ 040341 72

[ IB¢eMhetComonbiMR  intresurpoenisi overasbitedr mk ned fleld  strength

" H NVR ect Y. asyr. ts were obtained
ot R J R or YN TR S5t g regsidapg: room
Megpedhthr&iVh SPEBituker WBFacd @IR] @fle@torh @8Msy$i@RPALiAL UCHCI,
on_a_ Bruker Avance NVR spectroneter system using 13

swilgitans 9E therpolyraerg o | Alhrelesnical shiftsiere eeferenped tosTMEBr e
referenced to TMS. [00198] A variety of NWVR nethods

have been used to characterize conononer

i jpOB9§Ior at i Anvariéty SefjINVIRe nehitlsddsi batd ®Rer Nuse@pP! YhEh&erize
Many of these nethods may be applicable to the
PUIHARSFET gRcqrppratipn aftsegiency drbytign in eppelzmers. wiany of
I @\ j i I t he

P HBLIS nEDN SPILAN. 1 I HSREROORR ifeh 1% genera
Peforeree Yeaclhoodvievid -t applicaiomndf RNMR Bpddonkry to the

Eds., . Harwood.Academ ¢ Puhlishers, ork, 1984,
GiciRgREY OF RERERE o Rp STHTEGOHyA Ralgmgh Ygabobk, H.-G.
[ 09599 Rhe. PEBSEN IRIsOHaARSEN B8a®imik PABLGRA, New York, 1984,
branching in the polymers was determned using triple
d@e%‘%ﬂ-b%l@@@il( Bicewomted bystefmender onat ogr aphy).  Triple
detection SEC was perfornmed on a Waters (M ford,
Massachusetts) 1500 chromatograph operated at 40C
eQoimed a Pliepiesined doebesiteos 1didethaiN 8RaBhing in the polymers
Massachusetts) PD2040 |ight scattering det ec%or, a

ivase geterminggd (isingn tripte xdgigctionpefel (e Rexalusiamwshromatography).

3 j ' t inde
T e DT I e
cahnrestb geph ropeedted at WOtd dqipped iagPtecki@i DRtdcREs (Bellingham,

detector being first, the visconetry detector second
aMasseetmseidn) tRIA2Q44: light scattering detectondex iskateke (Jdeustan, rtexas)

TﬁBHQhY%IQfHE&%e\f\@S dé't%&gr ERNL QeW%{elIJ? Wifferential refractive index

detector (integral with the 150C). The detectors were connected in series with the

light scattering detector being first, the viscometry detector second and the
differential refractive index detector third. Tetrahydrofuran was used as the eluent
(0.5 ml/min.) with a set of three Polymer Laboratories, Ltd. (Shropshire, United
Kingdom) 10 pm mixed-B/LS GPC columns. The instrument was calibrated
against 16 narrow polystyrene standards (Polymer Laboratories, Ltd.). Data was
acquired with TriSEC software (Viscotek) and imported into WaveMetric's Igor
Pro program (Lake Oswego, OR) for analysis. Linear polyisobutylene was used
to establish the relationship between the intrinsic viscosity [1]inear determined by
the viscometry detector) and the molecular weight (M, determined by the light
scattering detector). The relationship between [1]jinear and My, is expressed by the
Mark-Houwink equation.



(0.5 M/mn.) with a set of three Pol yner

Laboratories, Ltd. (Shropshire, United Kingdom 10 m
woiseds&3ES GPC col ums. The instrument was caPbPCbrab@d040341

agai nst 16 narrow pol ystyrene standards (Pol yner

Laboratories, Ltd.). Data wds acquired with Tri SEC

software (Viscotek) and inported into WaveMetric's

I gor Pro program (Lake Gswego, OR) for anal ysis.

Li near polyi sobutyl ene [ *sKMyt 0 establish the

rel ati onship between the intrinsic viscosit

f
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Ipfe.kéﬂdenefaﬂong IéM!mabl[aﬁdﬁﬂgl Qan%rﬁﬁl%e pamples n’dﬂah xbibit more

obt ned.fromt 3

S1eF }Cﬁg‘i ée‘i}?t’s?@o -eﬁglr %{‘ psc?rﬁggsrpgr%emg%ﬁc%nt long
IRYiRT G:8REhing g'f[fhcf: ' sﬁ:ﬁl"ﬁg Ayl 3t 1045 ihdiedted Rieviations from the
relati onship established for the |inear standards

idegioineé lingar relptiessbitce of | ong chai n branchi ng.
General ly, sanples which exhibit nore significant
deviation fromthe Ii r rel abﬂonshl p contain nore
significant long cha ws“B‘P%\ngh §"The scal i ng factor
g' also indicates deviations fromthe determ ned

l'i near relationship. [Tilsanpie - % [fIhlinear
(10028011 Thdheaklve obg i§defisedforhedess h@l Peequakte qng gpd greater

3 a(lgr %ﬁﬁgpoezgrgd flets eci‘lﬂf‘@r QbarfiA Qcﬂleal gglof/lﬁ% t‘rﬂei p\sél[‘ﬁﬂer is

hearTy equa 0 one,
Gonsiided edbd nd2e. Wineag' is SBeificgitlyi ].'esssuhgnn ohe,dba sdryple ésong
t han one, the sanple is |ong Lh bra hed. See
Ehpn brenched aSegrfel & CB%%SF%/af}dnégg FyHR
%&k%@g%lVﬁ;' (71 gaof G1atiglhnd. CABE%%@WE& @ergaﬁmhrm&s@ MNew

ess, New York Intrip
desrkc 19880 IiShEGhle aletgctios SEE), aud’ as edctlateddar hacdbad@éa sli¢ecef the

of the chr.omatographic .curve. A,viscosit

QR pBHG NG AR SDeA ceige 6 b Enoms o ¢y gh88 Botbss the

r@ﬁltl?&ﬁibﬁﬁul‘éﬁwg@n disettutiBH!t TRE scaling facéd &g, f BGaliulated from
vis.avg. is calculated from the average intrinsic

vths eosigeininsichéscosityppethe sample.
g'visave. = [n]avg./ (KMWa)

[00202] For the purposes of this invention, a polymer that is substantially
free of long chain branching is defined to be a polymer for which g'visave. is
determined to be greater than ot equal to 0.978, alternatively, greater than or equal
to 0.980, alternatively, greater than or equal to 0.985, alternatively, greater than or
equal to 0.990, alternatively, greater than or equal to 0.995, alternatively, greater
than or equal to 0.998, alternatively, greater than or equal to 0.999, as determined

by triple detection SEC as described herein.



91vis.avg. - I1ll1lavg. / (KMwa) [002021 For the

pur poses of this invention, a polyner that is
weubsioasassal |y free of |ong chain branchi ng i ecuaieoed40341

to be a polymer for which g'vis.avg. is determned to

be greater than or equal to7#.978, alternatively,

greater than or equal to 0.980, alternatively,

greater than or equal to 0.985, alternatively, greater

oUR03pr  eqysle 1t BstdRIGsull dfgjolabdricalivns @naaéted at Hano -95

or equal to 0.995, alternatively reater than or

&g un hydroflooeegpons ar@rmaﬂnvl/@ﬂwdagﬁ%ga Co) (Bxpapleot0)and propane

t s determn | e .det.ecti.on SEC
Eino Ll Rerarman Joua BRSPS MR asd for se
[e%ﬁ PRd T'Frﬁbb@ (’;chlo%-a Mlemh@t yiﬁ)b W UESY AT 8 iiRifStor in
conducted at - to - yd | uor ocar bons and
itleetst pkanghlesor i de (CH3C1) (Exarrpl e 10) and propane

(Exanmpl e 11) for conparison. A 100 ml glass mni-resin
kettl e was used for these exanples. TWMPCl

(2-chloro-2, 4, 4-trinet hyl papleatte) was used as an
initiator in these exanples. Table la Tenp. Yield

Conver si on M Mol % Exanple (C) Di Iuent (g) (VW @6 X

—3+0-3— MMM P—1—b—95 ui’?é_ Ve 2—27%
-93 CI—|2"IE§lJrl P8 83 305 [1 @Mé ﬂs@%n 311\4 99 24.8 0"
F29ifipB. 4 (ICB 4 DiBBNCHA3 (g)88) 4Wt Y800 4x@02 2 Mg/M, 95 IP
CH3CHH2 1.48( 373842125 1. 6—e—€—-95 CHICF3-

2.189 72. 195327 2CB:R.0 | 1.80- 95 CRRFCF3| 1.2p8 37.32384| 12

2.5 1.7 8 -95 CHF2CHH2 0. 8214101422323 O¢;

-95¢ CHF2@B3 0. 30HZ9. 3 (12R. 8 2.8 10 9ﬂ)5CI—EC13O 58 1.7

14.5 397 3 3113 11 -195 Propane 237059447+ 242-0
3 -90 CH,F, 0.99 24.8 297 34 1.5
4 -95 CHF; 1.88 47.1 390 4.6 2.2
5°¢ -95 CH;CHF, 1.48 37.3 842 2.5 1.4
6% 95 |- CH;CF; 2.89 72.1 327 2.3 2.0
7°¢ -95 CH,FCF; 1.48 373 384 2.5 1.7
8° -95 CHF,CHF, 0.82 41.0 142 2.3 2.3
9% ¢ -95 CHF,CF; 0.39 29.3 106 2.8 2.6
10 -90 CH;Cl 0.58 14.5 397 3.3 1.3
11 -95 Propane 2.37° 59.4 67 2.4 2.0

a: Except where noted polymerizations were run with 30 ml of diluent,

5.4 ml of isobutylene and 0.23 ml of isoprene (IP), initiator/coinitiator
solutions were prepéred 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

c: Two initiator/coinitiator batches added to the reactor



a: Except where noted polynerizations were run with 30

m of diluent, 5.4 m of isobutylene and 0.23 m of
wOo0rsss3s (I P), initiator/coinitiator sol uti ORETAWSRE3/040341

prepared in 1.3 m of nmethyl chloride using 1.6

mcroliters of TMPCl and 1175 mcroliters of a 1.0 M

hexane solution of nethylal um num dichl oride (MADC).

b: Three initiator/coinitiator batches added to the

geact ethylatumihwe dhivrided EADCaisad iri placr ofdiddies added to

the reactor WD 2004/ 058835 PCT/ US2003/040341 75 d:

et hy| saghemsnsicdrip 4P MO dEBeR) used in place of MADC

e: reaction scaled to 10 ml of diluent [00204]

Pol yneri zation in any of the hydrofluorocarbons

(60204} ed | Polyulebizatiorpardnyaifale hydrofldérdcarbensagitied in gubber

oaclaieS o oiann 35 Bl ok Pt 4 PR et e
Dhirfclesithatld?8 REdsurffie dPand Eﬁﬁiﬁ&yh&pﬁi@riﬁ@!&t@pﬁéﬂ. The particles

enced by pressing on themw th a chilled spatu
wies hinelsdseelidameat by eaessingront thepewithi e ehillesh sRatela; whan tspted

in methyl chloride sul t.ed. i n. rubhe AY :

acraR BB ReL ot i Sogy chREEE R téH Hubber

%_Qﬁfcies e dRaELA IEbAB theRhQoLWERY dnd thelbldeiny shifen The phxtidles
th a chilled spatul a when tested near react

i on .
tveemp eleartty rebberyovieneppbed wish aichillsd spaaia W@F%‘%@ nfgy rgaction
t wo- phase |.j qui d-1 i.qui. r t] The faqui
EEPEREET) ol lOof rrap R fsp g B AR BB RS RLLiquid
Wetibh Chhd denBéOftABE waExRANY eish 12 pelyinér HMOR0S tReSightes phase
for,.%ql yneri zations conducted at -50 to -55 C are
gvazatehilp Propgh¢-e 2. Exanpl es 13 and 14 are conparative
exanples. A 100 ml glass mni- resin kettle was used

for these exanples. TMPCI (2-chloro-2,4,4-

tExafpldsyl2pent ane) was used as an initiator in these
exanpl es. Table 2a Tenp. Yield Conversion Mv Exanpl e

(O Diluent (g) (W. % x 10"1 MMM Ml %IP

100205} 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. TMPCIl (2-chloro-2,4.4-

trimethylpentane) was used as an initiator in these examples.

Table 2°
. Temp. Yield | Conversion M,
Example O Diluent (2) (Wt. %) x10° | M,/M, | Mol% IP
12 -55 CHFY | 1.1 29.0 205 2.2 1.9
13 -50 CH;Cl 1.1 29.0 52 1.5 1.1
14 -55 Propane’ | 1.2 30.9 87 2.2 1.8
a: Polymerizations were run with 30 ml of diluent, 5.4 ml of isobutylene

and 0.23 ml of isoprene (IP), initiator/coinitiator solutions were



12 -55 CH2F2b 1.1 29.0 205 2.2 1.9 13 -50 CH3Cl 1.1

29.0 52 1.5 1.1 14 -55 Propaneb 1.2 30.9 87 2.2 1.8
wa20Roksgaser i zations were run with 30 ml of dil remtUsS203440341

m of isobutylene and 0.23 ml of isoprene (IP),

initiator/coinitiator solutigns were WO 2004/ 058835

PCT/ US2003/ 040341 76 prepared in 1.3 m of nethyl

chl ori de usi ng 1.6 mcroliters of TMPCl and 11.5

m o Ol bekli2a O 13 it o MEREHAS AU PB rbroliters of TMPCI

met hyl mndm- l"ori

i ni ti admr 1 Coinfictoliedro bf bat @ v bexah@desdlitiont dfamethpatumninum
[ 00206]. The pol ynerization in difluoronethane gave
rubberdigllptifel es that  exhibited stiff-rubbery

ly's ' %o %lﬂ?l%}:/t:d)lﬁﬁla% bﬁféhgsed}ﬁgg tPhe Qé&%rn gwth a

il led spatu reaction tenperature. M nor
am)unts of fouling were evident on the reactor wal | s

irring shaft. In.co rison, the o rizati
W "B B g ogieae F gritgies that
PILYHIRY SBE ﬁ@%ﬁtﬂﬁ?s&ﬁ&}ﬁéﬁmwsl Sidided BE prothd Wltﬁgt chilled

shaft. Very 1|1 of t'he polynmer was "suspen
tdpetudd husmattione timperatur®h éViproo pamemtsasiefoubiog yvaze |emlf:nfoonn the

experinment di,d_ not preC|abI iffere .t han

OB Tl gceiiie shat  REasont e peilizatibl W apertyt
acﬂﬂ&ﬁd%ﬁesﬁlfbdhﬁ a v1§c6a§édytm% HPBoKa1RS 8fi bBIARE réMRfor iR ahd the
pol ymer and the |ighter ase rich in (Sropane The

pBiringphdth Ve 1&tle§éﬁ@@céym@mwaqo reopeendedi inbe dilygpd medium.

P REPRET b oF PR Bkl DLAR b A diffeent

Tiabh %eﬁrdnl zﬁt-95°t(|ﬂ€1“z[b$§lu| Eg leFlQbyrIRﬁd pRdstORRres bt 66l the
at -95 Cin_hydrofluorocar met hyl chl ori

bieacios. Theldamsen plgsessaspiieh in @Qimnerremdl ﬂaewb@terupwe flgph in

&‘8@%{ or oﬂg Pﬁg’Hl ;1[ ?T%?t %refeélgﬁtogﬁlé propane diluent was considerably
| lobd vigdok than thépslemex foiipké én thE alidteylIhldc@levad.si on My

Examples 15 - 21

[00207] Table 3 lists the results of polymerizations conducted at -95 °C in
hydrofluorocarbon / methyl chloride blends. A 100 ml glass mini-resin kettle was
used for these examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was used as an

initiator in these examples.

Table 3°

Conversion| M,

Example Diluents Vol % | Yield (g) | (Wt. %) | X10° | M, /M, | Mol% IP

15 CH;CI/CH,FCF; | 95/5 297 74.0 234 3.5 1.2

16 CH3Cl/CH,FCF5 | 90/10 1.90 47.0 600 2.9 1.6

17 CH;Cl/CH,FCF; | 85/15 2.58 64.0 435 2.5 1.3




Exanple Diluents Vol %Yield (g) (W. % X 10"3 MW M
Mol % | P 15 CH3Cl/ CH2FCF3 95/5 2.97 74.0 234 3.5 1.2

wa @335 CH2FCF3 90/ 10 1.90 47.0 600 2.9 1.6 PAT/US2003/040341
CH3C1/ CH2FCF3 85/15 2.58 64.0 435 2.5 1.3 WO
2004/ 058835 PCT/ US2003/ 040344 77 18 CH3Cl/ CH2FCF3
85/15 1.83 46.0 570 2.5 T 1.7 19 CH3Cl/CH2FCF3 80/ 20
1.85 46.6 285 2.7 1.5 20 CH3Cl/CH2F2 80/20 3.22 80.0

158 e TR bl o & vk | 17

di] tytene—and—6723
\rllrl J)? %@Tﬁ YI(FIC%)G W’ﬁot atlgﬁ/col Irﬁ?ﬁoﬁ?;t r28%_o utvons 1.5

A

er ed 1n 2.6 m_of nernyl chtorrgeusting—3:
c?%l %b gléqEHlfI&/P(,lgoé%@d 238 nmcrfPters3F @ 320(M 1.9

g

(D

V]
n

Hex so tion of [erhyarunm munr di chofde—(EADS—b:
et 2& a O G 1 8920 EMADC) udkdl i psi®ad o7 2.2

et hylal um num—di chioride (EADC) Exanptes—22—=25
[00208] Results for polynerizations conducted at -55 C
ae gi pi whatghiaged golymenzdiming vesse ofn with 30 ml of diluent, 5.4

initi r/c:0|n|t|ator ti pns were us f aor. each
exanplaﬁello OA 159 @5# F‘&e’ﬁ?ﬁ’i‘eﬁ%t(ﬁﬁe vBidiateg/gginitiator
for t h;aﬁmoﬁxwwé ﬁl%pafEMﬁCQ (At 691 chloride using 3.2 microliters
2,4, 4- trlmeth | pent ane) was used as$ an 1 nitiator

t hese UxdMPEl . amiaBBd snicditerer of on M)y Mexherahe solut1on of

D|| 0 XlOBM/M' Mol % | P
ue%ﬂ%ﬁé’%%@ e ERDC 72010 O A

CBH3CI IRk BN 8] QicRlRkle 7(7MZ\D?? Bsell Znﬁeadz‘@)f ethylaluminum

Cl_BCl/déCng §3 80/20237 62.2 1.9 2.

CH3Cl / 2.38 62.5 88 2.0 2.2

Examples 22 - 25

[00208] 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 A-trimethylpentane) was used as an initiator in these examples.

Table 4°

Conversion| M,,
Example Diluents | Vol% |Yield (g)| (Wt. %) | X10° | M,/M, |Mol% IP

22 |CH3Cl/CH,FCFs5| 90/10 | 2.35 61.7 84 1.7 22
23 CH3C1/CH2FCF3 85/15 1 2.96 71.7 77 2.2 2.2
24 |CH3Cl/CH,FCF;| 80/20 | 2.37 62.2 82 1.9 2.0

25 |CH;Cl/CH,FCF;| 75125 | 2.38 62.5 88 2.0 2.2




WO 2004/ 058835 PCT/ US2003/ 040341 78 a:

Pol ynmeri zations were run with 30 ml of diluent, 5.4 m
wohoi4psgssyl ene and 0.23 m of isoprene (1P), PCT/US2003/040341

initiator/coinitiator solutions were prepared in 1.3

m of nmethyl chloride using 86 mcroliters of TMPCL

and 11.5 mcroliters of a 1.0 M hexane sol ution of

nmet hyl al umi num di chl ori de (MADC). Exanple 26 [00209] A

pal y mePolgatiigations sveeOnmuite 80 wiltof diteédtp3 wahlof i8ebltylene and

dichloride at -95C. The initiator/coinitiator solution

was prepard@f Bpreeans dBDyingiptor(sountigipr yodwtiqns veerg prepared in 1.3

anhydr [ y ol

oty ar oy BeimE bl hdeés§ leders LA G LS migrgicers
23 m cofal 1.0 M hexzieaolitiOn ofmiethyladwhinuiodichioride (MADC).

et hyl al um num di chl oride 'in pentane. This sol ution was
stirred for 10 m nutes. A second sol ution was

PELRRIIEdei N the same way. To each solution, 3.2
mcroliters of 2-chloro-2,4,4-trinethyl pentane was

added with stirring and cool ed -95C. Both sol utions

dded dro set t he atlo sol t|o
A2 | R -‘(fb‘sft‘% fon | e rﬁl"{j acWithi {pethegyaminum
K@ERIbRde ¥ED5USEdhE Qﬁltﬂéﬂ)‘r/‘éoﬁﬁ%ﬁ}l S%luot/l(;gﬁ 't\’\/l*/e?s Iﬁ')e(ﬁﬁ]f_gﬁrgm Sﬁ/?lvmg

Diluent Yield (g) Conversion (W
Mb33%o Hﬁbrolii@rmF@ﬁBycﬁoﬁsl B6th2dd 206 2.6 mExafipligi®71,1,1,2-

b| 6.1 | f |
Bemteriae erade C oottt auhan S Bened P UmgOGE & 10
OﬁlollL Solhtidn BFE&?]‘ahHﬁﬁlﬁﬁf (ﬁl@ﬁr}ﬁrl@%‘ﬁ oﬂﬁnu e, ed 'f@%ﬁﬁ?&rt}?&e stirred

his run was made wth 30
|£'¢>oti@t minmtes, AO0s6ndrisobition swasr preparaddnubedame way. To each

in'tiat coi ni,.tiato ol ti n repared in 2.

3% SPHCTRAIGHS | By ?- [ ‘F rfrg?fiw@ﬁnfmcxasaﬁéded with
?s?%n@n &iokbdied s-g3bca 1pQpM 8
PCT/ &?2003, LT % h}g;&gngb’}?gl&gfﬁgﬁé ?‘ﬁﬁ’d dropwise to the
nstlyyéridation solutidn efithoz ichidled WEBE}. . A 1000nhklagd ass-wiinikettle

was used for this example.

Table 5

Example, Diluent | Yield (g) |Conversion (Wt. %)| M, x 10~ M,/M, | Mol% IP

26 CH,FCF; 2.61 65 248 2.6 2.6
Example 27
[00210] Table 6 lists the results of a polymerization conducted at -95°C

conducted in an 85/15 (V/V) blend of 1,1,1,2-tetrafluoroethane and 1,1-
difluoroethane. This run was made with 30 ml of diluent, 5.4 ml of isobutylene,
0.26 ml of isoprene and used a initiator/coinitiator solution prepared in 2.6 ml

methyl chloride using 3.2 microliters of TMPCI and 32.0 microliters of a 1.0 M




resin kettle was used for this exanple. Table 6

Conversion MV Exanple Yield (g0 (W. %9 X 10"3 MMM,

wORbeLHos#83527 0.28 7 772 2.8 1.8 Exanpl es 28 - P81/US2003/040341

[002111 Table 7 lists the results of polynerizations

that were conducted at - 95® i n hydrofl uorocarbons and

a bl end of a hydrofluorocarbon and nethyl chloride

usi ng p-nmethyl styrene (pMs) as a conononer. A 100 m

Eéyéh%é sBlufibn o€ Theth 2yliﬂﬁfrﬁl|uﬁn \ThlosRAMAD) hes & 00 xaNPlagsSmini-
téz chloro-2,4,4-trinmethyl pentane) was used as

msmlm ¢ wapwsefl fonthissxamplerpl es. Table 7a  Conver si on

MV Exanpl e Diluent Yield (g) (W. %9 X 10-3 Mv Mh Mol %

pMs 28 CH2FCF3 1.37 33 322 3.2 2.1 29 CH3Cl/ CHZFCF3

0.96 23 762 4.2 2.2 80/2QaWN &0b CH2FCF3 3. 81 92 160

3.3 3.6 31b,c CH2FCF3 1.18 28 278 3.2 1.8 a: Except

wher e not ed poI yrrerlzatlons were run with 30 nl of

di | yent—5141d fi '(fb‘ﬂv&'s% (N[Tu O34 —Tt—of

p- met'hyl styrene, ‘iinitiator co ni |ator solytions wefe

pr epdixewpler} Yelé (a1 of(Weetlyl (cRX & d M@(Mmg SMZI%

m creHters—of—HyPe—and—23—m—ecrof+ters—of—a 1 0—M
hexdne 290l |t i @28 of et hyl al unfi n( di hl 88i de (EA@C).
WO 20041058835 PCH-US2003/-040341—80-b—326

mcroliters of a 1.0 M hexane sol ution of
@txglylbﬁjsgm_gmm dichloride was used instead of the
anount noted in (a) above. c: 1.6 mcroliters of
2-chl or o- 2- net hyl propane used in place of the TMPC

[00211] Table 7 lists the results of polymerizations that were conducted at -
95°C in hydrofluorocarbons and a blend of a hydrofluorocarbon and methyl
chloride using p-methylstyrene (pMS) as a comonomer. A 100 ml glass mini-resin
kettle was used for these examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was

used as an initiator in these examples.

Table 7*
4 Conversion M, :
Example Diluent - |Yield (g)| (Wt %) X10° | M/M, |Mol% pMS

28 CH,FCF, 1.37 33 322 3.2 2.1

CH;CI/CH,FCF, 62 49 29
29 80/20 V/V 0.96 23 7 . .
30° CH,FCF; 3.81 92 160 3.3 3.6
31b¢ CH,FCF; 1.18 28 278 32 1.8
a: Except where noted polymerizations were run with 30 ml of diluent, 5.4

ml of isobutylene and 0.34 ml of p-methylstyrene, initiator/coinitiator
solutions were prepared in 2.6 ml of methyl chloride using 3.2 microliters
of TMPCl and 23.0 microliters of a 1.0 M hexane solution of
ethylaluminum dichloride (EADC).




used in (a). [00212] Polynerization in any of the

diluents of Table 7 resulted in rubber particles that
wdi2ab4rvsgs3adhere to the walls of the reactor or PCo/UShE®3/040341

stirring shaft. The particles floated to the surface

of the liquid when stirring gjopped. Wen tested near

the reaction tenperature, the particles were hard as

evi denced by pressing on themwth a chilled spatul a.

Exanpl 85 039icro1dds oqull.é]M-ll:%Qluga &1bdi S Etﬂgla éﬁﬁiH{utnSdiglfdoride

pol ymeri zations that were conducted at - 95C in

hydr of Wae nexlainiteabofdheametrtylotecthih ¢a) abevé.or conpari son.

Exanpl 36 and 37 are c rati ve exanples. A

tfir e6- hERIGEHER olgt-Ggror SRebHPRRES sed I ldce Helbg TMPCI
exanpl ﬁ&diﬁgé)‘?f to each polynerization, 300 nm of

mononer fee containing 10 wt % of nononers were

charged into the chilled reactor. The

I ok st Or/ cgipitiator nolar rati S roglle t
U221 o P Btk P et B ot oG PAE f g il puober
Mp&eticled ftent AR AdtakiREre GO HR WAIRL sTrthS Rdabior @R toMhe sBEERGshaft. The
dropwi se to the polynerization m xture and the rate

opartiglgs tlogiedits the purfask (ofdhe Hqwidorhensstinane soppechalVhendested
; | ' d 4c T ,
r ﬁ@a?ttl?é Ig%%ﬁl{eﬁiﬁjg{ag}r%%hg ﬁargﬂc tS Q\%tre ﬁ%frﬁeag cV1 %‘%Cc?éigb%'l }I),]ressmg on

anoun coinitrator solutton a

edeh dhantddkdepatilae desi red nonomer conversion
target. Table 8a Conversion Mh Mv Exanpl e Di | uent

(W. % x 10-3 x 10-3 MMM Ml %I P 32 CH2FCF3 65 315
6g§mﬁ R 2223 33 CH2FCF3 94 213 489 2.3 3.0 WO

2004 %5% 3 CT/ US2003/ 040341 81 34 CH3CHF2 55 414
813 2.0 1.3 35 CH3CHF2 100 197 558 2.8 1.8 36 CH3C1

Sﬁmﬂ?] 628 Ef'agle % l?sts tﬁg rf%'l_l?tsc g)'f gglyr]h%gza@[ljbgs t 'a§ W2ei‘e4conducted 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 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 8*

Conversion M, M,,
Example | Diluent (Wt. %) x10° | x10° | My/M, | Mol% IP

32 CH,FCF; 65 315 626 2.0 2.7

33 CH,FCF; 94 213 489 23 3.0
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polymer slurry particles made in both CH,FCF; and CH;CHF, appeared to be
significantly less sticky during handling than the polymer slurry particles made in

MeCl under similar conditions.
Examples 38-44

[00215] Table 9 lists the results of copolymerizations of isobutylene and p-
methylstyrene that were conducted at -95°C in hydrofluorocarbons and methyl
chloride for comparison. Examples 41 and 42 are comparative examples. A
three-neck 500 ml glass reactor was used for these examples. Prior to each
polymerization, 300 ml of monomer feed containing 10 wt% of monomers were
charged into the chilled reactor. The initiator/coinitiator molar ratio was
controlled at 1/3 and the concentration was set at 0.1 wt% EADC in MeCl. The

initiator/coinitiator solution was added dropwise to the polymerization mixture



Conversion M' MN Exanple Diluent (W.

10-3 MW

Ml

% x 10"3 x

Mol e% pM5 38 CHF2CF3 22 91 298 3.3 4.3 39
wQabROES3S7 89 291 3.3 4.4 40 CHF2CF3 98 74 2#4TRS3003/040341

4.6 41 CH3CHF2 56 188 1,091 5.8 4.1 42 CH3CHF2 100
169 908 5.4 4.9 43 CH3Cl 5% 97 443 4.6 3.8 44 CH3C1

69 94 342 3.6 4.0 a:

i sobut yl ene/ p- net hyl styrene nol ar feed
EQDRL 6dte DhedENSITR ®atrblledhiauch 8 dayrentiar dlegeidiattempéragre

an EADC/

HC1

ratio
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ot i o

)
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ol 11 vy - oOLID + 1
St Ty TPal T CTesahiVeld JI—_JNFU[J d wl U UB.
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2D 06 88 IBluP@T/ (USBH0 3404034107 83 x@QanpMgMy 5 Mple® pMS
0021+ A—Tabte—10t+sts—the—+esutts—of
cop®® ymgr CHBiGFens of 23 soblit yIOéne/|p-2%98et hyl3% yrene 4Ad
Fsebutyrenef+so -wetre—cgnducteg—at—9pC 1 —an
80/ 2D i KHEGF; (jpy vBT ume) ofR9CHAFCEI apd THICHF2. 4A
Hhree—naek—560 gHass—teactor—was—usgo—for—fthese
exafpl ed. CRFiGFx {to e2&h pol yméri zat?4dn, | 3003 ml | of 4.6
rererer—eed—eontatni Yot rononers—were
chat#ped |i GH&He| chi f§ ed |reddk or|. 1IPAE 5.8 4.1
+Hr-Hatgreetrttator—metar—+atigwas—cpntrottpepd—at—
1/ 342and |t G8:;CHF, 100 169 908 4 4.9

43 CH;Cl 57 97 443 4.6 3.8

44 CH;Cl 69 94 342 3.6 4.0
a: Polymerizations were run with an isobutylene/p-methylstyrene molar feed

ratio of 90/10

[00216] The examples in Table 9 demonstrate that using an EADC/HCI

initiator system in a CH,FCF; diluent, the production of isobutylene-PMS
copolymers with comparable molecular weights to copolymers produced in a
MeCl diluent.

exhibit much higher molecular weights. The pMS incorporation in the copolymer

Isobutylene/p-methylstyrene copolymers prepared in CH3CHF,

is significantly higher in CH,FCF; than in MeCl using the same monomer feed
composition under similar reaction conditions. In addition, the polymer slurry
particles in CH,FCF5 appears to be significantly less sticky in CH,FCF; than in
MeCl.
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Table 10
Conversion M, M,

Example ‘Comonomer (Wt. %) x10? x 107 M.,/ M,
45° Isoprene 87 309 676 22
46° pMS 76 449 1,048 2.3
47° pMS 100 349 1,166 3.3

a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of
95/5

b: Polymerizations were run with an isobutylene/p-methylstyrene molar feed
ratio of 90/10

[00218] Table 10 demonstrates the production of high molecular weight

isobutylene-isoprene copolymers and isobutylene-pMS copolymers using an
EADC/HCI initiator system in a mixture of CH,FCF3; and CH3;CHF, as the
polymerization diluent. The polymer slurry particles in the CH,FCF3/C3CHF,



earth magnetic stir bars. Mnoner solutions were
prepared in the test tubes at the desired
woeopassi3sire, which is identified in the paragpraphs2003/040341

bel ow, by conmbining 20 m of the liquid diluent, 5 m
of liquid isobutylene and egpugh |iquid conmononer to
achi eve a 3 nol % conononer feed. Polynerization
solutions were magnetically stirred at the identified
Lgiaﬂﬁﬁermrﬁtrae S ho-§tiRiRds Mypehi@ce & Bwpwe CHFCF; or
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(0$1:0%Fa ddhérdtidestripbdslaovePast eur pi pette. Conversion is
reported as wei ght percent of the nononers converted
to polynmer. [00221] Table 11 lists the results of
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when tested near reaction tenperature. Polynerization
iWW@?WPP@Wi de resulted in rubber particles that
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shaft. Table 11 Yield Conv. MN nol %
[00221] Table 11 lists the results of polymerizations that were conducted at

-95°C either in methyl chloride (as a comparative, examples 48, 49, 50, 57, 58, 59,
66, 67, and 68), 1,1,1,2-tetrafluoroethane or 1,1-difluoroethane. Isobutylene was
copolymerized with either p-t-butylstyrene (t-BuS) (0.36 ml per run), indene (Ind)
(0.23 ml per run) or B-pinene (BP) (0.31 ml per run) as indicated in Table 18. A
stock solution of ethylaluminum dichloride (EADC) and hydrogen chloride (HCI)
was prepared in methyl chloride by adding 0.320 ml of a 1.0 mol/L HCI solution
in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0 mol/L ethylaluminum dichloride
solution in hexane to 100 m! of methyl chloride. Polymerizations were run by
adding, dropwise, 1.5 ml of this stock EADC/HCI solution to the stirred monomer
solutions. Polymerizations were terminated with the addition of 0.2 ml of

methanol. Polymerization in any of the hydrofluorocarbons resulted in rubber



Exanple Diluent CoM (nmg) (W. % x 10"3 CoM 48 CH3Cl
t-BuS 496 12.8 139 2.5 1.4 49 CH3Cl t-BuS 384 9.6 130
W@ 200425883550 CH3C t-BuS 485 12.6 112 2.2 1.5 PEL/US2003/040341

CH2FCF3 t-BuS 345 8.9 128 2.0 2.0 52 CH2FCF3 t-BuS

249 6.4 128 2.0 1.6 53 CH2ELF3 t-BuS 295 7.6 119 1.9

1.9 54 CH3CHF2 t-BuS 325 8.4 297 2.7 1.8 55 CH3CHF2

t-BuS 433 11.2 217 2.6 2.3 56 CH3CHF2 t-BuS 333 8.6
adiERGo thE‘ raBd Bf heOreB&ior 0P tolthe stifrthgbdd Clhe

?%g°%§gha}1d§d?§t7 1.7 1.3 59 CH3CL Ind 130 3.4 103 2.3

@amcleﬁmoadaﬁ@me smﬂacg@fghesbqlad yeenzstipring goppet.- CHarpgrgcles

Ind 9 101.2.1 2.4 6 3
b bai3 o5 G dcge b atisSing o1 855 S et Stila Jihed tested
gb%(?é'&&mmg é3nfel Pb%&léhzandn 8 nfeBhyCHBIOHAR résulled 26 rubber
146 2.3 1.9 WD 2004/ 058835 PCT/ US2003/ 040341 86
p6rticds iat adierad hath thezeacrortyallsgind thesstirepgehalt 3p 406
10.6 20.5 1.1 7.8 68 CH3CL RP 235 6.2 17.6 1.0 8.9

69 CH2FCF3 RP 644 17.7 29,1.55 égé 9.4 70 CH2FCF3 13P
833 22.1 39.7 1.4 8.1 71 3 (3P 610 16.2 37.0
1.4 8.5 [00222] Table 12 lists the results _of

pol yner i zat| ons that werpYadfAduct@®at |- Bbc &ither ifmol%
;ﬁ{:a%l’ 3 llue‘:jnet (jaScRvE O Mg | V%yt.%ﬁamﬂ)?fﬂ'y Z’MZ@II“;‘ CoM
48 CH3C1 t-BuS 496 12.8 139 2.5 1.4
49 CH;Cl1 t-BuS 384 9.6 130 2.3 2.4
50 CH;Cl t-BuS 485 12.6 112 2.2 1.5
51 CH,FCF; t-BuS 345 8.9 128 2.0 2.0
52 CH,FCF; t-BuS 249 6.4 128 2.0 1.6
53 CH,FCF; t-BuS 295 7.6 119 1.9 1.9
54 CH;CHF, | t-BuS 325 8.4 297 2.7 1.8
55 CH;CHF, | t-BuS 433 11.2 217 2.6 2.3
56 CH;CHF, | t-BuS 333 8.6 303 2.7 1.8
57 CH3Cl Ind 375 9.9 68 2.2 1.2
58 CH;Cl Ind 179 4.7 117 1.7 1.3
59 CH;Cl Ind 130 34 103 2.3 1.1
60 CH,FCF; Ind 2279 60.8 131 2.2 2.3
61 CH,FCF3 Ind 1199 31.9 101 2.1 2.4
62 CH,FCF3 Ind 2299 61.3 116 2.2 2.0
63 CH3;CHEF, Ind 323 14.0 141 2.3 1.8
64 CH;3;CHF; Ind 243 9.1 138 2.3 1.8
65 CH3;CHF, Ind 526 8.6 146 2.3 1.9




and 83), 1,1,1,2-tetrafl uoroethane or

1, 1-di fl uoroet hane. |sobutyl ene was copol ynerized
wonzody/ossgsher p-t-butyl styrene (t-BuS) (0.36 nl POBMUSLOBN40341

or indene (Ind) (0.23 m per run) as indicated in
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1.0 nol solution I]n J1,2- Tetrfat] uor pet hane
anQ“SI.) ao?iﬁ a 188 I/“’é2 hyllaﬂ m rJun%QJI chl okYde] 83

SOl utTo T hexane to 100 m UT' methyh—<htoride:
Pol&/nrer i|za€Hefels Wwer 8Pr un BPOaddi n1906 driop-3e| 1.6 m 7.8

£+ L Le_ AN LI | +3 +hp H -J.mnn
—-of —tntsstock—THEADGHE—Ssorut+—on—to—the st Fref—hphoher

soladt i ons EKeElpt | f opPexamBés |72, 623, 74,1784, |821.083] 8.9
and-87—n-exanples 72 173, rA_ 81 82 83 and 87

2. 3om Q)fcﬁmgl—m (] uti'@mwas uBEd. FolmrLzatnons 0.4
were tenm nated L hae addiflion of O m_o

metfpanol| . cROFREN | z@pl on igyzany ofy jthe 397

. ) X 1.4 8.1
hydr of | yor ocar bohs esulted in rubber particles that

di d;;not wall | q)ft realct Lt t he
oyt et Tip e g, o eoradkioryof T

stirring lloated“to |t e “sufface of
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gg%fﬁgg%?tthggeu %@%§6é%§50f3a91 (2) nr}ol/L ethglaluglm?r_nlz dl:l((l:l‘ll:lgl‘lae E(ﬂl?tlon
in hexane to 100 ml of methyl chloride. Polymerizations were run by adding,
dropwise, 1.5 ml of this stock EADC/HCI solution to the stirred monomer
solutions except for examples 72, 73, 74, 81, 82, 83 and 87. In examples 72, 73,
74, 81, 82, 83, and 87, 2.3 ml of EADC/HCI solution was used. Polymerizations
were terminated with the addition of 0.2 ml of methanol. Polymerization in any of
the hydrofluorocarbons resulted in rubber particles that did not adhere to the walls
of the reactor or to the stirring bar. The particles floated to the surface of the liquid
when stirring stopped. The particles were much more stiff, as evidenced by
pressing on them with a chilled spatula when tested near reaction temperature,
than with the methyl chloride prepared examples. Polymerization in methyl
chloride resulted in rubber particles that adhered to both the reactor walls and the

stirring shaft.



78 CH3CHF2 t-BuS 651 16.9 68.1 1.7 4.4 79 CH3CHF2
t-BuS 733 19.0 71.9 1.6 4.1 80 CH3CHF2 t-BuS 440 11.4
wW@Qo@®/0588852. 8 81 CH3Cl Ind 704 18.6 49.9 1.4 RCO/USBD3/040341
CH3Cl Ind 645 17.1 34.1 1.4 1.4 83 CH3Cl Ind 319 8.4
44,6 1.4 1.1 84 CH2FCF3 IndgA24 11.3 36.7 1.4 1.7 85
CH2FCF3 Ind 464 12.4 37.9 1.4 2.0 86 CH2FCF3 Ind 496
13.2 40.8 1.5 1.9 87 CH3CHF2 Ind 328 8.7 40.8 1.5 1.4
88 CH3CHF2 Ind 338 9.0 42.%hpfe p21. 3 [00223] Table 13
Ilsts t he results of pol yITET"I"Z'HI'IOHS that were
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82 CH;CI Ind 645 17.1 34.1 14 1.4
83 CH;Cl Ind 319 8.4 44.6 14 1.1
84 CH,FCF5 Ind 424 11.3 36.7 1.4 1.7
85 CH,FCF; Ind 464 124 37.9 1.4 2.0
86 CHLFCF; Ind 496 13.2 40.8 1.5 1.9
87 CH;CHF, Ind 328 8.7 40.8 1.5 1.4
88 CH3;CHF, Ind 338 9.0 42.9 1.5 1.3
[00223] Table 13 lists the results of polymerizations that were conducted at

-95°C in a 20 wt.% blend of 1,1-difluoroethane in 1,1,1,2-tetrafluoroethane.
Isobutylene was copolymerized with one of the following comonomers or
comonomer pairs as indicated in Table 13: isoprene (IP) (0.20 ml per run), p-
methylstyrene (pMS) (0.26 ml per run), p-t-butylstyrene (t-BuS) (0.36 ml per run),
indene (Ind) (0.23 ml per run), B-pinene (BP) (0.31 ml per run) or a 50/50 mol/mol
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pthBLa@mmrrww@l@m solgtion gn hygane g d 09l 90f8 Hzﬁ@zfﬁz‘sfﬂorlde

Belmslahaois din bt e A 4E1 i rgiskaDqC

Q8lutiog tel e stibred @EnoOnZer Jolutibns, 3Ot ridr 208nHeH59B 190, 204, 101,
195, n. 1030, oxoumnls Vo 20 103656 1l of BABC G SBfipRvas
384, 8rék e@(%?np%esgl(ﬁ; 483 Ind 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
L Yield [ Conv. | My . |- mol%
Example CoM mg) | %) | x10° | MM, | CoM
90 | |1147| 311 53 | 20 19
90 P 2061 | 559 628 1.8 2.0
91 1P 2382 | 646 276 | 20 22
92 pMS 654 173 782 | 3.4 2.8
03 pMS 722 19.1 624 | 3.0 2.8
94 pMS 795 | 210 665 3.0 27
95 +BuS | 411 10.6 304 | 20 1.6
9 ~BuS | 389 9.8 252 | 21 1.9
97 +BuS | 445 115 241 2.1 1.9




105 I P/ pMS 423 11.3 699 1.8 0.67/1.5 106 |IP/ pMs 361

9.7 989 2.1 0.71/1.5 [00224] Table 14 lists the
woesulosssssf copol yneri zation of isobutyl ene an8CT/US2003/040341

but adi ene (0.15 nl per run) that were conducted at

-95C in nethyl chloride (asg@a conparative, exanples

107 and 108), 1,1,1, 2-tetrafl uoroethane,

Il,ﬁl- di fl uoroethane or a 20 w. % bl end

( CH2ZFCF3)of 1, I-diftuorgethane [n I, 1, 2
tet9%f | Jroetlidne. |A16Pock sbitutidn ef3et hylz}ipunkurﬂ'3
eht-ortgde—(EADS)—tand—iydrogerm—ghtor i de|{ ACL) S
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Poltpneri|zati gps wer €34un by3ifie addilfg, dropdise, 13.8
m_of this stock |[FADC/H solutilon to-the stirnred

L VA

nongper sol ugpons.| Bgkyireri g@gi ons worde |tetd nat eds.4
wth the addltion jof 0.2 nl of mnethanol

PoI1 rijgati Ep i n lamygqof| they 4hydr ofdswor ocar gons 8.8
resulted i n rubber| parti|cles that| did not| adhere to

the wallls er tar o, 4o the i rringgbar.
par]tq\ﬁ?gl els gi)@’&}({‘gd t?ﬁhe surgféace of (f%t%e qugigd \Aﬁgﬁﬁj
Stirringl st . [The pdrti s were. pard as qevild
by ess nds&ﬁ‘ighem% tih a?{:ﬁi 'l ed g at yl aivf\gher %WP"S

ested near_reactipn ienperature.| Polymnmerii zation i
met W chi dPiIRMSr e uﬁled i n”rubbe ti dl eélt hdt o115
adtreredto bottr the Teactor walTs and the stirring
ﬁ@ﬁiiﬂ The paly ’I‘Erlﬁtéh{h%trﬁgﬂﬂsflﬁ%ﬁbﬁyﬁe‘hzﬁm b §98utylene and

ol'ecul ar weights that were higher than the excl usion

| hutdierf (Ot15eniSkE rimsthat wrera tcondueted ar 956t armethg] cileride (as a

e e O aTas S LISSE PRLNTEES, L feoane
2{%’ GCY AL e 'bfé%t ﬁtﬁ}dﬂl@%#mﬁ WD), 1@ SrotBRe Nat 10e1,2-

eterm ned for ese sanpl es because of the hi
netrefutbethanei AhstockT ablutiot 4ofyetythl@omum wixihderidex &@D@) and

D gdrent G0 e dithy o s2Mred o my Fniodde 8P adaife 6.320 ml of a

1.0 mol/L HC1 solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0 mol/L

ethylaluminum dichloride solution in hexane to 100 ml of methyl chloride.
Polymerizations were run by the adding, dropwise, 1.5 ml of this stock
EADC/HCI solution to the stirred monomer solutions. Polymerizations were
terminated with the addition of 0.2 ml of methanol. Polymerization in any of the
hydrofluorocarbons resulted in rubber particles that did not adhere to the walls of
the reactor or to the stirring bar. The particles floated to the surface of the liquid
when stirring stopped. The particles were hard as evidenced by pressing on them
with a chilled spatula when tested near reaction temperature. Polymerization in
methyl chloride resulted in rubber particles that adhered to both the reactor walls
and the stirring shaft. The polymers listed in Table 14 exhibited molecular
weights that were higher than the exclusion limit of the SEC instrument used to

determine the molecular weights. The M,, of these polymers is above 1.5 x 10



108 CH3C1 689 18.8 0.1 109 CH2FCF3 448 12.2 0.2 110

CH2FCF3 543 14.8 0.3 111 CH2FCF3 404 11.0 0.3 112
wOIBEHES3338 9.2 0.2 113 CH3CHF2 481 13.1 0. 1pPC1A%2003/040341

CH3CHF2 352 9.6 0.2 115 CH3CHF2/ CH2FCF3 453 12.4 0.3

116 CH3CHF2/ CH2FCF3 777 21.¢9 0.2 117 CH3CHF2/

CH2FCF3 573 15.7 0.2 Exanples 118-141 [00225] The

pol ymeri zati on exanples listed in Tables 15 and 16

wehel. didleculdwhight disibaboss mvm)cm@d YREHog BE 'd@t%ﬁnin@d for
test tubes equipped with rare earth magnetic stir

bBIPE SapsFRsRSFause lofithednigh melesulpr wpighbd in the test
tubes at - 95C for exanples in Table 15 and -35C for
exanples in Table 16. The %I ufjons were prepared by
conbining 20 mM of the chiﬁ—&ﬁ% quid diluent, 5 m of
l'i quid : sobut vl ene and Q.20 nl Ofdlﬂs Drcgne o
Except]ons to this procedure are e(q et'o;;vmo (] t
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t enper a!tl%rgléfpg%d vverie)ﬁpgltl at eg yg§ a(lfﬁ"lro{?in ‘sé
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toppol mel08 Wo| 2004/ 636635 PCT/|USSH03/ 04658 1 Kty

[ 00226] I5T1sSIs the resu_its of puiyue[uatuns
t hat were?@go diict ed GFCFg5C, E:xa‘fﬁﬁ es 1€ 119.2170,
123, 124, 125, and 126 are conparative —examptes—wht h

Exanpl es 148 and 11§HIECﬁg exarrpl%%’i off tHHi& i nv&ht ijon.

r-on

[ 00227 Potynetitzations—were—+th—by the—droppse
addi tijon bfl this st 68kFEFs: et hyl adQdmi nurhld chl dr3 de
( EADC) f—hydrogen—ehtortde—{(HE)—selutitontothe ‘
stirred nbloner sol CH:6RF,; A sfocid8sollut9.on of (EADC
and HCGi—was—prepared—ih
113 CH;CHF, 481 13.1 0.1

114 CH3;CHF, 352 9.6 0.2

115 CH3;CHF,/ CH,FCF; 453 12.4 0.3

116 CH3CHF,/ CHFCF; 777 21.2 0.2

117 CH3CHF,/ CH,FCF3 573 15.7 0.2

Examples 118-141

[00225] The polymerization examples listed in Tables 15 and 16 were
obtained by running slurry copolymerizations in test tubes equipped with rare
earth magnetic stir bars. Monomer solutions were prepared in the test tubes at -
95°C for examples in Table 15 and -35°C for examples in Table 16. The solutions
were prepared by combining 20 ml of the chilled liquid diluent, 5 ml of liquid
isobutylene and 0.20 ml of isoprene. Exceptions to this procedure are noted
below. Polymerization solutions were magnetically stirred at temperature and
were initiated by the dropwise addition of a stock coinitiator/initiator solution

using a chilled glass Pasteur pipette. Conversion is reported as weight percent of

the monomers converted to polymer.



met hyl chloride by adding 0.320 mM of a 1.0 nol/L HC1
solution in 1,1,1,2- tetrafluoroethane and 0.960 nml of
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hexane to 100 mM of nethyl chloride. The total vol une
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chloride in the stock solution is the same for both preparations. Polymerizations

were terminated with the addition of 0.2 ml of methanol. Polymerization in 3,3,3-
trifluoropropene resulted in rubber particles that did not adhere to the walls of the
reactor or to the stirring bar. The particles floated to the surface of the liquid when
stirring stopped. The particles were hard as evidenced by pressing on them with a
chilled spatula when tested near reaction temperature. Polymerization in methyl
chloride resulted in rubber particles that adhered to both the reactor walls and the
stirring shaft. Polymerization in 1,1-dichloroethane or 1,1-dichloroethene resulted
in solvent swollen polymer particles that adhered to the reactor walls and the

stirring bar.



122 H2C=CHCF3 1.7 274 20.6 218 2.1 1.8 123 H2C=CC12
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Is listed in Table 16. 02301 Polyneri zations Were
tozg)at ed v 16 Mts Q@f%ﬁl@bfq{olﬁn@riiﬂioﬁg that were conducted at

-35°C. Examples 127 - 136 are comparative examples with Examples 137 - 141

being examples of this invention.

[00229]

solution of the coinitiator/initiator pair.

Polymerizations were run by the dropwise addition of a stock
A stock solution of ethylaluminum
dichloride and hydrogen chloride (HCI) was prepared in methyl chloride by
adding 0.320 ml of a 1.0 mol/LL HCI solution in 1,1,1,2-tetrafluoroethane and
0.960 ml of a 1.0 mol/L ethylaluminum dichloride solution in hexane to 100 ml of
methyl chloride. A separate stock solution of ethylaluminum dichloride and
hydrogen chloride was used for Examples 134, 135 and 136. This solution was
prepared from the addition of 0.034 ml of a 0.93 mol/L HCI solution in 1,1,1,2-
tetrafluoroethane and 0.0960 ml of a 1.0 mol/L ethylaluminum dichloride solution
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



nmet hanol . The pol ynerization in 1,1-difl uoroethane or

1,1,1,2-tetrafl uoroet hane gave rubber particles that

wexbti4msssss stiff-rubbery physical
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(Iastedin TablOl®@ MV M IP 127 CH3C1 4.0 1953 53.1 45 1.2
1.2 128 CH3C1 4.0 1678 45.6 54 1.3 1.3 129 CH3C1 4.0
2339 63.6 51 1.2 1.4 130 CH3CCl13 4.0 3068 83.2 48 2.2
Op0923¢431 Q‘B@?ﬁa@n@atﬁ)ng%e aérnﬁna'i_‘t@d 2&1@1 ﬁleoaddlﬁgn of 0.2 ml of

1, 2-di fl uor obenzene 4.0 55.1 .
owethandgdhe HOUMQHSEDO@/IQAOBMIHOM&@B@ or 1,1,1,2-tetraﬂuoroethane

SO AP ARERIERT A ed SR ety el pigisrtdlp eyidenced

4b)0 pi’(ﬁﬁﬂg %athda 2RillkdSsphtida af 3énchibl? Gibb&itlurd. MR8 ImMbAn of
9 1.4 137 CH2FCF3 3.0 2348 63.8 76 1.5 2.3 138
dqzlmsveie sviglgntsomp thegregoton wlls apd stiganghecHED campari©as the

Zﬁol%glgzajaoﬁ 1ﬁ'rﬁethyl chloride resulted in a viscous coating of polymer on
both the reactor walls and the stirring bar. Very little of the polymer was

"suspended" in the diluent medium. Polymerization in 1,2-difluorobenzene or
1,2-dichloroethane resulted in solvent swollen polymer phases that adhered to the
reactor walls and the stirring bar. Polymerization in 1,1,1-trichloroethane occurred

in solution. Polymer was recovered by removing weathering off the solvent.

properties asCT/US2003/040341

Table 16

Cat. : L
e Soln. | Yield | Conv. | My | | mol%
Example |  Diluent (ml) | (ng) | Wt.%) | x10° | My/M, | 1P
127 CH;Cl 40 | 1953 | 530 | 45 1.2 1.2
128 CH;Cl 40 | 1678 | 456 | 54 1.3 1.3
129 CH;Cl 40 | 2339 | 636 | 51 1.2 1.4
130 CH;CCls 40 | 3068 | 832 | 48 2.2 0.9
131 CH;CCls 50 | 2993 | 812 | 59 2.2 1.0
132 1,2-difluorobenzene | 4.0 2033 55.1 35 1.6 1.5
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woOiet4s8438 results of copol ynmerizati ons of i sobaryiSews/ 040341

i soprene that were conducted at -95C CH2FCF3. The

i sobutyl ene/isoprene feed r@tio was changed for each

exanple. A three-neck 500 m gl ass reactor was used

for these exarrpl es. Prior to each poI yrrerl zation, 300

m—of—rmononer—feed——contarning—10—wSof Tnproners—were
chated | h2aliflheroberzened ﬂé)actdﬁol'lieﬂ 6] 29 | 18 | 14
—-tatotfecoi-nttH-ator—plar—+ati-o—was—controted—at

1/ 313hd t he (HytEHLClat | on4wWas| 2563 at 60.51 wt YEADC1ih 1.3
veC—Fhe—i-nitiatorteoipi-tHatpbr—sol tti-on—was—added

dropdti se| t CHJRCHeCY et i 4dk i pr2707x{ ur7d.dand the Ir atles 1.3
f addition+iscontrolled in such as way —so-that-the

reati®r {emGHLAOHSCY ai $e4d d| rmeB3excged 4C 2The 1.9 1.4

mount_o Lnitiator/coilnitiator solution added lin

eacisdependedcg Gljge desi ned monagel eg@VEr ggon 15 23
target 2004 835 PCT/ US2003/ 040341 5 Tahle 17

| BARs VDI ar  Campygrcgh,on Mh WY Exaphe| Fegg Ratigs (W .1 94 | 22
x 101 x 10"3 MA M Mol 94 1P~ 142 98/ p 100 209 605 4.3

i1'Ya’s s P75 08" P fadlogid %s| 1€

133,408 2. © T 02371 | Thapel angpl esgdempnsprate ihe |

preparatio nol ecdlar| ‘wei ght “copo| yners| wi't

AT R R A T

ydrof [ uorocarbon. The C traces of these
i sobutyl ene/ i soprene copol yners do not show any sign

of gel formation
Examples 142-146

[00231] Table 17 lists the results of copolymerizations of isobutylene
isoprene that were conducted at -95°C CH,FCF3;. The isobutylene/isoprene feed
ratio was changed for each example. A three-neck 500 ml glass reactor was used
for these examples. Prior to each polymerization, 300 ml of monomer feed
containing 10 wt% of monomers were charged into the chilled reactor. The
initiator/coinitiator molar ratio was controlled at 1/3 and the concentration was set
at 0.1 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.




or cross-linking, even for the Exanple 146 which
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Example 147

[00233} The dependence of molecular weight on conversion was
determined for isobutylene/isoprene copolymerizations run in methyl chloride and
CH,FCF; at -95°C. This dependence was determined for two different
initiator/coinitiator systems; one based on TMPCI and the other based on HCL.
Both catalyst systems used EADC as the Lewis acid coinitiator. A three-neck 500
ml glass reactor was used for these examples. Prior to each polymerization, 300
ml of monomer feed containing 10 wt% of the monomers were charged into the
chilled reactor. A molar ratio of 95/5 isobutylene/isoprene was used for each

polymerization. The initiator/coinitiator molar ratio was controlled at 1/3 and the



feed. Cycl opentadi ene was freshly cracked for this
experinment. The initiator/coinitiator solution was
wonepasgds by di ssolving 200 mcroliters of a 1rOT/Usmd08h40341
solution of hydrogen chloride in CH2ZFCF3 into 50 m of
pre-chilled CH2FCF3. To thig solution was added 500
mcroliters of a 1.0 nol/L solution of ethylalum num
di chl oride in hexane. This solution was stirred for 5
NEdHdbREation FAASEELH (ZBWtoR EABS b 4N, Pie ﬁlﬂ?ﬂt&?@%@fﬂlﬁgr solution
addition of the initiator/coinitiator ution 1 nt
t Was addrsn@opsidteuto the nalyterézation i mixtw¥ readattielirtbieoof addition is
this solution was nmaintained at a rate necessary to
kensprotlpd impich e rwazfap itlor ﬂlleewp@ma‘teqxperdtmre mais¢ didngt exdved é°C.

S DRt R Bt Sarcotists solfiSy e el Senepscs e desired
e ARy e aud 0 eRIPORR DR gre shown in

1&8‘1@-@4&{}:91055 of 5231( IIIOEC‘QaGWQ@hV@/IQ)OM&I‘L@ 3B88Hnomer conversion

L,J2 3/040 i of, . Et.hyl al um num

S TR e ostife, B biblehiat Wiy el nfte 2 §Shsysion is
T(ﬁﬁeﬁ/@ﬂ ubl Thdsg Hemt alsb e ehat NHERPIses bReferreb 1‘ﬁﬁfa€or for
performed  usi ng} neat et hyI al um num di chlori de (EADC).

EepRlymesizations ipdb5fed in the following way. 5 nl of
t he condensed hydrof | uorocarbon were charged into a
dried test tube cooled to -90C in the dry box cold
Patdmpld®48 his |iquid at -90C, 4.1 mcroliters of

neat, liquid ethylalum numdichloride (EADC) was
added. Solubility was checked by vigorously agitating

tog234sul tigg cH%&iHﬁEﬁzatl-gﬂeom %?H{t%]gn K dt Q:?E‘l \Agér}tgd’i@rge was

to warmto the Ing point O uen
agintledtechat t 498°C cionCBHhFEFaf Ahendl@statioub€. 978 tfT isbhgtylene /

di | yent. reached its _boi|ling point, the m xture was
caslopgntadiene gias piped frdhisi R?Sym?rézaﬁeg at tlgﬁew%nr@ortwrs in the

b d b h
GRédl bat1oREPAIIRI waePsREMAt 'cgc@ﬁ?cref; ?t Uis e @ehﬁ{eln{r. ste The

conpl et ed heati ng/ coo ing C
hamal%@oimwgﬂ mlumdfrewaaipwlpysd i dissdtingi209ahiceolitérs ofrd 1.0

%lg ﬁmo%BlB a éz&:aqu(qd Cﬁ—? %62%6 aitﬁ,{oc 38| mf %l grew?ulled
CHZFCF3 To this solution was added 500 microliters of a 1.0 mol/L solution of
ethylaluminum dichloride in hexane. This solution was stirred for 5 minutes.
Polymerization was begun by the dropwise addition of the initiator/coinitiator
solution into the monomer solution with stirring. The addition of this solution was
maintained at a rate necessary to keep the polymerization temperature from rising
above -92°C. A total of 35 ml of the initiator/coinitiator solution was used. A 500

ml glass resin kettle was used for this example.

Table 18

Conversion | M,

Example | Diluent (Wt%) x10° | M,/M, |Mol%CPD | %12

148 CH,FCF; 50 527 1.9 5.3 15




met hyl chloride were nade foll ow ng each heat/ cool

cycle until the EADC was observed to dissolve or a
woQIEDs343V bl end was achi eved. The foll ow ng PCT/US2003/040341

observations were nade and recorded.

1,1,1, 2-Tetraf | uoroet hane (HyC- 134a) Table 19

Preparation Vol unme % Met hyl Cbservation Chloride

EADC + 5mL HFC-134a 0 Insoluble “chips' + 0.5ml nethyl

CRORBIAS of Eﬁgﬂﬁl’lﬁﬁﬂhﬁl ﬁicﬁ?&%ﬁhi%roﬂugrgﬁbﬁ% %Yy(* Blends

chloride 17 Fine-scale occul ati‘'on +
chloride 23 O oudy suspension; slight floc at b.p. +

SRS o W e RbURT detsserded o) Bils o o8 S pertormed
Padihd Gk St RBRAIAIBAAG RAH AISEP0384 934 l%aﬁﬁ%ﬁgrﬁlﬁqﬂ the

met hyl chloride 38 Still less cloudy + O
cHilllopiiege way. Nearll of e eandensed hjdnpflnetokgdbon here ictiergdd into a

| . hyl c¢hl ori 47 .+.0.5
B e I e e 08 it
18,1 ERGofiteRCEE Rkt AuRE ‘E’&fygﬁﬂnﬁﬁlﬁﬁ dichforRidt E)A]D@? was_added.
stirring, froma very cloudy suspension. The originaf

* Solupiity wes ehasked bynyigorowslysigithting e frésuttimgmatxtaee The mixture
HFC-.32 Tabld%)]zo Pre tion Vol

CHEC IS RABR o G rorime e el o i sHoent vl e te
" &diitdss of the Qe b R IARMr tiHiRlchfRadhed itObSilifs PHRY, the mixture
was cooled to -90°C by immersing the test tube into the cold bath. Reported
observations were made after the completed heating/cooling cycle. If after this
first heat/cool cycle, the catalyst did not dissolve, 0.5 ml of methyl chloride was
added. The heat/cool cycle was repeated. Subsequent additions of 0.5 ml of
methyl chloride were made following each heat/cool cycle until the EADC was
observed to dissolve or a 50/50 V/V blend was achieved. The following

observations were made and recorded.

1,1,1,2-Tetrafluoroethane (HFC-134a)

Table 19
Preparation Volume % Methyl Observation
Chloride
EADC + 5ml HFC-134a 0 Insoluble ‘chips’
+ 0.5ml methyl chloride 9 Fine-scale flocculation
+ 0.5ml methyl chloride 17 Fine-scale flocculation
+ 0.5ml methyl chloride 23 Cloudy suspension; slight floc at b.p.
+ 0.5ml methyl chloride 29 Cloudy; very small particles
+ 0.5ml methyl chloride 33 Less cloudy; no visible particles




+ 0.5nml nethyl chloride 17 Sone flocculation + 0.5nl

nmet hyl chloride 23 Cear Fluoroform (HFC 23) Table 21
weénepassisson Vol unme % Met hyl Cbservation Chl oPCTAIS2003/040341

EADC + 5m HFC-23 0 Insoluble “chips" + 0.5m nethyl

chloride 9 Insoluble + 0.5mgg met hyl chloride 17

I nsoluble + 0.5nl nethyl chloride 23 Insol uble WO

2004/ 058835 PCT/US2003/040341 99 + 0.5nl net hyI

oride 29 tnsoiupte +UT3m met hyl ng

& 8rmbmethyleiprsigl | net hyI38chl or | Jle 38 I %
D 5nt—rethyt——chiorijde 41 I nsol ub

sht 8Pmdeethyl thlf§6‘|eubl e +4.5m mat hyI ch ?filygrgeah

nsotubte —+ met hyl” chiorirge 50 I'n bl e
L, ioﬁnﬂmﬁhlyh‘ﬁlﬂ‘ﬁélﬁhcpne (HFE- 143a) | Tabl e 2%0?# %P at i on
Yolume 96 Cbservarion Methyl Chl oride EADC &+ 5ni

HFCO P gethy] ¢fdosidsbl e ‘chi”p?y + g 5ml met hy1%hl or i de
9—Croudy Suspensi o+ 0. 5nil et hyl chl or | 17 O oudy

\>u§|19éﬁ§int9ﬁ1yl th‘UIdSml. met hy!? chl oride 23 d ear®®ol ution
Y —I—=drfturoethane (HFC-1I5Za) Table 23

%udy +

A

[00236] In the tests in Table 19, the flocculation occurred after cessation of
stirring, from a very cloudy suspension. The original ‘chips’ were no longer

visible.

Difluoromethane (HFC-32)

Table 20
Preparation Volume % Methyl Observation
: Chloride ‘ :
EADC + 5ml HFC-32 0 Insoluble ‘chips’
+0.5m! methyl chloride 9 Slight cloudy
+ 0.5ml methyl chloride 17 Some flocculation
+ 0.5ml methyl chloride 23 Clear
Fluoroform (HFC-23)
Table 21
Preparation Volume % Methyl Observation
Chloride '
EADC + 5ml HFC-23 0 Insoluble ‘chips’
+ 0.5ml methyl chloride 9 Insoluble
+ 0.5ml methyl chloride 17 Insoluble
+ 0.5ml methyl chloride 23 Insoluble




Preparati on Vol une % Cbservation Methyl Chloride EADC

+ 5m HFC-152a 0 Sol ubl e [00237] The solubility tests
woeodsssss i n Tabl e 24 were perforned using 1rOTMSk00B/040341

stock hydrocarbon sol utions of ethylal um num

di chl oride (EADC) prepared @t roomtenperature from

neat EADC and the hydrocarbon listed in the table.

Pentane refers to normal pentane. ULB hexanes refers

t[o ra i Benzene gr ade off hexanes, an {SOMmeric
m&ﬁg{ni %ﬁ#‘@ﬁ’”&l&rtal ns |I%¥ss thar 5 ppm WO J00MP58835

gbg é/ 04?541 100 Denzene. The finat
Bidern oet hane>( HFC- 134a) sol ut i SpsolRle

g the Toom tempgerarure EADC STOCK
ﬁ?i“gwethv%ih&ﬁ'éﬂ isted i°f the tgble, to tHABOMOuid

—rm-n =

1FC- %54a ]L@ test tTube held at =[35C. I al i cases, an
ni - Bylehioside |i s obt dilned whilch is cl ear™sqhtple

OTg € TEeulTing solutiof was then cooled by
i P&y

ﬁ‘ﬁthi/ll‘f’é‘ ¥det tube itto the |dry box collgFoB&ien

95C. The_ cloud [poi nt was deter m ned

i
«

i

tfhe .

ty+h'g$i‘??‘8 Vlrfﬁﬁ’[”ﬂ% temper &ure of |the |iquidiofusles
tthe ter Sual Ty determning the onset_of
« “Bh'gi?lﬂ&@}’l °$ﬂ’é‘d%cl uti ons? again |becane cl edpsopple

alTowng the solfutions toO warmto a tenperature abpove
the cloud p0|nt The behavi or of the solution around
b, L clrfleprogs WS -WPedrved for several nminutes by
repeatedly coollng and warm ng the solution. This
phenonmenon was found to be reproduci ble. Table 24
Hydr ocarbon Vol ume (m crolTapd¢ >3 Vol une of Final EADC
Cloud of 1.0 M Stock EADC HFC - 134a Concentration
Point Solution (nm) (W.% (C) Pent ane 100 10 0.1 -87

Pentan A0 187 B xanes—174—15
reparation V.‘dhﬁh 0, Gbs‘erva‘fl‘dn
Sol ubi FI ?py of AI koxyahﬂm] lﬁ’[ﬂ! Lghlorides in
1t 2=tetraftuoroet lla"‘lcﬁ( HHC-
EADC + 5ml HFC-143a 0 Insoluble ‘chips’
+0.5ml methyl chloride 9 Cloudy suspension
+ 0.5ml methyl chloride 17 Cloudy suspension
+ 0.5ml methyl chloride 23 Clear solution

1,1-difluroethane (HFC-152a)

Table 23
Preparation Volume % Observation
Methyl Chloride
EADC + 5ml HFC-152a 0 Soluble
[00237] The solubility tests performed in Table 24 were performed using

1.0 mol/LL stock hydrocarbon solutions of ethylaluminum dichloride (EADC)
prepared at room temperature from neat EADC and the hydrocarbon listed in the
table. Pentane refers to normal pentane. ULB hexanes refers to an ultra low

benzene grade of hexanes, an isomeric mixture, which contains less than 5 ppm



134a) [00238] The solubility tests reported in Table

25 were conducted by preparing each al koxyal um num
wdizeddossdzde in situ. A general procedure foll oRET/US2003/040341

solution of the correspondi ng al cohol was prepared by

addi ng 0.0001 noles of thgoal cohol to 10 mlliliters

of HFC-134a at -30C. To this solution was added 100

mcroliters of a 1.0 nol/L stock pentane sol ution of

E&Pne, Afrhe rﬁﬁah'ﬁ 1 @%étraﬂ%gmemaae (HIFe] HaTsdRden sals Lﬁrepmred

was shaken periodi'’cally over the next five _mnut

Bhaddiag tid momempetanowdh DG siegk polusion, yrdumg ligted 1B é}é‘f'dtable

%/Oﬁ%g Ealgg‘dglggéqgga ngg%lste t%hcléﬂ%lfl&g Oéer é. ﬁ all %géegﬁ?laﬁlﬁlal solution
?socg)blltélgé@ %‘T’clﬁg&%%g@ 30834 1The1ﬂ%uﬁ1ﬂg &bRitioe d’veb;ythen cooled

nonitoring t tenperature of the liquid with a .
b? eirRAgHE theatedd tubel intoatht dridbeecatil rlnaﬂwgth@m@Stﬂ@e@t 8$°C. The
oudi ness. The sol uti ons again b cane cle

RN eI 0T i TR RERE e ST EHES: o) (e fid it o
ttlﬂe?m% %’tjeg el agua\}\%h@et RERAYI BE Rket! B cRAlMELON TAE Qoldions

ser ved for several mnutes by
ggiadeeathy ckemby wl@)vang thvaaoﬂmtmglsﬂh avazp)| ta ) temperiirg above the

T B ol S P B o

| 1 é'm 7300 196d IRarnfihe Ytsolsulution.  This
8%%80@%&%5{19%, &§e§ §L4OC Clgoud p0|ant C C)TS 851 85

pa&m@mmumfo&wto@@anm‘pé@cmmg to 151 [00239] Exanpl es
149 to 151 were conducted at -95C in 500 m gl ass
resin kettles and were based on 300 m of diluent. In
Exanpl e 149, a linear pollybk@dutyl ene was prepared
with the chain transfer agent, 2,2,4-trinmethyl-I-
pentene to obtain a |linear standard wth aM,,

s i S olutle (R IIEET [ PVEASd 1T IRAAABE 1pUCloud
B 0]'.0%\?1 (STgc(i ﬂiﬁc 15 15pEe399P0! YigRédnG@tib®NS  Point
" Solution (mL) (Wt.%) - (°C)
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-tetrafluoroethane (HFC-
134a)

[00238] The solubility tests reported in Table 25 were conducted by
preparing each alkoxyaluminum dichloride in situ. A general procedure follows.
A solution of the corresponding alcohol was prepared by adding 0.0001 moles of
the alcohol to 10 milliliters of HFC-134a at -30°C. To this solution was added
100 microliters of a 1.0 mol/L stock pentane solution of EADC. After this last
addition, the HFC-134a solution was shaken periodically over the next five
minutes. The solution was allowed to warm to -10°C in a closed vessel and then

cooled in the dry box cold bath thermostated at -95°C. The cloud point was




of isobutylene and isoprene. Exanple 150 was prepared

in methyl chloride and is provided as a conparative
woexenpser3s Exanpl e 151 was prepared in CHZFCF3 RO@/US2®3/040341

an exanple of this invention. Al three sanples were

anal yzed by triple detectigp SEC. The plots of [rl]

(left y-axis) and g' (right y-axis) against MNfor

each sanple are given in Figures 4, 5, and 6. Exanple

49 [.00240] A .ho. I i zati f. .
Sorativeety sronigepente imer e ding gh RN fRfindRfer ond
@gﬁ.{l}y dedertifinb KhdBisBYS £ dloudatsenEhe evldtions dghidFeEamY\Elear by

200477058835 P / US2003/ 040341 102 as a diluent. The
powingrthe solusienade vwsdtec e demprreRrggboye ty clopng mopd,  The

m f, i sqQbut vyl en 0 . s 1o Y :
gg'g’i&)({f 03 {he %‘8“?8%?8]“]%% {e}}gscﬁ%ﬁ;gc%léﬁj%segbﬁrqveld AR R minutes
by rdRbiuly doolieptaan evaritigsths sblutibmn Thissplehomeseh wes £060 to
rpmbefore and during the polynerization. Separately,
aorépmoducgler / coi nitiator sol ution was prepared in 50
m of CH2FCF3 at -85C by adding, in order, 0.0738 m
of a 1.0 nol/L hydrogen chloride solution in CH2FCF3
and 0.2213 ml of a 1.0 noTahle2S§l uti on of
et hyl al um num di chl ori de in hexane. This sol ution was
stirred and imedi ately added to a chilled addition

f SIRTEON | Tl H . - ’ - . . .
—mernrtratorycornitrat or] sol utl on.-was [t
N SFllm,0a10,

sl ow y added €8:QHELs CH Q) r (EEQHEE o

cofence potymerizatTomn. TNe _ T niftiat or/ coi ni tilat or
S

soFtiemmolivay ada®® such t HEt9525 ni of tHY sol uti on!?62

ol Al

WeS oAU E L, (BY auding the catalyst sfo the reactio
t enperaidr e (was O®98i nt pi ned-Hel ow | - 92C.%Fhe react i or?'ﬂ

was—t-hen—gugrched—w-ththe additiom of 1-2

o
neibingpait °C)The pdf ynel was-8sol ated bS Wedidering of 7
unreact ad

cted—ronorer—and-—dituent—Th potymer—was dried
in vacuo at 45C to a constant wei ght. The pol yner
mhﬂ@,dmgft@llsa M,, of 580k and a MWM of 1.9. The
plot of [ri] (left y-axis) and g' (right y- axis)
against M,, for Exanple 149 is given in Figure 4.

P opr e AL 1R8I LRGN o PR 0 8l
Q56 ke AMANRERS b&ed Whi 300 wasofptikear. edn Bxaaplt h¢0,56 linear
rrllolyisobu’tylene was prepared with the chain transfer agent, 2,2,4-trimethyl-1-
pentene, to obtain a linear standard with a My comparable to the polymers
prepared in Examples 150 and 151. Examples 150 and 151 are copolymerizations
of isobutylene and isoprene. Example 150 was prepared in methy] chloride and is
provided as a comparative example. Example 151 was prepared in CH,FCF3 and
is an example of this invention. All three samples were analyzed by triple

detection SEC. The plots of [n] (left y-axis) and g' (right y-axis) against My for

each sample are given in Figures 4, 5, and 6.
Example 149

[00240] A homopolymerization of isobutylene was conducted at -95°C in
the presence of a chain transfer agent, 2,2,4-trimethyl-1-pentene, and in CH,FCF3



of liquid isobutylene, collected at -95C, 3.0 m of

i soprene to 300 ml of nethyl chloride, collected as a
woizoquiodssas - 95C and 1.5 m of 2-net hyl but ane ( ParaISnEB/040341

GC standard). This solution was stirred at 1000 rpm

before and during the polymerization. Separately, an

initiator/coinitiator solution was prepared in 35 m

of nmet hyl chloride at -95C by adding, in order, 0.171

2 QflPé}ltl The 'ﬁgl;/rﬁeri})éﬁes&%y coﬁﬁbﬁbﬂl\ﬁ% SO0 HHlioBITH,FCF3, 56 ml
chl'oride and 0.619 m of a O nol/L solution

of 1soenﬂy;dna|(hmhmmeduedrasdrqmw@ a‘trr9ﬁ°e§<)aﬁed S?hmyr@lﬁpn&tqfow 4-
was stirred and._i dlatel

amethY ok PRiARl THISTHRVIG VRS T ?“S%tdl.ﬁogu 8% efjg%?l T iping the
}H@E]Iﬁe?ﬁgnons' s%gfa.Vaté}Q A& dnftRtdrRBinttidtér RUtTEANOMEFref@bULN 301m]

0 “conmmence Iymerlzatlon The initiator/coinitiator
90 |AH,FQF; \a/asssad]dbyd addmg tnherdeR @.%738 mbfof tahl.9 mel/luthydrpgen

WO 2004/ 05883
Shionih utadgHonmyn (bPH FET oy & PR 1 1S e e of
réﬁlg‘f%lﬁrﬁ{huvn\g gﬁ?ﬁ:‘iiﬂ% Yh %ex‘ﬁt% MR § ts@l‘uﬂ@ﬁi v&h@' sB¥¥ed Shd GmmEdRately

en quenched wth the addition of 1-2
rtdaf toretdhdbal additien fainghe rThmamltnaé@V@a@tiaﬂ@y SABBIORA S dsnten

of f sed noners and di | t, Th

Sl SR 2 e e B pige SO oSBT mBgon. o he
gnﬁ‘éto?/%m‘l‘ﬁtl@(or-%ﬁni%ﬁR@is)éﬂ&éd SRARL QGanof&hMHo%ﬂbh was added.
i soprene and exhibited a MVof 568k with a MWM

By6 addihg th¢ ontabyist pl;m\]ly (thetgaciion éggpggra@pﬁd vgs rpamﬁxﬁged below

FP%E}’ s,}%ea al tgqpp}v E]gf %ﬁglﬁg nqukl th% t%g?)f\zllg’? 1ﬂ1 rE)f n%ethanol.

%M%@r%s%‘(qaﬂe& B RAGheYRS o@ﬂﬁﬁéﬁéﬁ@l@nbﬁbm@%ﬁ@ﬂﬁeﬁt The
e nononer solution was prepared by adding 95

r[iolylﬁer wasgried insabug g1 457€, to @olonstenteweight. - lmvolzmr apalyzed

Jor a Mo e AR g Mint 105 THY st ShLREIFHBTRLHET 2 et -
1%%@%%&@%&@%%9 is B 18 Migthd @n was stirred at

uring the polynerization.
Separately, an initiator/coinitiator solution was
prepaqed in 50 M of CH2FCF3 at -85C by adding, in
ofxele 6349 m of a 0.432 nol /L hydrogen chloride
solution in nmethyl chloride and 0.443 nml of a 1.0

mol /L solution of ethylalum numdichloride in hex
TID24K ol Ut | Srvopalymstizeliascotaisebutyivaaipd wpprene was conductéd in

methyl chloride at -95°C. The monomer solution was prepared by adding 56 ml
of liquid isobutylene, collected at -95°C, 3.0 ml of isoprene to 300 ml of methyl
chloride, collected as a liquid at -95°C and 1.5 ml of 2-methylbutane (internal GC
standard). This solution was stirred at 1000 rpm before and during the
polymerization. Separately, an initiator/coinitiator solution was prepared in 35 ml
of methyl chloride at -95°C by adding, in order, 0.171 ml of a 1.2 mol/L hydrogen
chloride solution in methyl chloride and 0.619 ml of a 1.0 mol/L solution of
ethylaluminum dichloride in hexane. This solution was stirred and immediately
added to a chilled addition funnel. The initiator/coinitiator solution was then
slowly added to the stirred monomer solution to commence polymerization. The

initiator/coinitiator solution was added such that 20.5 ml of this solution was



added to a chilled addition funnel. The

initiator/coinitiator solution was then slowy added
woOQod4vsssssi rred nononer solution to commence PCT/US2003/040341

pol yneri zation. The initiator/coinitiator solution

was added such that 30 ml ofjgp¢his solution was added

over 75 mnutes. By adding the catalyst in this manner

the reaction tenperature was nmi ntai ned bel ow -90C.

T, e [ h : t;he ' 0 :

Rl T R el O AU I S O Sl ieheacton
\/\I&aiplamuhra gvasfrhaitiaired below AAITET sThnctactidnuend theiily@enched with

ynmer. was, dried in vacuo_at 45C to a .cqnstant

m@@gﬂﬁéltwvu% 1 n%@fgn%hal@b g polyier s dsqlaied by oyretheriag off

2o PR g SORY ABeni PR Bt Sty nofofOK 46N«
( cdr@hint Weikkt.S Yid@adng lor VB ,wi%4. OThEK@mI)jIIﬁerléi)htalﬁe(ﬂI $enol% of

in Figure 6. WD 2004/058835 PCT/ US2003/ 040341 104
[ egmsq and exhibitedra Mwaifcﬁ6|§btvem a MpMh 04260 ’rIbe ptoégf ] (left y-
pro re uch.

S i LT Pl T Rl LTS Rl Figye s
reference to the extent such disclosure is not
inconsistent with this invention and for al
j Brxampledfl ons i n which such incorporation is
permtted. [00244] When nunerical lower limts and
nunerical upper limts are listed herein, ranges from

afop2épver | Anddpotymerizrgtietppisobutyiche ane isprene rmalsatoaducted in
[0024511: While the illustrative enbodi nents of th
ko)

i fieRET oAl HRVE- baBh MORSELF iSpHoN Was PaPATFe dﬂh@d%g 9p yml of
V\ilﬂlllld 1§obtil.1 p&qgﬁ ?ﬁ? té({' at 9’538 lﬁsm(ft E %cipngrgel Io %@6 {rﬁ ST methyl

0 and can’ e fea

S&ilbh@éj cblledidiPas fiquill kNBSPC ad@nay fl Bﬂzfrﬁé@mlbﬁtﬁnesﬁht%fﬂal GC
and scope of the invention. Accordingly, i s not

i steedvd®d t Hais sqhetlcsmcm gtirrachat cl %XOnsprapbefnm@nﬁ edwing the

o Byrtgion: ek AR Ao PRI SO LBRE oS el sh ml
epc OFPCSE] #t9-834(: bsz@df@aw bffer,00. 3pR 1A YLD 430 QNEIT M;(drogen

whi ch reside in e present i nvention, i ncl udi ng
f ddomide solwihor in waethyl ddotideand @S wh wifeall é)nml/Lh@ﬂetufn of
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added to a chilled addition funnel. The initiator/coinitiator solution was then

slowly added to the stirred monomer solution to commence polymerization. The
initiator/coinitiator solution was added such that 30 ml of this solution was added
over 75 minutes. By adding the catalyst in this manner the reaction temperature
was maintained below -90°C. The reaction was then queﬂched with the addition
of 1-2 ml of methanol. The polymer was isolated by weathering off unused
monomers and diluent. The polymer was dried in vacuo at 45°C to a constant
weight. Yield: 59 g or 85 wt%. The copolymer contained 2.5 mol% of isoprene
and exhibited a My, of 606k with a My/M, of 3.2. The plot of [n] (left y-axis) and
g' (right y-axis) against My, for Example 151 is given in Figure 6.



CLAIM5 What is clained is: 1. A copolyner conprising

an isoolefin and a nultiolefin, the copol yner being
weubsioasessal |y free of [ong chain branching. 2PCThis2003/040341

copol yner of claim1, wherein the nultiolefinis a

conj ugated diene, preferably, isoprene. 3. The

copol ynmer of claiml1l, wherein the nultiolefin content

is fromgreater than 0.5 nol % 4. The copol ynmer of
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2.5 nol% 6. The copol yner of_clainli, wherein the
Hie taxere e doRloswe 1Ssneh BieonTidarieVithy tisn yeryiorpipng for all

AuASROINTSE BRARGLE BGcpRRIGY befigaand | sopr ene, the

opol'ymer 'being s ntia ree of |long chain
branchi ng. 8. The copol yner of claim7, wherein the
ne content is.f reater .than.0.5 nol %

RS o e umprsdlgvetiate n DB Bpaad ik irg disted

| Rrdih R hury, ToRRP 1ifniOto MY YppdRrsi@ 8/ Gaftated.
HRersiAThes FRE by 10RRE itnitho Tkeébgopol ymer of claim7,
wherein the i soprene content is fromgreater than 2.5

% _.11. The..caopol. r of claim?7 erei.n the
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contacting an isoolefin, Cgg{)eferabli; I sobutyl ene, a
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2 e%;g%{t}srél ﬁg&gwgr%):ﬂ%tr gnci r%icct)ﬂeagf) ke }nveg{i]gn.a lgé:cloycﬁﬂély, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present
invention, including all features which would be treated as equivalents thereof by

those skilled in the art to which the invention pertains.



nor e hydrof | uorocarbon(s) (HFC s); wherein the

copolynmer is substantially free of | ong chain
wonrenoksssy. 13. The copol ynmer of claim 12, whepermskiwa/ 040341

multiolefin is a conjugated diene. 14. The copol yner

of claim 12, wherein the nulipsolefin content is from

greater than 0.5 nol % 15. The copol yner of claim 12,

wherein the multiolefin content is fromgreater than

1.0 mol % 16. The copol ymgy ofvigl ai m 12, wherein the

mul tiolefin content is fromgreater than 2.5 nol %

17. The copolyner of claim12, wherein the nultiolefin

%ron1greater than 5.0 nol % 18. The

g@% 8 Sl ai m 12, wherein one or nore

hydrofluorocarbon(s) is represented by the formnul a:

CXHyFZ wherein x is an integer from1l to 40 and y and

zlare An@(&agbmercﬁonmﬁémgr arn@?oglefmgandrhemul@ptﬂfmhe @polymer

cl ai X m 1 10.. WO 2004/ 058835
PCT/ Uﬁ%%ﬁ@ﬁ%ly ff%e?()frzlgng ﬁ:lﬁa;n Eraﬁl ]in?grer of claim 18,
wherein x is from1l to 6. 21 The copol yner of cIaim

18, wherein xis from1l to 22, The cogol ymer

c?-ai m The cogiobyra¢rp t%ﬂbhewmrewﬁh@ npidelefin inHp @@@Mﬁ@iﬁ@ ljene,
isin | ected fromthe group consisting of

fl uor gﬁgfeﬁgﬁghjoigfi 1 uoronet hane; trifl uoronet hane;

fl uoroet hane; 1,1-difl uoroethane; 1,2- difl uoroethane;

1 1, 1 -trifluor hane; 1,1, 2- tr| oethane,
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af | uor opropane; 1,1, 2, 2- tetrafluoropropane
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%ﬁe copolymer of claim 1, wherein the multiolefin content is from greater

than 2.5 mol%.
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6. The copolymer of claim 1, wherein the multiolefin content is from greater
than 5.0 mol%.

7. A copolymer comprising isobutylene and isoprene, the copolymer being

substantially free of long chain branching.

8. The copolymer of claim 7, wherein the isoprene content is from greater
than 0.5 mol%.

9. The copolymer of claim 7, wherein the isoprene content is from greater
than 1.0 mol%.



tetrafl uoropropane; 1,1, 3, 3-tetrafl uoropropane;
1,2,2,3-tetrafl uoropropane; 1, 1,

wa 220485830t af | uor opropane; 1, 1, 1,2,3 PCT/US2003/040341
- pent af | uor opropane; 1,1, 1, 3, 3- pentafl uoropropane; 1,
1,2,2,3 -pentafluoropropane;gl, 1, 2, 3, 3-
pent af | uor opropane; 1,1,1, 2,2, 3- hexafluoropropane;
1,1, 1 2, 3, 3- hexafl uoropropane;

|]~} é’pt 3, heoég,iyl U‘%ro(}p&%ﬂ)??ewagrgﬁ%&?%ﬁépg %F%%?%‘p‘? Siom greater

1-fl ugpgbpbans®.2- fl uorobutane; 1, 1- dlfluorobutane
1, 2-di fl uor obut ane; 1, 3-di fl uor obut ane;
1, 4-di fl uor obut ane; 2, 2-di fl uor obut ane;
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trifl ubsaobotmei®s. 1, 2, 2-trifl uorobut ane;

1,2,3-trifluorobutane; 1,3,3- trifluorobutane;

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

2 & RcobfiyERE bHALBLILANE rdscsd compriing contating an isgolfin,

preferabdy |1mbutykbmearaemunuoi¢m1 @re@rabasf lisppresouoa®@r more
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1,1

1,1
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.1, bitapfeaﬂyaﬁrmafrl@tgﬁlwﬂebranchlng
, 2, 3-pent af l uorobutane; 1,1,1, 2, 4-
fluorobutane; 1,1,1, 3, 3-pentafl uorobut ane;
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131, 1, BachcopPly2R4f 088 33, WhdkidSRO aidlisleRik a cobfigated diene.
e fluorobutane; 1, 1, 1,4, 4-pentafl uorobutane;
1,1,2,2,3 - pentafluorobutane

L4, 2, I

ol of P Bl inst SRR 32 Rerof he Byificieti content s from greater
1,1, 3, thad 0.5pa01%f | uor obut ane;

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

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

;4. 1, | u idlefin Sondent is from greater
h% xaf ?%%?%ﬁgFgﬁg&Cthqg €Vﬁ%%gp;lﬁg&g%‘?luorobutane s

1, 1,1,ﬂmnl4hhewafluorobutane 1,1,1,3, 3, 4-

xaf | uorobut ane; 1,1, 1, 3, 4, 4- hexaf | uor obut ane;

1,1,1,4, 4, 4- hexafl uorobut ane;

114, 2, ?h@e@p‘oﬁ‘ﬁﬁ&fdf URkRal dhereinlthd ndiléel3fid content is from greater
than 2.5 mol%.
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17.  The copolymer of claim 12, wherein the multiolefin content is from greater

than 5.0 mol%.
18. The copolymer of claim 12, 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.

19.  The copolymer of claim 18, wherein x is from 1 to 10.



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

wao 200425834, 4- hexaf | uor obutane; 1,2, 2, 3, 3, 4- PCT/US2003/040341
hexaf | uorobutane; 1, 1, 1,2,2, 3,3 -heptafl uorobutane;
1,1,1,2, 2,4, 4- heptafluoroqu?ne; 1, 1,
1,2,2,3, 4-hept af | uorobutane; "1,1, 1, 2, 3, 3, 4-
hept af | uor obut ane; 1,1, 1, 2, 3, 4, 4- hept af | uor obut ane;

,1,2.4. 4, 4- hept af | roputane; 1, 1,

2% 3 Trdedbollimd R sPim L RBE e Sis o T g6 4.
oct af l uorobutane; 1,1,1, 2, 2, 3, 4, 4-oct af | uor obut ane;
1.1,1,2,3,3,4,4- octafluorobutane; 1, 1,
125! 2’ Hhecopolmperiof glaia St whereintx i fion2 130 3, 4, 4-
oct af | uorobutane; 1,1,1, 2, 2, 3, 3, 4, 4-nonafl uor obut ane;
1,1,1,2,2,3,4, 4, 4- nonafl uorobutane; 1

-22. uor theZeapetymydriof eping 2, Wherkirr e bhel0f Arofe hydrofluorocarbon(s)
met hyl pr.opane; 1,3 -dif| uoro-2-nmethyl propane;

1, 1, 1-# ripfensafiently. s¢hatter iionb g @roup consisting of fluoromethane;
1, 1, 3-difizd -2 ney - di.f b yor.g- 2- 1o,
(H uor i ctifime: FRYGRIORRY Sruotoctiab! ) 490ifliGroethane; 1,2
1, 3- t edifladroaihane;2- iet hitlflwoegdnae; 1,111,3-t3fluoroethane;  1,1,1,2-

tetraf] uoro-2-meth ropane; 1, 1,3
“trif |tﬁ%?%‘!"f??‘[gﬁg}%%/Lﬁgﬁ%ﬁl‘?gpgﬁgtiigge; 1,1,1,2,2-pentafluoroethane;
1,1, 1, Bfigofepryahd;uor %-@lﬁ%kmﬂaﬁé;(’panﬁi-d%ﬂuo}oﬁ?figne; 12-

-tetrafl uoro-2- (fluoronethyl’)propang;
- t et r #iflueropropard;| udsbddlundpyqraopane?,2-difluoropropane;  1,1,1-

fl uor | obut ane; .1.1-djifl uorocycl qbutan
1, 2 ORRBEYRREh e bdtiorBlogind . dr b flwoerapenes 122
1, 2-ttiflubdopespasy.cl o D,Q,Batﬁ@lhml)p_ilofplﬁxe; 1,1 rl ,2~tetrafluoropropane;
uor oc

1,

trifluorocycl obutane; 1,2,3-tri ycl obut ane;

1, 1, 2, lal,1 3fetralfiyarepiopgnre: obut drle2,2-tetrafluoropropane; 1,1,2,3-
1, 1, 3, = 0 A 1.1 2.! y .
L SFARRGROHRES L SR MGiophhnd: 225 cemauoropropane

- pent df,1,u@rbpsrthidlardpopinel , 11,81 2,Bpéhtafluoropropane; 1,1,1,3,3-
hexaf | uor cgcl obut ane;
1, 1, 2,PsngtlEORRLORANE o ocy dHobdddfatallporopromng; 4-  1,1,2,3,3-

hexaf | J4pfaey éne; 11,1223- ; -
11 2 e o del A heafluoropropanes, y 1,1,1,2,3.3

2004/ Q@S@Erﬁiﬁﬁpaﬂ&2003/1014_I),3,£B;13-héb&91ubfdpwﬂaﬂe; 1,1,1,2,2,3,3-
% % glhteh%ﬁ?lg%&)gc&gﬁ%n i,’l 3&2%,%}3%%%&%@%@ 1-fluorobutane; 2-
e
3, 3- dilt4-Gidlvoprtareee; 2.24difluorpbithmejor @p¥-difeoegbutane;  1,1,1-
1,1, Bhtiﬂ{lctljogl?tggé%r oq?ﬂi;trif}do%bgﬁtgl{g;f | Tﬂtﬁglrf%%?&%;tan%ﬁ 3 ﬁ_l ,4-
trifluorobutane;  1,2,2-trifluorobutane; 1,2 3-trifluorobutane; 1,3,3-
trifluorobutane; 2,2,3-trifluorobutane; 1,1,1,2-tetrafluorobutane; 1,1,1,3-
tetrafluorobutane;  1,1,1,4-tetrafluorobutane;  1,1,2,2-tetrafluorobutane;
1,1,2,3-tetrafluorobutane; 1,1,2 4-tetrafluorobutane; 1,1,3,3-
tetrafluorobutane;  1,1,3,4-tetrafluorobutane; 1,1 ,4,4-tetrafluorobutane;
1,2,2,3-tetrafluorobutane; 1,2,2,4-tetrafluorobutane; 1,2,3,3-
tetrafluorobutane;  1,2,3 4-tetrafluorobutane; 2,2,3,3-tetrafluorobutane;
1,1,1,2,2-pentafluorobutane; 1,1,1,2,3-pentafluorobutane; 1,1,1,2,4-

pentafluorobutane; 1,1,1,3,3-pentafluorobutane; 1,1,1,3,4-



trifluoropropene; 2,3,3-trifluoropropene;

3,3,3-trifluoropropene; 1-fluoro- 1-butene; 2-fluoro-
wohoi4mags3s 3- f | uoro-1 -butene; 4-fluoro- | -but ea®Us1003/040341

di fluoro-1-butene; 1,2-difluoro-I-butene;

1, 3-difluoropropene; 1,4- djfluoro-I-butene;

2,3-di fluoro-I-butene; 2, 4- élfluoro | - but ene; 3, 3-

difluoro | - but ene; 3, 4-difluoro-I-butene;

4-dif | but t t :
Slpeli‘t% ‘F‘?rﬂg'f%&f egﬁt ené’]l’lld' iy p&httahﬂgllrouor og’lu EeB(St d h1é2 2,3-

1 1,
1, 2, 3pehtaflhdrdBiitand;- but ene;q 212 2, fénﬁaﬂuf)ﬂo[bﬁfaﬁcl but enet,2,3,3-
1,3,3-trifluoro- I-butene trifluoro-I-butene;
1,4,4{@H@ﬂh@@b@wnebutene1123%4ﬂmﬂ@ﬁﬂpﬁ@ﬂﬁmF*butenéﬁl334
2,3, 4- flu I but ene; but e -
3, 3, 4PF?ﬁaPP%f8§%t “put ene? 2322:23§4P%n hlu #Oﬁgﬁagle’l but eggl 2,34
4, 4, 4'p%ﬁﬂaﬂ{1®i©b@tahe ;but ene;1,1,2,2,3 hexaﬂuorobutane 1,1,1,2,2,4-
1,1,2,3-tetrafl uoro-1 - bute A
1, 1, 2 hexafliorelutanss o- | - bi!ﬂleln?e3 3hexaffuogobwpness | yor dal4ls2:3;
-bute tetra| §d¥6but 1,1,1,3,3,4-
1,1, %EX%%%O%%%%I&O I-b[ljtlggzé@zj']lheg% 3- t%??eafl uor o-1 -
but e nel,exéﬂtﬂ),r&amaﬂeet r af | tdrlo3, 44ﬁlﬁkeﬂnmrobutane 1,1,1,4,4,4-
1, 2, -t Iuoro | - but en
tetr aflleﬁ ‘%9“1 %%F%eéne Téez 2e;j,=- g‘?’?‘?ﬁ‘??r%‘ll%n?' but erjg2:2:3:4
1,4, 'h}xﬁfiﬂd'r@ﬂtéﬁy o-1 - @qtﬁf‘@ A-hexafluorobutane; 1,1,2.3,3,4-
2,3,3 tetrafl uofo-1-buten
2,3, 4,h@xathtarawutarm o-1- bdule?;;féﬂr 4shexafluarobutane; 1,2,2,3,3,4-
tetra ut ene; d-tetrafl u - but ; )
A el aes 1 Igbgtzg%%}hep{aﬁuoro W@k PUtene; 59 4.4
1,1, 2,11% %ﬂﬂ@f&@fahé‘or 0- | 1hut BB@ heptafluorobutane;  1,1,1,2,3,3,4-
1,1,2,3 - pent af | uor o- |~ but ene

1,1, Z]’@piﬁ,ﬂp@fﬂbgfamgor o- LA %ﬁé—heptaﬂuorobutane 1,1,1,2,4,4,4-
1,1, 3,,3 a or oO-
vent arinEPRSReRipEncs 13r B R pedatyipiadae, | 11122334
1,2, 3,0%;ta‘ﬂ’uoftﬂﬁhtﬁ1fel uorniji; Ry emgoctaﬂuorobutane 1,1,1,2,3 3 4.4-
1,2,3,4, 4-pentafl uoro-1-bute
pent af? C@%ﬂ"@rqb—u%leene 1,5,18.54 440%%{@05?11“5%9‘30 | - bdtlehe 4
2,3,4,¢ fel uqro fluorobut 1,1,1,2,2,3,4,4,4-
3349 jmo R, o3t {b%??eﬁg%n? 123,53 4-
hexaf Imaﬂuérobumme 1, 1- fﬁxoﬁq a—methselpamaumr o- | - Butdiflgoro-2-
1,1,2,4,4,4- hexaflu but
1 2 3 ey pronaRes | oo e ossiethylprogang: 4 41,1, 1-trifluoro-2-
hexaf | h tene; 121 Rudhtbréddnbaxpbdpaaco- | - hi-gifi@oro-2-
1,1, 2,% 9?5%1 e taf i doro-| -rbutenegq%l,pd&l
ﬁ 2, 3, (atluaroa;ne:ibxdbmbpmr o- 11,1, btetrafleoroi2-methyiprapapey - 1,1,3,3-

ept af | yor o-

1,2,3,% ﬁ yorg: %‘86&%&%@8 | - blttehEiuprg 2iffipgromethybpropane;
but eneq 121 jjJﬂgﬁtgﬂgorbLg_ﬁﬁ@,, gﬁggane; f I uor o- 2- bt X hestrafluoro-2-
1, 2-di fluor o- 2- but ene; WO 2004/ 058835
P

CT/ Uﬁb@gjx@ﬂbﬁh;_ropane 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; vinyl



110 1, 3-di fl uoro-2-butene; 1, 4-difl uoro-2-butene;
2,3-difluro-2-butene; 1,1,1- trifluoro-2-butene;

wa 2004258935 f | uor o-2-butene; 1,1, 3-trifl uoro- 2- bRCEMS2003/040341
1,1,4- trifluoro-2-butene; 1,2,3-trifluoro-2-butene;
1,2,4-trifl uoro-2-butene; 1109 1,
1, 2-tetrafl uoro-2-butene; 1,1, 1,3
-tetrafl uoro-2-butene; 1,1,1,4- tetrafl uoro-2-butene;
1,1,2,3-tetrafl ugro-2-bhuteng;..1. 1, 2, 4-tetraflyoro-2-
but enet?uofﬁ%’, g,’lﬁ‘@ggrrogﬁeﬂ%r ggﬂléﬁqrgﬁ%‘?ﬂe’ 1.1 3 uiltnoroet ene; 1-
1,1, 1, ficBoepdnef | UOT,0-AAbERGene; 1,2-difluoropropene; 1,3-
1,1,1, 2, 4-pent af | uor o- 2- but ene; _
1, 1, 1, difluorgpiepens; yoRe-diffygraprepens;, 1, L3 4lifluoropropene;  1,1,2-
pent af.l. - 2- .ene; 1 1. 4- pent uor o-2- but ene; i
Dol 5 iHE0pa B 3 hfhurn Brofe S M B ARG BB 3 3
1, 2, 3,téflhexvafdpuns; 02,2,—3hﬁﬂaﬁﬁprdbeﬂ;e;%},3,3§t|ri4luorop£opbente; 1-fluoro-
h fl ro-2-butene; .1, 1,1, 3,4, 4- hexaf | uor o- 2- but ene;
1e)1(a1 128%?1213.; Zdlogrq- 1 drtsne; @Dﬂ@{@-’l-butene; 4-fluoro-1-butene; 1,1-
11,2, 8-106at8ld; UK - AnlbtheNButede; 1+ Y:32aifndrodiopene;  1.4-
hept af(ﬁlfgorro- gﬁguténe;’ wterte; ™ Lo-diu O%r()pene’ ’
1, 1, 1,difluqrd- 14biienst; afl, 3rdiftuce- e &}ddiﬂw@twﬂeﬁneﬁle; 3,3-
thereof_, 23.. The copol ymer of .claim 12, wherein the
one orglwg'lﬁ%?qﬁl Bér %@gi’%’(ﬁ.{w‘?gﬁm@i “Hidifpserddmiene;  1,1,2-
sel ect@fludloombiBee; a7 O RiFRISI1ShBR; 9f1 {-LHAIROBLRRAR; 1.2,3-
di f| uor onet hane, trifluoronethane, 17°1

- di f| vdfleerorabeene 12,4-triflwardildortess; b g rifhiord-1 -butene; 1,3,4-

1, 2-tet.paf | uor get han d m.xtuyres, thereof . . . The
copol 3/%%‘?“8 %Jl '%11%81?%&} f§4 T 1)r'§bucl%?fée’ apﬁgﬁfu%%‘ﬁ‘é?qt?@s 2,3,4-
f rom Bflaeroli0Butene une t4kdré- 10aR&k; 9P AMNRE- 9t Kktene; 3,4,4-
vol une of the diluent. 25. The copolynmer of claim12,
wher eitfiflaore-1dbyterast 4dehpifiusse1thugane201,.1.2.3 B0 aflvaiotirbutese;

HFC basgsl 4L 211 . vol f .1 he diluent. 26. )
[ LR BRI S, Y0, KD Pl | M 201,154
conpr itsteflubro tabent 0 l@g,4-m|aﬂﬁaro%ﬁbﬁ€n@alsﬁﬂ,3}Bpté?aﬂﬁkﬁ'o-l-
total ,volu f the diluent. 27, The copol yner o
cl ai mbf'f}leﬁ@%e‘f'ﬁtﬁaﬂéo@r 1-butgness h?ﬁkfbtetreﬁﬂ?rprlsbsteae; 1,3,3,4-
hydr ogaf -ApiRer €Al AR ahalion LARHL.Or 27 4. -1-
gas. AR B LR PR Rl DnRrg 1 434 '_[Tl‘ﬁ‘éﬁ“"m !
copol yutene;0?,3 S atamafdoronhbutensy 2,84, hietaficavbiobutese; 82,4,4,4-
hal oQ%&?a&]%%ro-l—butene; 3,3,4,4-tetrafluoro-1-butene; 3,4,4,4-tetrafluoro-1-
butene; 1,1,2,3,3-pentafluoro-1-butene; 1,1,2,3,4-pentafluoro-1-butene;

1,1,2,4,4-pentafluoro-1-butene; 1,1,3,3,4-pentafluoro-1-butene; 1,1,3,4,4-

pentafluoro-1-butene; 1,1,4,4,4-pentafluoro-1-butene; 1,2,3,3,4-
pentafluoro-1-butene; 1,2,3,4,4-pentafluoro-1-butene; 1,2,4,4,4-
pentafluoro-1-butene; 2,3,3,4,4-pentafluoro-1-butene; 2,3,4,4,4-

pentafluoro-1-butene; 3,3,4,4,4-pentafluoro-1-butene; 1,1,2,3,3,4-
hexafluoro-1-butene; 1,1,2,3,4,4-hexafluoro-1-butene; 1,1,2,4,4,4-
hexafluoro-1-butene; 1,2,3,3,4,4-hexafluoro-1-butene; 1,2,3,4,4,4-
hexafluoro-1-butene;  2,3,3,4,4,4-hexafluoro-1-butene; 1,1,2,3,3,4,4-
heptafluoro-1-butene; 1,1,2,3,4,4,4-heptafluoro-1-butene; 1,1,3,3,4,4,4-
heptafluoro-1-butene;  1,2,3,3,4,4,4-heptafluoro-1-butene;  1-fluoro-2-

butene; 2-fluoro-2-butene; 1,1-difluoro-2-butene; 1,2-difluoro-2-butene;



hydrocarbon other than an HFC. 29. The copol ynmer of

cl aim 28, wherein the hal ogenat ed hydrocarbon is
worbtdwosssshl ori de. 30. The copol yner of cl ai m 1BCT/US2003/040341

wherein the one or nore Lewis acid(s) is represented

by the formula MX4; wherein Mls a Goup 4, 5, or 14

nmetal ; and each X is a hal ogen 31. The copol ymer of

cl a|m12 V\/nereln the one or nore Lewis acid(s) is

o bup o diuty-250iee? T o eES Ehlen; WORATR Mouteper 4.1.1-
Cl2 hygifeearbentehadi, caltriflnclepenatens:; 1y, 3:@1%@&5%&&1%“1 1,4-

t he group conS|st|ng of an al kyl, aryl, aryl

kyl
al ky| dfifluorogtrijuiepesl oal Wrtrlﬂam%bgtenn i sl,aﬁ-tnﬂuegez-butene

copol i AP B raRile e 7 1 Do P o 1114

aci d( St)strﬁ@or@-@ﬁf@@ﬁ% ed, Zzy-tef\‘;lfh@lubg mﬂuﬂane 1 1 2 4-tetraﬂuoro-2—
RO nR' nx4 erein IS oup 5,

rl\:(et al) - budenen ™ (Rclﬂ %%etf?&wva?éwfen@% t & 1d32)3m¢maﬂagrr0b2}bytene

radicaf 1 j 5 t 1,0 )

consi ?t’. ’ngd‘gpglﬁmtriox%},ﬁ&lef;]l o’xy3 Jg %@F%o%%ﬂene’ L1144

al kyl greptadboypro-2dieat;s; eac;lhz R4-pentdlusesnovbatedsf Cl 102 4.4-
Cl12 hydr r adi cal ently selected from

ocar bo nd
t he grﬂfﬂ&%@SWég'Qmeﬁﬁr of 1aln1 §% ﬁexagl,ug)qo- “QPVP%I kyll;1.1,2,4,4-
al kyl %&hﬂu&ﬁ@&x&{eoa' k¥'1 1f?d'401?éx§gu&o'23b&@ d:nt eqelt,h44 4-
fromO to 4, mis an integér from éren
sum ofheﬁa@moﬂrblgemt ok, 2, 3t4vrhexfluoend-bwen20041 Q58835 4-
PCT/ U%%%%%/ugr%gf—%%tenélzl,1,1,2,4,4,4-heptaﬂuoro-2-butene; and mixtures

thereof.

23.  The copolymer of claim 12, wherein the one or more hydrofluorocarbon(s)
is independently selected from the group consisting of fluoromethane,
difluoromethane, trifluoromethane, 1,1-difluoroethane, 1,1,1-

trifluoroethane, 1,1,1,2-tetrafluoroethane, and mixtures thereof.

24.  The copolymer of claim 12, wherein the diluent comprises from 15 to 100

volume % HFC based upon the total volume of the diluent.

25.  The copolymer of claim 12, wherein the diluent comprises from 20 to 100

volume % HFC based upon the total volume of the diluent.

26.  The copolymer of claim 12, wherein the diluent comprises from 25 to 100

volume % HFC based upon the total volume of the diluent.

27.  The copolymer of claim 12, wherein the diluent further comprises a

hydrocarbon, a non-reactive olefin, and/or an inert gas.



each X is a hal ogen. 33. The copol ynmer of claim12,

wherein the one or nore Lewis acid(s) is represented
woyoddvssd3sr nul a M RC=00) nR mX4_(mtn); wherei n RCTAIS2003/040341

Goup 4, 5 or 14 netal; each RC=00 is a nonoval ent C2

to C30 hydrocarbacyl radlcalllindependently sel ect ed

fromthe group consisting of an al kacyl oxy,

aryl acyl oxy, arylalkylacyloxy, al kyl aryl acyl oxy

?9' Call“ﬁ%o glane aF % &b égéc(j ? tthgh dg%ct n is a ha]tg)genated

hydr ocar fromt

gr oup hﬁﬁemﬁbmn@haﬁhammaHEﬁl aryI aryIaIkyI,

al kyl aryl and cycl oal kyl radicals; nis an integer
fromO to 4, mis an integer fromO to 4, wherein the

f’]g??o‘)f THe 6}%90 8 dTOL1 fﬁ?rﬁ t‘?@é}?lﬂ theaﬂa% {édxhﬂfcﬁo@arbon is

gen. e copo ynmer aim1l erern

one or nrtryéchlevids aci d(s) is represent ed by the
formula MOX3; wherein Mis a Goup 5 netal; and each
X is a hal ogen. 35. The copol ynmer of claim 12, wherein

tbe On?hQ rcoﬁ&&ﬁleﬁ%WcﬁuﬁCle(\ﬁﬁerbﬁ the Egteese RoRd LRWid Hﬁd(s) is
formula MX3; Wwherein Mis a Goup 13 netal; and each

X i s ardpagsenfed by 36 foiﬁhelad‘dﬁal ymer of claim 12, wherein

t he one 19 df, presented by the
for mul 3’ f@r”aﬁfé’%m 12 et%’%‘ffg 13 netal; each R

i s a nenevakenhal&lent O C12 hydr ocar bon radi cal
i ndependent |y s ected fromthe group consi sting of
an al kyl, aryl, yl al kyl, al kyl ary and cycl oal kyl

r §f“ Cal'[‘ﬁe c}%)ol?glgrd' /og%isa%%Slf %ﬁé%?glo%%/ Q803 hore Lewis acid(s) is

represented by the formula MRpX4.y

wherein M is Group 4, 5, or 14 metal;

each R is a monovalent C; to C;; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

n is an integer from 0 to 4; and

each X is a halogen.

32.  The copolymer of claim 12, wherein the one or more Lewis acid(s) is
represented by the formula M(RO)R'mX4-(m+n);
wherein M is Group 4, 5, or 14 metal;
each RO is a monovalent C; to Csp hydrocarboxy radical independently
selected from the group conmsisting of an alkoxy, aryloxy, arylalkoxy,
alkylaryloxy radicals;
each R' is a monovalent C; to C;; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 0 to 4,
m is an integer from 0 to 4, wherein the sum of » and m is not more than 4;

and



113 nis an integer from1l to 3; and each X is a

hal ogen. 37. The copol ynmer of claim 12, wherein the
wone4mssespre Lewi s acid(s) is represented by POEUS2003/040341

formula M RO nR mX3-(m+n); wherein Mis a Goup 13

metal ; each ROis a nonoval gy Cl to C30 hydrocarboxy

radi cal independently selected fromthe group

consi sting of an alkoxy, aryl oxy, arylal koxy,

al kyl ha |s; each R is a nonovalent Cl to

Cl12 h?%x%g§¥bon ﬁa |cal i ndependently selected from

the group consisting of an al kyl, aryl, aryIaIkyI

al kylaryl and cyc alkylrdlcal;nlsanl er . X
¥ orhe,capol W?rsoéf‘rla}rﬂt]@gé’ﬁl SFF1BHD O O3, MQfie EVR 19LS) s

sum OfreEregééﬁ:li ] fheltd 1&1\4(%@0(?& r%)%%% X 1s a

hal ogen e cop of ¢ wherein the
one orwhara MewGsoupd, (5(91)14metaﬁepr esent ed by the

et SEAC RGO & HOROU ot 19 oot dNERRHO Fadical

radi Caﬂndéﬁlﬂﬁé}ﬁﬁd gabit¥d ﬁ&lne‘ﬁ{ee %récfo @bﬁshﬁlr%r @¥Pan alkacyloxy,
i ndependent |y Sel ected fromt roup

consi saryhgyloky,amlalkklacylbaxwlkydmvlaaygomxa}dlca S;

B

| ndepequiepdd ﬂomsmla &qﬂ chRsAin Eh&f A Supl, @gﬂs laBllhIRGl, Qfkylaryl
an’al kyl, aryl, aIkyI ylaryl ~and cycloa kyI
radi cains CYﬁlonaBthﬂdiqﬁliSeger from 0to 3; mis a integer

fromO e sumof n and mis from1l to
3; andngsanlﬁteég s(%%ﬁé:abgen 39. The copol yner of
cl ai m 43s aniiggget frobdh®toohewlttteiflicesune vl B aad intié ipt ndre than 4;

and

each X is a halogen.

34.  The copolymer of claim 12, wherein the one or more Lewis acid(s) is
represented by the formula MOX3;
wherein M is a Group 5 metal; and

each X is a halogen.

35. The copolymer of claim 12, wherein the one or more Lewis acid(s) is
represented by the formula MX3;
wherein M is a Group 13 metal; and

each X is a halogen.

36.  The copolymer of claim 12, wherein the one or more Lewis acid(s) is
represented by the formula MR X3, .
wherein M is a Group 13 metal,;
each R is a monovalent C; to Cy; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;



represented by the fornmula MXy; WO 2004/ 058835

PCT/ US2003/ 040341 114 wherein Mis a Goup 15 netal;
weacd¥/0¥843s a hal ogen; and vy is 3, 4 or 5. 40. pCinAajs2003/040341
copol ynmer of claim 12, wherein the one or nore Lew s
acid(s) is represented by e formula MRnXy_n;
wherein Mis a Goup 15 meta]I; each R is a nonoval ent
1531 to (hflz hydrocarbon radical independently selected
romthe grqu ons i ng ,of an al kyl, aryl,

aryl al"’k'§ nth %0 %fnag‘dcycl oal kyl radi %:/al S; nis an
I nt eg%ﬁcﬁxqgrhgafo% y is 3, 4 or 5 wereinnis less
than y; and eac Xis a hal ogen. 41. The copol yner of
claim 12, wherein the one or nore Lewis acid(s) is

present e t f s a M%%Q I

97 Zﬁ’@‘r%({?ﬁ)%%%ﬂr d?n{néigth |2111:g ag%%ﬁgva 2eenlfé@t](‘i:g a%id@s) is
C30 hytelpreseitdacheythe sthradd M(ROgFEREentdy sel ected from
t he group consisting of an al koxy, aryl oxy,

aryl aI‘R@t?ﬂnMa‘-’r & Grapyi3oRgtakadi cals; each R is a
monov aé RO %1 Ts L OnSthmalOe9G8 rd%? 'Ezﬁﬁ)@hl%@ky A QH&’eﬁﬁhHéhtly

selecte he group consi s an al kyl, aryl,
aryl alsglctedafrbanl ey froup nubneiptin® aif kayi alkagy.c alyéoxyn argakkaxy,
|nteger fromO t@é mis an integer fromO to 4; vy
is 3 alkgrryloxy#RTFdS N the sumof n and mis |ess than

y; defﬁﬁq@hlsxa InSorfovRBhiO8ENo @3- hydiScHBRP kahiEd 1ﬁﬁependently

cI aim wherein the one or nore Lewi s acid(s)
selected from the group consisting of an alkyl, aryl, arylalkyl alkylaryl
and cycloalkyl radicals;
n is an integer from 0 to 3;
m is an integer from 0 to 3, wherein the sum of » and m is from 1 to 3; and
each X is a halogen.

38.  The copolymer of claim 12, wherein the one or more Lewis acid(s) is

represented by the formula M(RC=00)R'mX3-men);

wherein M is a Group 13 metal;

each RC=00 is a monovalent hydrocarbacyl radical independently
selected from the group independently selected from the C; to Cs group
consisting of an alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals;

each R' is a monovalent C; to Cj, hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

n is an integer from 0 to 3;

m is a integer from 0 to 3, wherein the sum of » and m is from 1 to 3; and

each X is a halogen.

39.  The copolymer of claim 12, wherein the one or more Lewis acid(s) is

represented by the formula MX;



represented by the fornmula M RC=00) nR nXy_(mtn);

wherein Mis a Goup 15 netal; WO 2004/ 058835
WOeCH49S&B83/ 040341 115 each RC=00 i s a nonovabPemusni/o40341

to C30 hydrocarbacyl oxy radi cal independently

selected fromthe group consisting of an al kacyl oxy,

aryl acyl oxy, arylalkylacyloﬁﬁ, al kyl aryl acyl oxy

radi cals; each R is a nonovalent Cl to Cl2

hydr ocar bon_radi cal i.ndependently selected fromthe
group“@@ﬁ%?%ipﬁﬁg%Ppéﬁngﬁ yl, aryl, arylalkyl,

al kyl anl x i@nfaiey&sl; aad kyl radicals; n is an integer
fromOto 4, mrTs an integer fromO to 4; y is 3, 4
or 5, yihdsreoms.the sumof n and mis less than y; and

each X is a hal ogen. 43. The copol ymer of claim12,
wherein the one or nore Lewis acid(s) is

igndepandenipblynie! Fcdlfith fipoWhbleem ot 60Msdrs tliewgs atid(s) is
titaniumtetrachl ori de titaniumtetrabrom de,
vanadirepreseateddwyihe faraala MRaXs-et r achl ori de, zi r coni um

tetrachl ori ti i mde trichloride, titanium

di br ont éelﬁs}g}ﬁaoélr}loglg,lglﬁl/%%lgdi um brom de trichloride,

tin chhek iIRDes tar mbhowildmeC, eyl yidiauarhom radidat hbdepeddently
di benzyl titani um di chl ori de,. bg?zylbaﬁ' rconi um lalkvl. alkvlarvl
tri chisgleried fromithe goppAansisting of anpliosh awl atylalkyl, alkylary
met hyl t iyt ani j oride, dinethyltitanium

difl ué%‘?&ga%%‘{aﬁ;?%i n di chl ori de, phenyl vanadi ul n

t ri chlyoisiad éntegatiionx9 to #;ani um tri chl ori de,
n-butoxytitaniumtrichloride, di(isopropoxy)titanium

di chl s de? OpPMBSEGR 18 1S3 AT BROni de,

phenyléggﬁmgg%hfoggﬁli umtrifluoride, nethyl
met hoxyti tani um di chl oride, nethyl nmethoxytin

di chl ori de, benzyl i sopropoxyvanadi um di chl ori de,

o5 AL S BARERY B i s

uor
| sopr apekéntd bytht Fhretll OM(RE), REKNW., acet oxytitani um

di chl or1 de, benzyl benzoyl oxyvanadi um chl ori de,
wherein M is a Group 15 metal,
each RO is a monovalent C; to C3o hydrocarboxy radical independently
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy,
alkylaryloxy radicals;
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;

yis 3, 4 or 5, wherein the sum of » and m is less than y; and

each X is a halogen.

42.  The copolymer of claim 12, wherein the one or more Lewis acid(s) is
represented by the formula M(RC=00);R'nXy-(m+n);

wherein M is a Group 15 metal;



vanadi um oxytrichloride, alumnumtrichloride, boron

trifluoride, gallium trichloride, indiumtrifluoride,
webtbloassssi num di chl ori de, nethyl al um num di chComise®3/040341

benzyl al um num di chl ori de, isobutylgalliumdichloride,

di et hyl al um num chl ori de, di net hyl al um num chl ori de,

et hyl al um num sesqui chl ori (%ie, nmet hyl al um num

sesqui chloride , trimethylalum num triethylal um num

met hox 1N di chl ori de, ethoxyal.um nym :
D004 GH8ECRAR) UsFaririsnt o1 e P Oegeeyiory  radical
2, 6- di ipli§fchddimlyy kABRBOXf¥th UtHeN Urouhl eBhsdtinge of Mt hkekyloxy,
nmet hyl al um num chl ori de, 2,6-di-tert-butyl phenoxy

met hyl aylaeyloxymarddlkplerdexy.iaofersrexdpys radicas;

di chl ori , phenox thy i.ndium f ride,. .

acet ox\ ﬁqsﬁn ﬁu%n“b‘i%’ﬁfﬁg?ﬁ g’Jé,tob H%cirg%;g Fdigal, independently
di br ondefigted MeAZAY P00 adsisuny dff dnuglicherylmaiyiaikyl, alkylaryl
acet oxyal um num chl ori de, isopropoyl oxyi ndi um

t ri chlandicayeloakkst 1agisals; hexachl ori de, " anti nony

hexaf | yor i I [ ent af |l uori de, antinony chloride
pent af’?%oapﬁgfg‘?& aoﬁlggﬁ?g" trifluoride, bismuth

tri chlgns geingggeefibm Flouri de tetrachl ori de,

tetraphenyl anti nony, chl oride, triphenyl anti nony
di hi oF iocie or SevheiEin By Bk et iSﬁ%ﬁ%ﬁl}an y; and

di met h ' nti nony, dichoronet hoxyarsi ne,
%?é%{r%{ iﬁ%rﬂaﬁflg‘%ﬁ‘.

chl or odi oxyarsi ne, difluoromethoxyarsine,
acet atotetrachl oroanti nony, (benzoat o)
or oant i non ' acetate chloride.

tetrac ,, an i smut.h . )
3 ThEDETaTYHE Ob PG ol T HRALE i S BOBLER RAE i
Lewi s agésthddntlySseldcRASRGAURNEoMp @@ﬁs@ﬁfngd)fftﬁﬁiﬁﬂlh&rachloride,
group consisting of alum numtrichloride, alumnum

tri br otifadiam etrhglogliderivanadiah d¢trashlogide, @n Fjaghloriiley aconium
sesqui chl qri de, .di et hyl al um.n chl or. . . . .

ot hy Gt it TR il gibromide dichloride,
sesqui Gdna@fubf erordidee trvhligrldem i chidrider irtfvoride) ®Bnzyltitanium

trifluoride, and titaniumtetrachl oride. 45. The .
copol yhishlogidec| dibenzybitanipar elichlenide, | bgpaylzrcppiung Hishlogide,

;?gﬁg“@geﬁz&%{ﬁ@f gdabﬁg{oglggﬁ'_ a MBmyhBh&nM S Richloride,
dimethyltitanium difluoride, dimethyltin dichloride, phenylvanadium
trichloride, methoxytitanium trichloride, n-butoxytitanium trichloride,
di(isopropoxy)titanium  dichloride, = phenoxytitanium  tribromide,
phenylmethoxyzirconium trifluoride, methyl methoxytitanium dichloride,
methyl methoxytin dichloride, benzyl isopropoxyvanadium dichloride,
acetoxytitanium trichloride, benzoylzirconium tribromide,
benzoyloxytitanium trifluoride, isopropoyloxytin trichloride, methyl
acetoxytitanium dichloride, benzyl benzoyloxyvanadium chloride,
vanadium oxytrichloride, aluminum trichloride, boron trifluoride, gallium
trichloride, indium trifluoride, ethylaluminum dichloride, methylaluminum
dichloride, benzylaluminum dichloride, isobutylgallium dichloride,
diethylaluminum chloride, dimethylaluminum chloride, ethylaluminum

sesquichloride, methylaluminum sesquichloride , trimethylaluminum,

triethylaluminum, methoxyaluminum dichloride, ethoxyaluminum



46. The copol ymer of claim 12, wherein the one or nore

initiator(s) conprise a hydrogen halide, a carboxylic
waeim/osss3sar boxylic acid halide, a sulfonic aeCuusa03/040341

al cohol, a phenol, a polyneric halide, a tertiary

al kyl halide, a tertiary ar%ky halide, a tertiary

al kyl ester, a tertiary aral ester, a tertiary

al kyl et her a tertiary aral kyl ether, an al kyl

hallde ryl al k hal ar, an
aryl al |ed h%r%?%"te‘%\%@@ﬁ %aé é’ %%@66%%046%%110@
117 47meﬂiyﬁltﬁﬂﬁﬁl|ny NEflo@de, C1286-0-fed- butfiph&idkyt h@e® S}Fahﬁf)mum
nore initi ator(s) is inde endently sel ected from

gr oup @derid estlmgop@gigmlum dﬂoné@ heheopxy nietpdigaed  fluoride,
C6
- "Eﬁf%gﬁﬁwéﬁl pr o‘%g@ggd %’ﬁgogig 6%?19%2{1&3? ) c{%gfc?ﬁnde

12 V\Hﬁnemyioxmllﬁme afiflodide, | rihéthﬁt Obédidxyafuminum  chloride,
i ndependent |y sel ected from the group consi sti ng of
hy dr og&PPrERYSRYaRAIumN yichlgsidenr sy hirekasbleridf.odandisnony

acet | Cheabfichrida! Ozﬂgéh% Cpf%]‘t: defhoriflt %Hﬁfn%n& aghiga§! pen?a{ﬁuonde

aci d, benzol ¢ acl roacet
di chl orseiettiifuerdded, bistuitc hhohﬂoadeetar@en&xm ﬂhorlde tetrachloride,
chl roben20| c acid, p-

trifluo cetic.acid,
fl Iuor gtﬁé?'@ﬁ Ia%wpﬂtlly acgf’wn %l or i el e‘%@c“}‘llo@r oni dighloride,
Ci NnnaniiradhltOhb@8xyadt@agy! chloridey rﬁ%’déﬁﬂlc g%gl%bny,

trichl oroacetyl chl or| de, " trifluoroacet
p- f | uchddetemsitioatiansined echlnmdhaﬁh@mafma c déftuatomethoxyarsine,

trifluoropetha oni ¢

e chiGrBRERARGE PR Bintpaty). eiaghlpmanimeiand bismuh
aci d, arefaeasnéstdef onyl chl oride, nethanesul fonyl

brom de, trichloronmethanesul fonyl chloride,
trifluoronethanesul fonyl chloride, p- toluenesulfonyl

o e, BRI D0k BRI F RLEEERSL i

phe E Io I md@eﬂdﬂnﬁy | splleetﬁd lfrom ﬂleﬁgrldﬂlp'fedﬂ%ysltlﬁ efi@luminum trichloride,
p-c no

henol h
pent afalIi i e‘g‘ﬁ eﬁ%ﬁm gq(})lr 26 elﬂ’ﬂlﬁ&lyﬁ@p htdllféll@ﬁb: 4ghyphgninum
copol yagfui@lorfded] dﬁ: Gal Gl Qhﬁ)ﬂﬁ ég P{%C}B{lalﬂ&ﬁrﬁhm dlchlorlde

lnltlators I's ependent’ly se rom
consi Sﬂ@t}wahﬁllﬂumhlsesqm@lahd!b- dimethylaluminum chlorlde boron

trifluoride, and titanium tetrachloride.

45.  The copolymer of claim 12, wherein the Lewis acid is not a compound

represented by formula MX;, where M is a group 13 metal, X is a halogen.

46.  The copolymer of claim 12, wherein the one or more initiator(s) comprise
a hydrogen halide, a carboxylic acid, a carboxylic acid halide, a sulfonic
acid, an alcohol, a phenol, a polymeric halide, a tertiary alkyl halide, a
tertiary aralkyl halide, a tertiary alkyl ester, a tertiary aralkyl ester, a
tertiary alkyl ether, a tertiary aralkyl ether, an alkyl halide, an aryl halide,
an alkylaryl halide or an arylalkylacid halide.
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49.  The copolymer of claim 12, wherein the one or more initiator(s) is
independently selected from the group consisting of 2-chloro-2,4,4-
trimethylpentane; 2-bromo-2,4,4-trimethylpentane; 2-chloro-2-
methylpropane; 2-bromo-2-methylpropane; 2-chloro-2,4,4,6,6-
pentamethylheptane; 2-bromo-2,4,4,6,6-pentamethylheptane; 1-chloro-1-
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-



53. The copol yner of claim 12, wherein the contacting

further conprises contacting one or nore nonomer(s)
wondepsssdent |y sel ected fromthe group consi sSPCHESeG03/040341

styrene, para-al kyl styrene, para-nethylstyrene,

al pha-nmet hyl styrene, divinykbenzene,

di i sopropenyl benzene, isobutylene, 2-nethyl-1- butene,

3-met hyl -1 - but ene, 2-nethyl -2-pentene, isoprene,

but adi g&ggiyéq%}aanlg%lﬁglt [1 lbé&zosfleck’?&gﬁlg;(bgg?eélﬁé?' Rh-%%qf-’acetoxy-l-

nyrcene, ul've

cycLoFﬁmﬂ@ﬁm?ny, nnhmyk%cysh@perbﬁdﬁbheﬂ—mﬁﬁﬁyy%ﬁn&PhﬂwD

net hy Vi n et her, et vi.ny t her, and_isobuty

vi nyi BEHERS VD %@&h%a%@é—tn@ﬁhxﬁ’mwmos&fsomwxz@fh‘l—

The co ny ob._ ecadi .ne, wh ' A

t he coggill%/{@i) eli%gm@’lhal ogethn%?%)gr?o foﬁﬁﬁoghﬁéél oge‘%,g%{é? 1Bxy-2

copol ymethylgzbparth e 2 augtbdxprd,40f,6-pkainme iy heptaae e R Aisdpnepoxy-

hal ogepat ed _copol [ hal ggenat ed. wi th chl ori ne or

br ont o Eo6 DRRBTESR I TRSE: of Tarlsk oipur By epfpe’ 1

hal ogemeRRyAlHmdntang! €al ShethdIGRthHRNzMeY0 g%?leﬁriﬁ(llptﬁgthoxy—l—
. e

the wei ght of the hal ogenated copol yner.
copol ymsthybfthyd) ai hegane;wh Srteitrbutfiel , hbisthoretivont lemethyiethyl)

fromO,5 W% ¢ . W % based N, t wei ght of the
hal ogeR%{{ZS’ae=%Bgri%%}sﬁﬁ@omrﬁ'émggﬁsﬁhx‘/ Fn%efngany of the
precedi ng cl ai ns, wherein the copolyner has a Mwv of

fromgreater than 50,000. 59. The copol yner of any of

t A& pr SBeePpR)ymrRPhslaimhds stheraimdhe opp P mere fritatogs)\irther
of fro te 1 .60. The copol yner of any
of the%@é@%ﬂ%ﬁ%@g?%&aﬁg%%’ the copolynmer has a

Mv of from greater than 500, 000. 61. The copol yner of

any of the preceding clains, wherein the copolyner has .
aSX/w offh? Pemlzgm@%%‘%a% ah vihenelp thpene gomong WItidiy6) FREprise

of any l%fatemfdn@r a8 AallBoonWELRHN_t he copol ymer

has agNMD of fr greater fﬂg% 2. gg@ The copol yner

of any of the preceding clainms, wherein the copol ynmer

h§§ The copolymer of claim 12, wherein the contacting further comprises
contacting one or more monomei(s) independently selected from the group
consisting of olefins, alpha-olefins, disubstituted olefins, isoolefins,
conjugated dienes, non-conjugated dienes, styrenics, substituted styrenics,

and vinyl ethers.

*53.  The copolymer of claim 12, wherein the contacting further comprises
contacting one or more monomer(s) independently selected from the group
consisting of styrene, para-alkylstyrene, para-methylstyrene, alpha-methyl
styrene, divinylbenzene, diisopropenylbenzene, isobutylene, 2-methyl-1-
butene, 3-methyl-1-butene, 2-methyl-2-pentene, isoprene, butadiene, 2,3-
dimethyl-1,3-butadiene, B-pinene, myrcene, 6,6-dimethyl-fulvene,
hexadiene, cyclopentadiene, methyl cyclopentadiene, piperylene, methyl

vinyl ether, ethyl vinyl ether, and isobutyl vinyl ether.
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59.  The copolymer of any of the preceding claims, wherein the copolymer has

a Mw of from greater than 100,000.

60.  The copolymer of any of the preceding claims, wherein the copolymer has

a Mw of from greater than 500,000.

61.  The copolymer of any of the preceding claims, wherein the copolymer has
a Mw of from greater than 1,000,000.

62.  The copolymer of any of the preceding claims, wherein the copolymer has

a MWD of from greater than 2.

63.  The copolymer of any of the preceding claims, wherein the copolymer has
a MWD of from 2 to 6.
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i sobutyl ene/ net hyl cycl opent adi ene copol yner rubber,
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star-branched butyl rubber and hal ogenat ed

star-branched butyl rubber,,prom nated butyl rubber,

chl orinated butyl rubber, star-branched

poI yi sobutyl ene rubber, star-branched brorri nat ed butyl

I yi

8F, Y TARUERS U SAPEPS el il WHERJ: o coplymr s
poI y (| sMoohyy meosdpoﬁamadnyos:tglﬁ‘dhelﬁ 8 ah aaIiﬁ’@eASfFMID 1646).
pol y(i sobutyl ene-co-i soprene-co- p-net hyl styrene),
pol y(i sobutyl ene-co-isoprene-co-styrene), hal ogenated

Py (i fﬂé’éﬂtﬁbllﬁfﬂ& of GRy bBAR e{ﬁ‘ré@:dﬁ% cﬁ&ﬁﬂse%}zrem the cos)olymer has

pol'y(i sobutyl’ene-co- |sopr ne-co-a- nethylstyrene
hal ogemMO@depMisstﬂycdflﬂoym 8h e Tty 6G oph EMid- bcb &at 125°C, ASTM
nmet hyl Bt1%4g) and m xtures thereof.

66.  The copolymer of any of the preceding claims, wherein the copolymer has
a glisave from greater than or equal to 0.978 as determined by ftriple

detection SEC.

67.  The copolymer of any of the preceding claims, wherein the copolymer has
a g'isave. from greater than or equal to 0.980 as determined by triple

detection SEC.

68.  The copolymer of any of the preceding claims, wherein the copolymer has
a glisavg from greater than or equal to 0.990 as determined by triple
detection SEC.

69.  The copolymer of any of the preceding claims, wherein the copolymer has
a glisavg from greater than or equal to 0.995 as determined by triple
detection SEC.

70.  The copolymer of any of the preceding claims, wherein the copolymer has

no long chain branching.

71. A blend comprising the copolymer of any of the preceding claims and a
secondary rubber independently from the group consisting of at least one
of natural rubber, polyisoprene rubber, poly(styrene-co-butadiene) rubber
(SBR), polybutadiene rubber (BR), poly(isoprene-co-butadiene) rubber
(IBR), styrene-isoprene-butadiene rubber (SIBR), ethylene-propylene
rubber (EPR), ethylene-propylene-diene rubber (EPDM), polysulfide,
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isobutylene/cyclopentadiene  copolymer rubber, isobutylene/methyl
cyclopentadiene copolymer rubber, nitrile rubber, propylene oxide
polymers, star-branched butyl rubber and halogenated star-branched butyl
rubber, brominated butyl rubber, chlorinated butyl rubber, star-branched
polyisobutylene rubber, star-branched brominated butyl
(polyisobutylene/isoprene  copolymer) rubber; poly(isobutylene-co-p-
methylstyrene) and halogenated poly(isobutylene-co-p-methylstyrene),
halogenated poly(isobutylene-co-isoprene-co-p-methylstyrene),
poly(isobutylene-co-isoprene-co-styrene), halogenated poly(isobutylene-
co-isoprene-co-styrene), poly(isobutylene-co-isoprene-co-o.-
methylstyrene) halogenated poly(isobutylene-co-isoprene-co-a.-

methylstyrene), and mixtures thereof.



