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[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 wit% to
prepare high molecular weight butyl rubber.

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

system is typically composed of two components: an initiator and a Lewis acid.
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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.

[0006] However, there are a number of problems associated with the

polymerization in methyl chloride, for example, the tendency of the polymer
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the total volume of the slurry, diluent, and unreacted monomers. The subject of
polymer accumulation has been addressed in several patents (such as U.S. Patent
No. 2,534,698, U.S. Patent No. 2,548,415, U.S. Patent No. 2,644,809). However,
these patents have unsatisfactorily addressed the myriad of problems associated

with polymer particle agglomeration for implementing a desired commercial

process.

[0008] U.S. Patent No. 2,534,698 discloses, inter alia, a polymerization
process comprising the steps in combination of dispersing a mixture of

isobutylene and a polyolefin having 4 to 14 carbon atoms per molecule, into a
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combination. This combination provides a system in which the catalyst, monomer
and comonomer are all soluble and yet still affords a high degree of polymer
insolubility to capture the benefits of reduced reactor fouling. However, boron
trifluoride is not a preferred commercial catalyst for butyl polymers for a variety

of reasons.

[0010] U.S. Patent No. 2,644,809 teaches, inter alia, a polymerization
process comprising the steps in combination of mixing together a major
proportion of a monoolefin having 4 to 8, inclusive, carbon atoms per molecule,

with a minor proportion of a multiolefin having from 4 to 14, inclusive, carbon
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[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
world's increasing demand for elastomers and/or also provide for new end use

applications.
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[0016] The sequence distribution, characterization of the arrangement of -
the monomer units along polymer chain, of the prepared copolymers is influenced
by the polymerization conditions as well as the intrinsic reactivity of the
comonomers employed. The sequence distribution of a copolymer may be
expressed in terms of combinations of adjacent structural units. For example,
characterizable sequences of two monomer units are called diads. Three monomer
unit sequences are called triads. Four monomer unit sequences are called tetrads
and so forth. Copolymers prepared under different conditions with the same

comonomer incorporation may exhibit differences in their sequence distributions
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[0018] Because isobutylene/isoprene copolymerations are often conducted
in chlorinated hydrocarbons or mixtures of hydrocarbons and chlorinated
hydrocarbons, the degree to which the sequence distribution can be varied is quite
limited. Expression of this limitation is found by examination of the known
reactivity ratios of isoprene for isobutylene/isoprene copolymerizations See e.g., J.
E. Puskas, "Carbocationic Polymerizations" in Encyclopedia of Polymer Science
and Technology, (DOI: 10.1002/0471440264.pst040) John Wiley & Sons, New

York, 2003. Values for isoprene reactivity ratios, rp, under a variety of

polymerization conditions fall below 1.4 indicating a narrow range of available
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i soprene for_ isobutyl ene/isoprene copolynerizations
Sé:ént@reg triag fracgion p@g@sprepa@ﬁcf Bba==8iYeh p%monomer incorporation is

Zat [

RIS AR s Eting CpEREHES BRGS0 10 Moo ifgtion of
Wdr@yln&l@m&,s ahN@vuncviond,gr@d@®83. Val ues for isoprene
reactivity ratios, rlp, under a variety of
pol ynmeri zati on condi tions fall below 1.4 indicating a
n rang
pd 5003/ 8'04‘8%‘1‘%“‘\‘%‘1"?‘@%%? SRR e eHi02/34794 that discloses a
( Btde,radit® pmhyinéridaion pradess yireplardeclowpedrhomsr Other background

cortuttrPGHe T A2 & ST lPebh VD DRI by poten
C@ﬂb BesoRIETRAUS PatenfING 4,527, SRTRACUES, PatePNBO3 470,043 1 S

desirable for preparing copolyners suitabl e for the
si mul t aneous introduction of crosslinking sites and

f | . her background references
[ m&% @E?@‘ﬂ%‘%{‘?‘ﬁ%ﬂ%&a oses a free radical
pol yneri zati on process using hydrofl uorocarbons. O her

bac&g@ound references include DE 100 61 727 A, WO
964 \7@}60(#1@)@!6’@3} RO eSPafOénﬂier\ldj(’lEmG‘Q@UBVSProcesses

S B bl PR LR e

i mo&e]t paymersowiittiesew cequeave plityeionzg at inoparficder she snvention

r.isi di | uents conpr.i sin of lu ar bons. and
TPTidEs B gppli S 6P REVES SPrRTS RIFERORooouglsamcend o
d'rﬁﬁl’hbféﬁh' BRFerably PabdjhigABHient, h&ofc"‘ﬁ&%rh‘tﬂ? 1scﬁfr5ﬁé' d8fh new
for copol yners conpri Sing an isoolefin, preferably
| sefuange disibudinas.a nultiolefin, preferably a
conj ugat ed di ene, nore preferably i soprene, with new

[0021] In invention provides for a copolymer comprising an isoolefin,
preferably isobutylene, and a multiolefin, preferably a conjugated diene,
preferably isoprene, the copolymer having a copolymer sequence distribution
defined by:

F=mA/(l+mA)

wherein m is the copolymer sequence distribution parameter; A is the
molar ratio of multiolefin to isoolefin in the copolymer; and F is the
isoolefin-multiolefin-multiolefin triad fraction in the copolymer; wherein

m is from greater than 1.5.



sequence distributions. [0021] In invention provides
for a copolyner conprising an isoolefin, preferably

w0 sobuossgBene, and a nultiolefin, preferably a PCT/US2003/040916
conjugated diene, preferably isoprene, the copol ymer
havi ng a copol yner sequence dpstribution defined by:
F=mA/ (1+mA) 2 wherein mis the copol ynmer sequence
di stribution paranmeter; Ais the nolar ratio of
mulghp |l ef i n ' L : '
R S e S S N
in the copolyner; wherein inis fromgreater than

1. 200 8836. PCT/ 003/ 04091 9 [0022] .In _the

o B0 B AR iou P 581 PR bt G08 SeRahhen 3.
[0023] In the previous enbodi nent, mmay be from

greater than 2.5. [0024] In the previous enbodi nent,

m 883A1be f r dmtleg rraviens embedigiest, m 1AY 6 frohmgraatet then 3.5.
aspect of the invention, the invention provides for a
copol ymer conprising an isoolefin, preferably

| J0b28]y| ene, Inanditer Mepdck Dfahé Mavendbel e albdhiRn provides for a
conj ugat ed di ene, even nore preferably isoprene, the
ccﬁ&’BPS’Fﬁ?F CORNiPRg an é@@lﬂfylmefgr@hlyew@éutdlegc,r pnditei mmltiolefin,
def. M 1+mA) 2 rel L.S. the copol ymer

s 5%%%%gpgi%%¢#%%¥1%%ﬁ%a?gﬁgﬁggiB%ﬁ%gaYHgmnﬁggd%Xﬁﬁ??%nmr
ofhawinigtai cobelfyirer sajuesaaligtibutidnddfined eppol yner; and F is
the isoolefin-nultiolefin-multiolefin triad fraction

in the copolynmer; wherein mis from1.10 to 1.25.

[0026] In the previousgenpodi/vEpt,a My be from 1.15

to 1.20. [0027] In the previous enbodi nent, m may be
from1.15 to 1.25. [0028] In the previous enbodi nment,

m may bhe about .1.20. 029] In another aspect of the
i nveﬁt i oIy, ¢ {8 1P &6%&?&"3‘%“‘6} Seqvgace ﬂ&?flwtlogdﬁéwﬁ%%; A is the

pr oduc egbliy rdideod hE@s1sfie WREIHMY i MY BGSdINEe@hnd F is the
i sool efiin referably
1soolefin-multiolefin-multiolefin triad fraction in the copolymer; wherein

mis from 1.10 to 1.25.

[0026] In the previous embodiment, m may be from 1.15 to 1.20.

[0027] In the previous embodiment, m may be from 1.15 to 1.25.

[0028] In the previous embodiment, m may be about 1.20.

[0029] In another aspect of the invention, the invention provides for a

copolymer produced by the process comprising contacting an isoolefin, preferably
isobutylene, a multiolefin, preferably a conjugated diene, even more preferably
isoprene, one or more Lewis acid(s), one or more initiator(s), and a diluent
comprising one or more hydrofluorocarbon(s) (HFC's); the copolymer having a

copolymer sequence distribution defined by:

F=mA/(l+mA)>



i sobutylene, a multiolefin, preferably a conjugated

di ene, even nore preferably isoprene, one or nore
wh.ewi®588a8¢ d(s), one or nore initiator(s), and BCTUF20031040916

conpri sing one or nore hydrofluorocarbon(s) (HFC s);

the copol ymer having a copol,ynmer sequence

di stribution defined by: F= (1+mA) 2 WO 2004/ 058836

PCT/ US2003/ 040916 10 wherein mis the copol ymer

sequence distribution paraneter; Ais the nolar ratio

of nultiolefin to isoolefin in the copolyner; and F is

the i S]d&lrcﬁﬁilﬁ isuthé icopetlyiner edidnot eistribitionashrdmetet;i Anis the

in the copol wherein mis fromgreater than 1.5

or m i RO, b Mol to [iepdeffn itk theh EoRlwpFTy pnd F is the

embodi mtleﬁﬂngg% c#%e %?Rf&&fneéfagrﬁ%cheﬂ iff ik cﬁo@ﬁﬁgarlh Wilrein

the previous e m may rom gr eat

2.5. [MO32¢migreatdne¢hgmr ¥ oousis dmbotlil ent.25m may be from
greater than 3.5. [0033] In the previous enbodi nent,
mmay be from1.15 to 1.20. [0034] In the previous

erpestment . IMHE%eRsud é&ﬁ%&m@ﬁ hPmdy Bofroml A038d thhio fohe

previ ous enbodi ment, m nmay be mis about I,20. [0036]
In any of the previous enbodinents, the copolyner may

E RN e S L S e

present, the hal ogenated copol yrrer i s hal ogenat ed

wi th chlorine or bromne. 0038] In any of the
prl8032Qus entibihamsptieus gneorimesnts Brmay b«héomr@@@rrthan 3.5.
content is greater than O. 5 vvt%based upon the wei ght
of the hal ogenated copolynmer. [0039] In any of the
prie833xjus entindieyatisys shbsdipests animay b&iommal. DY .20.
content is from0.5 wt%to 3.0 wm % based upon the

wei ght of the hal ogenated copolyner. WO 2004/ 058836

P%’éiﬁZOOS/ Qf}%%:]lﬁevié&s embodiment, m may be from 1.15 to 1.25.

[0035] In the previous embodiment, m may be m is about 1.20.

[0036] In any of the previous embodiments, the copolymer may be

halogenated to form a halogenated copolymer.

[0037] In any of the previous embodiments, when present, the halogenated

copolymer is halogenated with chlorine or bromine.

[0038] In any of the previous embodiments, when present, the halogen
content is greater than 0.5 wt% based upon the weight of the halogenated

copolymer.

[0039] In any of the previous embodiments, when present, the halogen
content is from 0.5 wt% to 3.0 wt% based upon the weight of the halogenated

copolymer.



[0040] In any of the previous enbodi nents, the
copol yner has a Mv of fromgreater than 50, 000.
WO 04038880 any of the previous enbodi ments, thBCT/US2003/040916
copol ymer has a Mv of from greater than 100, 000.
[0042] In any of the previous;;enbodi nents, the
copol yner has a Mv of fromgreater than 500, 000.
[0043] In any of the previous enbodi nents, the

h d : .
(ORI oy Y praf AL BRRASER AP cdodlilfel Bk a M of
c ofperh yenesteriiban 30,0000 of from greater than 2. [0045] In

any of the previous enbodi nents, the copolyner has a
MAD of from2 to 6. [0046] In any of the previous

enfggginment s, npt : ' '

oot 2o o FORE TR AR RNARS S cHhSIERE! [ ¥ of
| frem grestertthan Kl0HB000ous enbodi ments, the copol yner has

a Mooney viscosity of from20 5to 60 5 (M. 1 + 8 at
125C, ASTM D 1646). [0048] In any of the previous

eno4ijnent s, Intg dfLthé pRiveus mbYdiR&RE USaLESbIyHLERS a Riw of
i soprene, when present, content is fromgreater than

0. fomgregertrms®0,008. any of the previ ous enbodi nents,
the nultiolefin, or conjugated diene, or isoprene,
when present, content is fromgreater than 1.0 nol %

[Jo843] | n ariy @ dffthe pre@idue sntRalAetaRE SopdlitBer has a Mw of

tiolefin, or conjugated diene, or isoprene, when
B}gé‘)sr’éﬂfe,ateéél?ﬂne]nﬂ)o%‘%dofrom greater than 2.5 ml % WO

2004/ 058836 PCT/ US2003/040916 12 [0051] In any of the
previ ous enbodi nents, the nmultiolefin, or conjugated
di[@6d] or i Jopngéthevheviopr astentimentsthe Bbpdlgmén l@Ma MWD of
gﬁgater {hg? 0 nol % [0052] The invention also

provy GBS 51801 p| end conpri si ng the copol ymer of any

of the previous enbodi nents and a secondary rubber
selected fromthe group consisting of at |east one of
ndfl r ubdamany pbihgipsepeusmmbagipents, the copolymer has a MWD of

from 2 to 6.

[0046] In any of the previous embodiments, the copolymer has a Mooney
viscosity of at least 20 + 5 (ML 1 + 8 at 125°C, ASTM D 1646).

[0047] In any of the previous embodiments, the copolymer has a Mooney
viscosity of from 20+ 5 to 60 +5 (ML 1 + 8 at 125°C, ASTM D 1646).

[0048] In any of the previous embodiments, the multiolefin, or conjugated

diene, or isoprene, when present, content is from greater than 0.5 mol%.

[0049] In any of the previous embodiments, the multiolefin, or conjugated

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

[0050] In any of the previous embodiments, the multiolefin, or conjugated

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



pol y(styrene-co-butadi ene) rubber (SBR), polybutadiene
rubber (BR), poly(isoprene-co-butadiene) rubber

W@ b@®R5883¢ yr ene- i sopr ene- but adi ene rubber (S| BR)/PS2003/040916
et hyl ene- propyl ene rubber (EPR)
et hyl ene- propyl ene-di ene rubbgr (EPDM, polysulfide,
i sobut yl ene/ cycl opent adi ene copol yner rubber,
i sobut yl ene/ met hyl cycl opent adi ene copol yrmer rubber,
nitrile rubber, propylene oxide polyners,
star-branched butyl rubber and hal ogenat ed
stl@95Hr anchda dmytoflthe prabibes embodinienta] the rhultiylefin udrahjugated
chl.ori nat ed butyl rubber, st ar.-gr anched ‘ .
figies SERReRR e henipERsen. Lot it PR rEeRT R b B areelout y!
(pol yi sobutyl ene/i soprene copol yner) rubber;

pol y(i sobutyl ene-co- p-net hyl styrene) and hal ogenat ed

p dﬂﬁll sobut yltenaveiop-atet providey farrehlend abraprisiag €t copolymer

DS Se e rengus SmbeSERcndct sipRare b Sk em the
Pairyip SRRLENAENGF GO- 18P bENEsC Antikal I @Lﬂﬁ%r,s tpolyisogsene rubber,

pol y(i sobutyl ene-co-i soprene-co-a- nethyl'styren
hapodxjeipiepnego-butadiene) rubber (SBR), polybutadiene rubber (BR),

| I «60- a- met hyl st ne),. an
BB BRG p HFish SABbGT TSR T s i tigned Tobber
t SIBR | yiliplengprdBilener QGRS PR i sthikne HRIPyRGEIFEheOREbber
or _nopre nononers,. one or nore Lew s acl ds and one or
mdEEDM)n; t palyspldiden t ebyylensdewctonsntagdiege | usapolymer  rubber,

c kS r ns.. . s).in

o O TR g PRy BlsP S By pigByiene
anxideepolpmbsdstae-htanchdd butyinbhén @l habginatdtaréranched butyl
progcess .to .produce polynmers of  nonomer(s) conprising

cdﬂﬁ%ﬁ’& ikﬁﬁl}’“P edguﬁ‘"éﬁctr&%?ert rfé‘?orﬂﬁFFélné?"(%l) rablera Yaviranched
a Th RUBBS NG S - § f : ; :
SN BRS8NI open
bycopelymeta MkBer; wipslishbutysnercgpenpthyBtyretedl ,anX ilmlazenated

N S S R -,

pabypmEthyBtyromt), MegdblyikcbitylaRl & -fsepeht-¥iRIykdR),0Nthaligenated

more nononer (s) to forma polyner, the polynerization

w@@ieylﬁw?%lanlﬁn¢-§9ﬂ@p&s@-c&rsw®, LewpelyGigetadgne-emisoprene-co-o-

nm?féeghﬂ%}fyfﬁgérlé %Qgragegﬂ %)S(B?y(%lﬁ'b%ﬁL%]?—%gﬂpgﬂrgﬂepc%-(g-rr]neetl?yrlstyrene),
and mixtures thereof. \

[0053] 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.

[0054] In another embodiment, this invention relates to a process to
produce polymers of ‘ monomer(s) comprising contacting, in a reactor, the
monomer(s) and a Lewis acid in the presence of a hydrofluorocarbon diluent,
wherein the Lewis acid is not a compound represented by formula MXs, where M

is a group 13 metal, X is a halogen.



[0056] In another enbodi ment, the invention provides a

pol yneri zati on nedium suitable to polynerize one or
worenoe/osasponer (s) to forma polyner, the pol ynRCT/BEs2008040916

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

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

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

conmpound represented by fornula MX3, where Mis a

group 13 netal and X is a halogen. [0057] In

preferred enbodi nents, the pol ynerization processes

ab@5bdi a &s ahesembbdithenty they mykentidre peoidel me pblymerization

abovie produce pol.yner.s that include l.y)lsobutyl ene
T SR o B e e P B RGBS S R polver the
CPBRmeARAton i@kl WolipeismBdom Ky hidr ITeRAs CRRIL)Y MHRE S

agq star-branched butﬁ{}fl_ rgubber t er pol yner s.RR \J NOCI;SmOre
[ oo88pr(sh gt ediluang cemprising ordf ontherehaedluornsaihontse (MEEIS).
dielectric constant and tenperature. [0059] Figure 2

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

veaosep fractd anothér Bylodifdeuqriae ardeation PratBddiyd polymerization
chl oride., [0060] Figure 3 is a plot of peak nolecul ar

wEtegHim swiRpls, tor RAEMATHED RS OF BSFR/BRBPBAN(VTtodermai pplymer, the
[ VI =Yeelo) lescrihe [ . r
4 BEGRICHERATRR Bp PERELLRET BRAF Tt At) B Bluene
peomeritiagenefor ndre Widiofluor@drfonés) t(HEC) andleteie theodé diPmore
i pcorporgted into the gopol yner.. 2004/ 058836 _ .
PS8 10 BUG PRGN BRFRERE DRI M i) is @ eroup
Vagi Qg a0 8CkhinGg] odi nents, versions and exanpl es of
the invention will now be described, including

preferred enbodi nents and definitions that are

a d herein for ,pur es of, under st.andi ng t he .
CHERAES o B PreliredR TR E RS e PolS R AR Hntites apd nedia
s@9Riescribed i anl Nofeihti eibodinbits 2BHRY pioduddpoBM&rkhat include
nore of the appended clains, including their

eGRAly)isobptyene an dogiaprbimess.or isqbuhilenstisemeng hatbusile rubber)
eg&ﬁo\i%&@} is'i)ButS/ﬂegg eantdhgﬁcyl@l.ry?enree&dpgﬁl%ers, and star-branched butyl

rubber terpolymers.

DRAWINGS

[0058] Figure 1 is a graph of the relationship between dielectric constant

and temperature.

[0059] Figure 2 is a drawing of diluent mass uptake as a function of

volume fraction of hydrofluorocarbon in methyl chloride.

[0060] Figure 3 is a plot of peak molecular weight (M,) versus monomer

conversion of certain inventive polymers as described herein.

[0061] Figure 4 is a graph of the relationship between the percentage of
the BII triad fraction and the mol% IP incorporated into the copolymert.



[ 0063] For purposes of this invention and the clains
thereto the term catalyst systemrefers to and
w0 pkisks36 any Lewi s acid(s) or other netal cop@li/ex1083940916
(descri bed herein) used to catalyze the pol ynerization
of the olefinic nononmers of ;fhe invention, as well as
at least one initiator, and optl onal |y ot her m nor
catal yst conmponent(s). [0064] In one enbodi nent, the
i nvention provides a polynerization nediumsuitable
to pol ynmerize one or nore nononer(s) to forma
pOFTAILEDBESQRIPTHONZzat i on nmedi um conpri sing one or
nore Lewis acid(s), one or nore initiator(s), and a
di | uent conprising one or nore hydrofl uorocarbon(s)
(gﬁf&zz [ 3968k 'eafe! tebodifRAL! TRions! B RUARIOBE the
ovi des a polynerrzation um sui t ab
pcmhwtaom »éll oo berdesmibed nncloding (psgfetred émbrmdlmeptsl apdedefinitions
' rizat.i n medi um ris e.ar re
| A FSaanes i P BFPORROT SRS e GHEsH Thgngion. For
hyidfepthi ﬂﬁ?g ﬁﬁ"ﬁﬁé&%%%)thé KESpe of MMBTShRntile” RNE réfer TIPSy one or

Lewi s acid(s) 1s not a conpound represented by fornula
Mx®re whie the Rppended grlmmp, in@uding aheianuuivalents dral elparents or

t OPhekopb R S8y R AR BB L on of o

pol ymeri zation conditions and conponents, well within
the ability of those skilled in the art necessary to
ol00643) t he  pgiobduErdseh obfthiy igseiticadandytieyelaims thergtgHhe term

aSIRESS R 50E) S ant naRIBeaR0 RO B, gty qmeta
Thomplex(e3) (dwmhedélemr)mseam oartslyzné the lpelymedrigzaeon afithiearefinic
process aqu@varratrons [ ynmerj zation

anveRHre %Sowi}? 8% a@&aﬁtw@e dedipfoppnd entipnally other

at1ﬁ1hb1bé5tﬁ§stcb p&reelﬁqred enbodi nents, such pol yners
i nclude pol yi sobutyl ene honnpolyners,

|sobutylene |soprene (butyl rubber) copol yners,

SBRALY archdl et SreplBsa Ty RE o g0 gy pomerization

Dighdégith sOR#H1S t(ﬁp&ibfhiéhk@ Bn®br eHoss ovbMer(HUSNormA psigfHer, the
iIs specifically defined to include chenicals that can

adolyarerization mesiyg rcopppaisingpre or more Lewis acid(s), one or more
initiator(s), and a diluent comprising one or more hydrofluorocarbon(s) (HFC's).

[0065] In another embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s) and a diluent
comprising one or more hydrofluorocarbon(s) (HFC); wherein the one or more
Lewis acid(s) is not a compound represented by formula MX3, where M is a group

13 metal and X is a halogen.

[0066] The phrase "suitable to polymerize monomers to form a polymer"
relates to the selection of polymerization conditions and components, well within
the ability of those skilled in the art necessary to obtain the production of a desired

polymer in light of process parameters and component properties described



Aci d, other nmetal conplexes as herein described,

initiators, nononers or other additives. In the
w@e@ensssas of the invention, the diluent does nPCT/EE1083/040916

the general nature of the conponents of the

pol yneri zation medium i.e., fhe conponents of the

catal yst system nononers, etc. However, it is

recogni zed that interactions between the diluent and

nt y :
i TR TadRarl i erod p oS oy AR MR Bioh Hocess and
c orgpiatien & e POIyRTesizatRINC corhiforRs a‘a’@]]ablecnoabﬂoduw(ﬂ&nﬂesired

Addl tionall ﬁ)p the termdiluent jng¢ludes m gt ures of at
dhpdymer | trijutesy - o Inyj prederred robBmentsy enich oPolygnessy include

G%ik&ﬁftﬁléﬁe h&n?‘fyﬁlﬁﬁe@ ﬁgm&ﬂg-lgoﬁ?égh Buty tpﬁgdgﬁgé'rcloglolaf&ers,

| Slurry re s to a une o
rrnmi:rr&ylsnet hiad pataauethyistyednpi dopblythetrs, cmdt ster-tetached thutyl rubber
m)nonfm? Lewis acid, and initiator. The slurry
cd 4fion is the volune percent of the partially
or conpletely precipitated polyners based on the
total volunme of the slurry. [0070] As used herein, the
nd@06Unber i ndileanihemearfsora tdilatiPer b dlissoTatg eage@. oudiluent is

BBl i MO A0 O IS M S 1,

hoA®IBObHBE fifetal GORPISKEE a§ hereirﬂ HedcPBky, MRfthitors, %&Qhﬂéfﬁ 0% .other
etc. Likew se, a copol may refer toap

c AgHivEPngn dhe pragtice afitbe Y she duerd rsleps 9ow1ten the general
t 3. 040916 16
0 d%@&rf %ég@%rﬁ 0 \é@rsréo?(%ﬁés 8@2&%@25@5{ Hgﬁ%éofgm&e comgponents of

mihe retalyst Bystennomoneers,Setlr @E@dvet, Nt iheecpgliyedthai hidrbtions
of the nonomer or in the derivative

msr ' ﬁmﬁiﬂﬁf@man%r%wnésemwub atlg| Lgréfeﬂéé rfyehadipents, the
arcﬁlueﬁfe&&eg nBERaaSviaPie rchélyags gea&i £ O%fgie y &oﬁ&{q% {%Fé. jo any

t he conponents, it is wel one s

| rapptesiadte @Xtt‘lhtat Addigonadhyi, d:ha‘ wrm difuenhecholkep origturesi of at least
e forn1tg reacts with the nononers to produce

polﬁﬁgpg) F | soolefin refers to any olefin

nononer havi ng tmo substitutions on the sane carbon.

[0074]. Multiolefin refers to any nononer having two
ddi868 bondsA reagtog is any container(s) in which a chemical reaction occurs.

[0069] 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.

[0070] As used herein, the new numbering scheme for the Periodic Table

Groups are used as in CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).

[0071] Polymer may be used to refer to homopolymers, copolymers,
interpolymers, terpolymers, etc. Likewise, a copolymer may refer to a polymer

comprising at least two monomers, optionally with other monomers.



preferred enbodi nent, the nultiolefin is any nononer

conprising two conjugated doubl e bonds. [0075]
wEb@snssses or el astoneric conposition, as usedPdiEUS1003/040916

refers to any polynmer or conposition of polyners

consistent with the ASTM D156 definition. The terns

may be used interchangeably with the term"rubber(s)"

as used herein. [0076] A kyl refers to a paraffinic

ar bon u j e e
D2 i ng e S U IR, EFp) SotpliRE 2 I okRR % he
stohomst, isfpogseetdiarntix polymenit thy polyneuiped fi3) of the nenomer or in

t 0 077 f t
%y @g’ﬁg%‘g té% l}g’_&%@}ﬁ?ﬁ‘g r 1§V‘{1§ vﬁé%’xr ﬁqr:‘tglggtg Components are
COGCABLE b Sédnﬁprﬁfngaﬁ&ffﬁﬁ | GaHlOBRRY) Q‘)? B CEbnoneht it is well

exanpl e, benzene, napht hal ene, phenant hrene,

anndarsieashby one okilled theyqnt, dladtithe pussfem ef thecompenent is the
ubl bon unsat ur t|o within its structure.
Aﬁ tﬁ? 57 %B%P %ﬁ%rﬁ%o%era Hﬁgé%rﬁo\]i}étﬂ “Prom an

aronatlc conpound by dropplng one or nore hydrogens
fromthe fornula such as, for exanple, phenyl, or

cHI953] [ 0078isogkshin refestie any elefingmerpmagr Hagmertwigrssbstitutions on
hydrog ?Qm%rgup by at | east one substituent sel ected
fron1 or exanple hal ogen (chlorine, bronm ne,

fluorine, |od|ne) am no, nitro, sulfoxy

f t | f t t hi ol | kyl.t hi ol d
Vibgaba; o?s@ﬁ% Cabeitn 1580 b oy BWREmon bavigd sk goubly kgads Tn a
mﬁfe@érgslat bo fn?é?ﬁh%ﬁ Cﬂxﬁltfb J}?xv' 99 tﬁloﬁgm‘élar&%g}irgh%rmtwo

Ich inc es net propyl, tert-bu
ig@pugpyhkmbkdhmﬂyl etc. alkoxy, straight or
branched chain alkoxy having 1 to 20 carbon atons, and
i ncl udes, for exanple, nethoxy, ethoxy, propoxy,

| IWISPPOXY, ERiofeY or LIRQBMEAX ¥omPEFPEI Ak YsddUlePiM, refers to any
tertiary butoxy, pentyloxy, |sopentylox | o

hBRIymgT gls(gpmmttwmf polyns ycpng;@yent A the MFM gbyl 566 >(lieﬁn1t10n
a?bé/) Felnﬁ% ay t gl %&i fg?egﬂl %@’ %1 i ferth o a %Berg f%% \uSed herein.

substituted by at |east one halogen and i ncl udes,
for xanple chor gnet hyl , bronDnEthyI fl uor onet h I
i ﬁ}?aﬁ’et hyl , ARKY! ggfest dRiahprrat zn%rhyﬁl&c@mm, group which may be

i
fz?éﬁ\}égrﬁ’&h | alkatieC {)o%?fq%py ?1]3111%5@ EE%?%' from"the formula,

uor opr opy 4-ch uor o
dS@h@BDﬁWEb)kB]ﬂlple chi rbﬂhyﬂcgremmWHg) or an ethyl group (CH3CH)), etc.

[0077] Aryl refers to a hydrocarbon group that forms a ring structure
characteristic of aromatic compounds such as, for example, benzene, naphthalene,
phenanthrene, anthracene, etc., and typically possess alternate double bonding
("unsaturation") within its structure. An aryl group is thus a group derived from
an aromatic compound by dropping one or more hydrogens from the formula such

as, for example, phenyl, or C¢Hs.

[0078] Substituted refers to at least one hydrogen group by at least one
substituent selected from, for example, halogen (chlorine, bromine, fluorine, or

iodine), amino, nitro, sulfoxy (sulfonate or alkyl sulfonate), thiol, alkylthiol, and



di fl uoronet hyl, diiodonethyl, 2,2-dichloroethyl,
2, 2-di brononet hyl, 2,2- difluoroethyl,

W@ 2®445888¢ or opr opyl , 3, 3-di fl uoropropyl, PCT/US2003/040916
4, 4-di chorobutyl, 4,4- difluorobutyl, trichloronethyl,
4, 4-di fluorobutyl, trichlorogethyl, trifluoromethyl,
2,2,2-trifluoroethyl, 2,3,3-trifluoropropyl,
1,1,2,2-tetrafluoroethyl, and 2,2, 3, 3-
t u r | - |t .
RO I By of Siren P B G, | T 20 R’ bR which

p-imtlhyds shethEnethyk peopyl, B TBhityl, isopoepydisaisityteett.; alidoks, straight
invention relates to the use of ydr of | uor ocar bqn('s)

h n
or°T Brasgbd drainglliewnt haydheot b HbFATRIN HPms: HfdPeludss el
a n n 0; e
TS REST FfihadY HoBRRoRpTbbel bR SsRofiy ko,
olisianye cbutmne geaskxl) kisopengdexyst hekyloxar hieptrdexy,n octydoxy,
reaction vessel w.t educed. adherence to .the l]'s
oo HER el ooy IS Veh SR G P of BiEhER phajg alkyl
F eumedl RARDI Gttt AoM@Witicd & ABSHQPRI &R} WORhst MY Ralogen, and
particularly, this invention relates to the use of

hyiokluddsy Gr examblsn clliotamesthyls brooronpigy 1dfliieremettyl, endemethyl, 2-

Wi hydr.o bons .,and/,ox chl or.i nat hydr oc on
NEBI AR R IR R L MR T S
difRidesprépyd/ o4-cBlokotusitly r £Mesrdbatyl) Odblierons1ef dibromomethyl,
honopol ymers and copol yners with S|gn|f|cantiy reduced

[ chResPmEG] | ndjiodomiiher 2.2 HeRoroRVEh | 57 HEPROBEIDD 2.2
t hydr b j o} |

oI O Ay ARG RERAET oy I RRhON, g B, 44
hydiflwaluieh tidhdsrdsiethyl, piod-giflotobaty] aridhioeqndtiyie trifi®romethyl,
i soolefjns wth dienes to produce jsool efin copolyners
widh2-td wpﬁwan%ﬁs-tr@aar@e@pwga&lo’fﬂn‘%@ﬁpﬂ@e@wﬁ Aich ce?,3:3-
| : f r t.Onh C e In0: _
o LBt o 36 17 e R SRRSO} Cinsiotss #
18n¢thgi8@tenkyp-athyishyrensgrtsodi nent, t he

hydr of | uorocarbons are used in a tubular reactor to
obtai n reduced pol yner accunul ati on on the heat

t rgorsfler t uldgs on@NemBbdiiREL C eniPOlnveRtiorACeltas abl @k Qe of
the inpeller and thus obtain [onger run life. [0081! ©
n S

| faygrrdtueeacatheptdi orelends e hydro8nergesrber(Fhovith diydrag

ip:l\(x)x or gﬂggk@rﬁ% bg&g%ﬁh%xgép %iﬁgg ice ta?p{ﬁﬁfx&%ﬂr%ﬁ whidh 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
with hydrocarbons and/or chlorinated hydrocarbon blends to polymerize and
copolymerize isoolefins with dienes and/or alkylstyrenes to produce isoolefin
homopolymers and copolymers with significantly reduced reactor fouling.
Further, this invention relates to the use of hydrofluorocarbon diluent(s) or diluent
blends with hydrocarbons and/or chlorinated hydrocarbon blends to polymerize
and copolymerize isoolefins with dienes to produce isoolefin copolymers with
significantly reduced reactor fouling and hence longer run life for the reactors, as

compared to conventional systems.



| engths (such as greater than 15 hours, preferably

greater than 20 hours, preferably greater than 30
whown®35888®r e preferably greater than 48 hours PEEINS2003/040916

possible with other hal ogenated hydrocarbons. [0082]

I n anot her enbodi ment the hydgofl uorocarbons are used

in an autorefrigerated boiling-pool reactor where

heat is renoved by evaporation of the diluent and

nononers m xture to reduce reactor wall fouling, and

agitator/inpeller fouling anong other things. [0083]

| fo6snjt ger Hheﬁr&iﬂ:i@derﬁmrﬁﬂﬂeﬂter’the tHyerdfiiae afakhoms o&ﬁr@;ﬁasin a

are use in a_palynerizatjon process.to obtain higher

notPE@aq LRCtRiefogthtain geducpd Pekymer af%ws@@t}mﬁrb‘f Higat tgnsfer tubes

ot [ ]

o e R, YRR S PR Apd B e oRRE un

newe. pol ymeri zation systens using diluents containing

hydr of | uor ocar bons. These diluents effectively

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

arf@osrie! ati Vgl ¥R eARMRBAS the ThydRATRE4BIns PLEAMEH - in a

Pol yneri zati on systens using these diluents are |ess

privbdar rea¢tor ki higheutenipsratires 4y gtades aviyoreroat potly gesater run

o Py (0t R A B FEnS, et GRERE ol 20w, prsfrably

f uirtdier thee RattRsrs, endr @rafe@bBf greftes thadi 48URdkS thah possible with
pouégprlzatlon systens for the preparation of high
il

balpgenpedmidroraransr s and copol ymers at
equi valent to or higher than to those pol ynerization
t enperatures using solely chlorinated hydrocarbon
di[0082]t s sudh amtheetdybodimbhtothedrydrifuciOOAbOE88B6used in an
PCT/ US2003/ 040916 %ﬁ LOOSS] | n. anot her en?PdinentL
t HiUOTPHIRERHSARPng-BRQ Seactprivere heat dEsmpvist by fagporation of the

PQliMeRY | AR | ABnSYShe MRixtaEk NGo f lrbiflck Nak&doa! {NPﬁ] alth@ling, and
hydr ocar bons capabl e of dissolving the catalyst

s \agitetor/ipadlse fquding mmong atlieothisgsst ens are al so

beneficial for isoolefin slurry polynerization and
production of a polyner slurry that is less prone to

f 008319, Whithenp@efpidfdd Shissdhbit 188 h9aroMRBRIEBIbons are used
conononer and the comercially preferred

aliRy? Felymeizatiomprasess iy fbipin dighen melgeulpnmeighty gt the same

temperature than when other halogenated hydrocarbons are used.

[0084] In one embodiment, this invention relates to the discovery of new
polymerization systems using diluents containing hydrofluorocarbons. These
diluents effectively dissolve the selected catalyst system and monomers but are
relatively poor solvents for the polymer product. Polymerization systems using
these diluents are less prone to fouling due to the agglomeration of polymer
particles to each other and their depositing on polymerization hardware. In
addition, this invention further relates to the use of these diluents in
polymerization systems for the preparation of high molecular weight polymers
and copolymers at equivalent to or higher than to those polymerization
temperatures using solely chlorinated hydrocarbon diluents such as methyl

chloride.



invention further relates to the use of these diluents

for the preparation of high nolecular weight polyners
w@pa408886¢ yner s at hi gher pol ynmeri zati on t enpePEI/USBE3/040916

as conpared to polynerization systens using solely

chlorinated hydrocarbon diluygnts such as nethyl

chloride. [0086] In yet another enbodi nent, this

invention relates to the preparation of isoolefinic

honmopol ymers and copol yners, especially the

pol yneri zation reactions required to produce the

i §0085] y| eneln soghenembatiment thimtiyventiobbelateana the discovery of

i sobut yl ene- p- al kyl st yr.ene, caopol rs.. Nore

o3Pt Rl BFT47of sesteiy UHBE dhiop BRad GLDResic TR dipseshas Grpable of

PR ¥R rZth8 Fa@Re: %@féﬁ{.y‘i‘ﬁééeéioﬁbgnér?z‘aﬁbﬁfsyﬁéné Bredhl) Hre¥icial

pol ynerizati on process using hydrofl uorocarbon

difonieealefinslutyly @otjsneasizatitry endpiodoctnarfzopdymeanslurry that is less

chl orinated hydrocarbon diluent.s, |.ike nethyl

F ST Bt ines S5 R TR oE AP LBHE Bf Ao mepy Romorormer and the

PRbiniREdiZIB! | RBfef¥St ARTlaRimihi® PAB&E NWatalyshy €Nt OfMdition, this

provide for "copol ymerizing an isononool efin having _

f Apvengon duriheg gelaish to sheonss eindhessadidueatscior $hy praparation of high

: CE. W ref.err nhodi ment
RS s PSR RSE U s BUBEBE S ORI e
cantmdhipared tob poMaRAzAlMUbyBnanging SofeliMm chidbmatedt hgdrocarbon
i sgol efin such as jsohutyl ene and between about 0.5
afguens fich agggthyl ghlogde-a- al kyl st yrene such as
par a- met hyl styrene. In accordance wth another
enbodi ment, however, where glassy or plastic materials
anf@086¢i ng pilmgeiaadthasembbdiment)éhis dpyehtyorerctatarte the preparation
conpri sed .bet ween about 10 an 99.5 wt. % aof th .
- S eiFiC JioR SRR . <R BB B oo pomerizgtion
Ofredch6ns ﬁgﬁﬂe@{d%oaaw &eqsobﬁgsaéheaﬁ%;ﬂ@ﬁ@f&ﬁ; BY bty Y hiBEr and
WD 2004/ 058836 / US2003/ 040916 0 [0088] In a

prissbatylend-reatisydiyranscoplysietsn\Merei partiquidrlyt 8 invension relates to
pr.oc 0, . prqoduce .pol rs _of. cat.i.oni cal .

pgl yrﬁrret:tﬁ?&z aBT ep(%%rr?gﬁ‘?élg% sgénngoﬁﬁp?lg?lﬁrdzmgoﬁﬁoggﬁinﬁg,mi il a§1urry
I abiniizatidie ploOEIEr st BydiefNdio@ebsh a@idebn®N or blends of
initiator, in the presence of an HFC dilyent at a

t dnretlgerocarbens, aed ehloripied hydseearongilugntsy bice wethyl gileside.
preferably -20C or |ower, preferably -30C or | ower,
preferably -40C or |ower, preferably -50C or |ower,
p{@F8F] abl y Iéidther dnohwelimenty theqrobjohsrizaflOCsystems of the present

invention provide for copolymerizing an isomonoolefin having from 4 to 7 carbon
atoms and para-alkylstyrene monomers. In accordance with a preferred
embodiment of the invention, the system produces copolymers containing
between about 80 and 99.5 wt. % of the isoolefin such as isobutylene and between
about 0.5 and 20 wt. % of the para-alkylstyrene such as para-methylstyrene. In
accordance with another embodiment, however, where glassy or plastic materials
are being produced as well, the copolymers are comprised between about 10 and
99.5 wt. % of the isoolefin, or isobutylene, and about 0.5 and 90 wt. % of the

para-alkylstyrene, such as para-methylstyrene.



| ower, preferably -80C or |ower, preferably -90C or
| oner, preferably -100C or |ower, preferably fromOC
W eootloss888¢ eezi ng poi nt of the pol ynerizati on nRCi/U83003/040916
such as the diluent and nonomer m xture. Mpnoners and
Pol ymers [0089] Mbnoners whiclh may be pol ynerized by
this systeminclude any hydrocarbon nmononer that is
‘pol ynmeri zabl e using this inventi on Preferred

o (OB ot ' rha'® Gr@BFed PPl ot fleMBion, sefes @ process to

C oprjo gkt epbl}ltna@ esf reflorde]yugailpdeiiable Smofdiéy)| ESmprising
and/ or substituted styrenics_and vinyl ethers. The

st SAREASHBE Ny 2 BRAciun thei oremaer(Dna theaviy Aeig) and em ipigiator, in the
aI F¥édenc@bY hn Hip@! &1%%?g5t2%ieﬁg)§frag%ﬁ %gt@?)@ b or E)rnvge];r, eﬁr@'ﬁeﬁﬁly HRC or

monomer cont al ns
prlefver, givtfpradlyt €08C oe\rmrrrpreéeralblgf -80°@bbiylodvet,0profetiblp 0F0°C or

t refer d ol efins include styre
Séﬁ%ﬁrﬂ%&?@gﬁf §§ 9 er, 9‘P1§t 2 é?ner loareﬁreref?&%ﬂwﬂo"c or
Stivef %)refgiaﬁlyn-y{bt@ Blzﬁf\k?er b fePAbRY %h@fxﬂfregﬁf rably -100°C or

i sobut’'yl ene, "2- net -1 - tene t ene;
2- lnefleh;prefzrqbenfremeo G ®othe dmzmglpmmcbfethe polymerization medium,

2 t 3-.but adi ene, 13- pi nene, nyrcene,
6,%E§Fnﬁr uﬂ%@pggﬁgonwﬁgygareng cycl opent adi ene,

pi peryl ene, nethyl vinyl ether, ethyl vinyl ether, and
I sobut yl vin¥l ether and the |ike. Monomer may al so be
c S or nore nononers. Styrenic bl ock
copol yners may al so be used a nononers. Preferred

bl ock copol yners i nclude copol yners of styrenics, such

as[oassy]r ene, Mpacmewaitish aiay hewlyatdied-byehhydysies BoRde any
CA to C30 diolefins, such as.  isoprene, butadiene
;}@'d{%@manglon@gﬁrt ithag| larI?%}YfB?ré?a@rer BeingdhisnBwention.  Preferred

C OB dIadrs (iﬂﬁudé B lé{i Endrk df@l@ﬂﬁy laﬁ@{% -ABfhP Q{fﬁfbgﬁh{éﬁl olefins,

styrene 2) 1sobutylene and 1sopre
hdsespelinsneorgugsfed diohest ybmnmjum&ﬂﬁAéQS&Baﬁcs and/or substituted

OGRS A U N o X AT Y ket g By TS with an
paliyTRhdyL dlige 86 akogileiddSih. | Pref@hblONiHe rﬁ&lrdﬁ‘i@rdoﬁﬁﬁdsof to 20

of Oefins, A Critical Inventory, Joseph Kennedy,
anéaﬂnr aho1as, JuoTe peeferablyedvtordy dven gFGe prerfmablypfr t 9 natbonl@toms.

as r%me(gf t}ﬂ'@iterrleé %fetﬁlngmlﬁcgfucliey ﬁy nerﬁa%g-bfkylstyreneh para-
methylstyrene, alpha-methyl styrene, divinylbenzene, diisopropenylbenzene,
isobutylene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-pentene, isoprene,
butadiene, 2,3-dimethyl-1,3-butadiene, B-pinene, myrcene, 6,6-dimethyl-fulvene,
hexadiene, cyclopentadiene, piperylene, methyl vinyl ether, ethyl vinyl ether, and
isobutyl vinyl ether and the like. Monomer may also be combinations of two or
more monomers. Styrenic block copolymers may also be used a monomers.
Preferred block copolymers include copolymers of styrenics, such as styrene,
para-methylstyrene, alpha-methylstyrene, and C; to Cszo diolefins, such as
isoprene, butadiene, and the like. Particularly preferred monomer combinations
include 1) isobutylene and para-methyl styrene 2) isobutylene and isoprene, as

well as homopolymers of isobutylene.



nmononers that are capable of stabilizing a cation or

propagati ng center because the nononer contains an
we@bk@ensssse donat i ng group. For a detail ed di SCUBGT/U82003/040916

cationic catal ysis please see Cationic Polynerization

of Aefins, A Citical Invepfory, Joseph Kennedy,

Wley Interscience, New York 1975. [0091] The nononers

may be present in the poI yneri zation mediumin an

TR et ARk RTY vl ol iR those that are

alcattonicul ly il ym & 281443 &&s&ﬁﬁeﬂ 0. Cariut96 Palyh@fzmidnv@‘f Olefids, 4
10 0.5 WM% alternatively 20w %to 0.8 wt
al G dicAht et srya n@senbo fenaediy %}’\{lknlwnﬁsmﬂce aN@Whé@rk 1975.
e I
PO AR AR dofiof o & (ROKIEA phgfleible, et as those
Smmloﬁre:rs thxnampl @pa‘tﬂé offi Gmbﬂnﬁr;gm cstiomaot pidpagating center because
poI |sobut | ene, po Ist rene,

&y meBpm %Ont%? ﬁ%ﬁiﬁcg a$rB %@f Rydeailpd efigeussion of
p% v d%l YRR B
pol tg%ﬂtlhy aga?}ﬁgkeg%ﬁéf%eg[%%és Prefer rzeég%o(?{tb? s ‘a socmncal
i dtentbey,dogpaphytemsdyg fWilgy Intapiniknek SNew afvak 1975.
al kyl styrene; and 2) isobutylene and isoprene. [0094]
I n one enbodi nent butyl polyners are prepared by
o681 N0 a THERUHOMRYS ﬂi‘a%bé'?ﬁ:seﬂthﬁ tHE polyAh&iA8%h Redfm in an

least (1) a C4 to C6 isoolefin nononer ~ conponent such
aguioypbiangwe fwm iy S( @i do W1t wieanione embOéumnﬁgdtwtlvely 60

i, GeTBAAIEL ARHRE o HOWEAUPIES Wi, Mubilafidif 385 o

Mivik 04 aRerinBti e 2 @Wido tb 018NtY0, 3BteinatiOly andMind 15 aikattbdrwt% in
enbodi nent. . I n yet another enbodi nent the isoolefin

i enother e1abadimeRi- of 92 to 99.5 wt% The conj ugat ed

di ene conponent in one enbodinent is present in the
comononmer mxture from30 to 0.5 w% in one

erf6edd] nent , Paefelrréd pohyfsrst inclﬁdéhwm%dlymelamﬂahﬁ of the monomers

e 0 s VisPudina, BRBalEs eETRORonspa godle palyisubitylene

%Eﬁ‘)@fﬁelhetﬂyl’éiﬁé& ' %oﬁf%bféﬂ@t e}%l?dtﬁ@ﬁe Bﬂ)?ya%ahﬁet@?lstyrene

I Soolefin may one_ or iI'sob

2 pabvinpll ethstsdsmheas pglyrmﬂmlvmvleﬁm méyethylvmylether)

2-met hyl - 2-butene, and 4-nethyl-1-pentene. The
multiolefin my be a &4 to Cl4 conjugated di ene such
ag0093] Preferred polymers also include copolymers of 1) isobutylene and

an alkylstyrene; and 2) isobutylene and isoprene.

[0094] In one embodiment butyl polymers are prepared by reacting a
comonomer mixture, the mixture having at least (1) a C, to Cg isoolefin monomer
component such as isobutene with (2) a multiolefin, or conjugated diene monomer
component. The isoolefin is in a range from 70 to 99.5 wt% by weight of the total
comonomer mixture in one embodiment, 85 to 99.5 wt% in another embodiment.
In yet another embodiment the isoolefin is in the range of 92 to 99.5 wt%. The
conjugated diene component in one embodiment is present in the comonomer
mixture from 30 to 0.5 wt% in one embodiment, and from 15 to 0.5 wt% in

another embodiment. In yet another embodiment, from 8 to 0.5 wt% of the



I soprene,
B- pi nene,

but adi ene,

myr cene,

2, 3-di net hyl
6, 6- di net hyl

-1, 3- but adi ene,

-ful vene,

hexadi ene,

weywkossssd adi ene and pi peryl ene. One enbodi meneCT/U820031€40916
butyl rubber polynmer of the invention is obtained by
reacting 85 to 99.5 w%of hLsobutylene with 15 to 0.5
Wt % i soprene, or by reacting 95 to 99.5 W%
i sobutylene with 5.0 wt%to 0.5 wt % i soprene in yet
a h o t e t
OB e 5D on g b RIS REEELLLSRUGR) 8 o o
mahSfe ofisoBatbix] a-methy P4 -lb%nwt3-%eﬂ1yl -CHutdvie] 2-%13‘(1#1}(17@-b17c&1e and
73954858735421, 3.38&; 9595 15
1ﬁ-meth@b1@e@9nea Bep pltiplefip mpyae 8 Gade gﬂné%ltqsl pressuch as
e F t hj en
ROEERS, PaRRhy Ly g %‘%Pmﬁd? ot SBE ophine, 66
i siokthi-fulend, mmdiehe,cﬂyefdpmtadndmt bed pqie%lme One embodiment

et che bl BipbenBolBgs o) fes eginierined FY beicips 85 o 995

eqiss bPRoBRSIhE Red PLIPYsand, is%pfehé“&}cﬁ)ﬁféaét%% 55 13 585 wit%

copol ymer sequence distribution parangter,
F:tmhu(}tlmwlzh Shet%:to 0.3 wt¥Hisomesoinyyss rngthqu embedlment The

PO MTDHBRTRTE b ind BRI Dy

m#hd1pQl efin to isoolefin in the copolyner and, Fis
the isoolefin-nultiolefin-nultiolefin triad fraction

% 8\706]11(1 be expressed as

in the copolyner [0096] The b?st fit of this
””‘é‘v‘t'o};'icﬁh T ol % 1A | weICS | Mol %103
70 73.9 | 5 4
85 87.3 5 4.2
92 93.3 8 6.7
95 95.9 15 12.7
99.5 99.6 30 26.1

a. IC4 - isobutylene
b. IC5 - isoprene

[0095]

triad fraction of an isoolefin and a multiolefin and the mol% or multiolefin

For the purposes of this invention, the relationship between the

incorporated into the copolymer is described by the copolymer sequence
distribution equation described below and is characterized by the copolymer

sequence distribution parameter, m.

F=mA/(l+mA)

where: m is the copolymer sequence distribution parameter,



copol yneri zation of the isoolefin and nultiolefin in
each diluent. [0097] In certain enbodi nents, mis from

w@e@ansss3¢ han 1.5; alternatively, from great ePCT/082003/040916

2.0; alternatively, fromgreater than 2.5;
alternatively, from greater.than 3.0; and
alternatively, fromgreater t2 an 3.5. [0098] In other
enbodi ments, mis from1l.10 to 1.25; alternatively,

from 1.15 tp.1,20; alternativel from1, 15 to,1.25;
and al t er nat't \I/Séfhf , mﬂfé‘lr 5%5008£fn t}%ﬁfm &t 69885}’“‘% b copolymer
i nvention fuandher relates to terpolyners and
tetrapol ymers . conprising an%( 1c:orrbi nation of the

Q

mononer s | i 4t d¥ theoiseolen-ardfiolefin-navtidelmdrigd fHpagion in the
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i sobutyl ene cycl opent adi I soprene, polyners
conpri sing cycl opent adi ene, isobutyl ene, and net hyl

c ent adi.ene, .pol rs conprising isobuytyl epe, .
AU by TS Pitaif GibEiRelnah i B R Sothel o dtematively,
[ GRLOQfeatdd tBaP 24S; Ellfc@ithtiOBINO HolP Bleatdd AhhL W 5 AebthiivalyS From
referred to as the <co-initiator or catalyst) nmay bé

afjeates ihan Heiaadsismativnly reamgeeater ranGdup 4, 5, 13,

14 and 15 of the Periodic Table of the El enents,

i ncludi ng boron, alum num gallium indium titanium
zi[0698hi um T bthey ambdddiumntsahs BNirém 1210 t0TPNY; al@fehtively, from
bisquth.. One skilled in the art will recognize that

odnie teil e Akl dionb-13 i | 28 WS Hovafipagasds about 1.20.
PCT/ US2003/ 040916 24 in the practice of the

invention. In one enbodi nent, the netals are al um num
bd®@H?] and t iThesninvention tfirtlar ueiatsmoberpgysiesi sablterapolymers

[l]ustrative e L es cl ude C13, . (al kyl YAl C12,
(B9 el P iy A R meightedahe, Prefeeed lrpplygpers
Pahd | ULy MeR! Shcdidee hoByHag| Etfrisi Isdbutflehe, t NG d
chosen Lga#s aci d. [031 1] The oJ§f4? 5q2n5%14 Pew s™
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5 4 netal d X i hal .
?Qgﬁeﬁglgﬁafénﬁy%ng | A e%opreﬁleg poly'rr?ergj1 cgmﬁﬁs?{l‘g cyclopentadiene,
isobutylene, and paraalkyl styrene (preferably paramethyl styrene), polymers of
isobutylene cyclopentadiene and isoprene, polymers comprising cyclopentadiene,
isobutylene, and methyl cyclopentadiene, polymers comprising isobutylene,

paramethylstyrene and cyclopentadiene.
Lewis acid

[00100] In a preferred embodiment the Lewis acid (also referred to as the
co-initiator or catalyst) may be any Lewis acid based on metals from Group 4, 3,
13, 14 and 15 of the Periodic Table of the Elements, including boron, aluminum,
gallium, indium, titanium, zirconium, tin, vanadium, arsenic, antimony, and

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



fromthe group consisting of fluorine, chlorine,

brom ne, and iodine, preferably chlorine. X nmay al so
wheooa/opsssedohal ogen. For the purposes of this PCWwESL0BM0916

and the clainms thereto pseudohal ogen is defined to be

an azide, an isocyanate, a thiocyanate, an

i sot hi ocyanate or a cyanide. Non-limting exanples

include titaniumtetrachloride, titanium

tetr b j tetrach ' ti .
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acids useful in this invention may al so have the
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C12 al kyl, aryl, arylalkyl, alkylaryl and cycl oal kyl
r e 4hs gragpdconsisingaf flnewege chloringnbontine, 4nmdXodige apreferably
h i Ly s ted £r the group,. . .
RN, XIAEPERS BE S SPRERLEY R bR Vi invention and

| abié réaimp rtkéretoapieyid el eiehnie - definB@ Yo MeS @n RRIdR, an isocyanate, a
psgiedohal ogen, For the purposes of this invention and

t HBIOEY22ifs AN BPRYQSY i ok aVarde | Nopdimilieg examples include
azi ANl SR at hj , . . .
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r gééteachlaroleand adceatimdetrachlonidag Thb Girbumd.i loat 4 d.eanidacids may

aromati c .structyres, the radi cal bej at. an al kyl |
pdsi% FYHamrRgre rﬂnea‘inQIOZ?%ﬂ?@gePef @gg-l%mag regnpkgs include
Cafthdiil ROmh® RichldrBatiiai A0 disbRNR! Hiehlofilie WedndliBf bromide
the radi cal being at an aryl position. Non-Timting
exXaehgpade, gnd tinebloride gvflupridei ds i ncl ude benzyl titani um
trichloride, dibenzyltitaniumdichloride,

benzyl zi rconium trichl oride, dibenzyl zirconium

-dijboroz]de, @by 4 iStadi LNLWAIs2Q04 QRRB 3R this invention may also
P%/ US2003/ 040916 25 trichloride, dinet hgl titanium .
dibere Bie; sgacrakformilay VIR K-t veisreain iMiss Grodr 4phedtyldvinpialyivierein

) e ARG W B o
f o imnallley L, MIRD) amakid, -alloptanyy] awd ey ebaik il tadic@lspapd 4, isan Biteger
1Lhom 0 to 4; X is a halogen independently selected from the group consisting of
fluorine, chlorine, bromine, and iodine, preferably chlorine. X may also be a
psuedohalogen. For the purposes of this invention and the claims thereto
pseudohalogen is defined to be an azide, an isocyanate, a thiocyanate, an
isothiocyanate or a cyanide. The term "arylalkyl" refers to a radical containing
both aliphatic and aromatic structures, the radical being at an alkyl position. The
term "alkylaryl" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an aryl position. Non-limiting examples of these

Lewis acids include benzyltitanium trichloride, dibenzyltitanium dichloride,

benzylzirconium trichloride, dibenzylzirconium dibromide, methyltitanium



metal, wherein RO is a nonoval ent hydrocarboxy radica

sel ected fromthe group consisting of Cl to C30
wa@bdoangss3ar yl oxy, aryl al koxy, al kyl aryl oxy radPCHIUS2005040916

is a nonoval ent hydrocarbon radical selected fromthe

group consisting of Cl to Cl2. alkyl, aryl, arylalkyl,

al kyl aryl and cycl oal kyl radicals as defined above; n

is an integer fromO to 4 and mis an integer fromO
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i odi ne, preferably chlorine. X may al so be a-

psuedohalogen For the purposes of this invention and

Q ﬁ.’a?' s t(ﬂ%u a atS &%Wﬁ%soa%% ﬁs‘%ﬁﬁi% i n\';e%tlgg n;f‘argr also

an |socy I oCcyanat e,

| savditec yareilefopnun FYRO)BE,XFAL), tvm:reﬁu Yo 6Groab 4,hd,Sor 14
|nvent|on one skilled in the rt woul d recognlze
t megtal; wheteiry RO ia |%%y>vaﬁat Wf@%ﬂxarréd@@lrss@@@ drom the group

TR EHEUEC] B 0 Rty B IR0 o ARAY, SRSARR LR B i o

b ehdnoahlepthiagdrocaalch mlivahtdlecteat fromt the %$Qu11 tomsistidg 0AlC; to Ci,

¢ byl 1kt sl s g eheal pnrtesgheve: n is an

an Qe ffons DY AtMASS is aﬁﬂﬁte@&%&ﬁb 99 d4Gh @lat AR RHY. J)ioﬂ(ynd m is
position. Non-limting exanples of these Lews ac
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trpsﬁédéﬁﬁlbg@n Nesthyle FREJDSOSY bf tRIRI MentthinC Bh@rthél&laims thereto
met hyl nethoxytin dichloride and benzyl
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nonoval ent oG ac |ca sSel eC ro e .
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monoval ent hydrocarbon radical selected from
grpo&ipono riEhestenng adelaﬁsll" trefeG1® alrddital cantapining bythadliphhtic and

al d cy | oa V\D 20 4/ 058836
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butoxytitanium trichloride, di(isopropoxy)titanium dichloride, phenoxytitanium

tribromide, phenylmethoxyzirconium trifluoride, methyl methoxytitanium
dichloride, methyl methoxytin dichloride and benzyl isopropoxyvanadium
dichloride.

[00104] Group 4, 5 and 14 Lewis acids useful in this invention may also
have the general formula M(RC=00),R'X4.(m+n); Wherein M is Group 4, 5, or 14
metal; wherein RC=00 is a monovalent hydrocarbacyl radical selected from the
group consisting of C, to Cjp alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals; R' is a monovalent hydrocarbon radical selected from

the group consisting of C; to Ci2 alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl



4 such that the sumof n and mis not nore than 4; X

is a halogen independently selected fromthe group
wa@ongiosssseig of fluorine, chlorine, brom ne, anPCT/O81008040916

preferably chlorine. X may al so be a psuedohal ogen.

For the purposes of this inggntion and the clains

t heret o pseudohal ogen is defined to be an azide, an

i socyanate, a thiocyanate, an isothiocyanate or a
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chlorine, bromne, and iodine, preferably chlorine. X
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tal; R is a nonoval ent hydrocarbon radical
seI ected fromthe group consisting of ClL to Cl2 al kyl,

arz WO 2004/ 058836 PCT/ US2003/ 040916
[00106] The Group 13 Lewis acids useful in this invention have the general

formula MX3; wherein M is a Group 13 metal and X is a halogen independently
selected from the group consisting of fluorine, chlorine, bromine, and iodine,
preferably chlorine. X may also be a psuedohalogen. For the purposes of this
invention and the claims thereto pseudohalogen is defined to be an azide, an
isocyanate, a thiocyanate, an isothiocyanate or a cyanide. Non-limiting examples
include aluminum trichloride, boron trifluoride, gallium trichloride, and indium

trifluoride.

[00107] Group 13 Lewis acids useful in this invention may also have the
general formula: MRyX3.,, wherein M is a Group 13 metal; R is a monovalent

hydrocarbon radical selected from the group consisting of C; to Cj; alkyl, aryl,



27 aryl al kyl, al kylaryl and cycloal kyl radicals; and n
is an nunber from0O to 3; X is a hal ogen
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Ch%nmmkyﬂmnnummandtﬁﬂthhkmhmnalkylaryl and cycloalkyl
radi cals as defined above; nis a nunmber fromO to 3
and mis an nunber fromO to 3 such that the sum of n

ango1ms] S NOGHRY €3 1RaAs adds Ysdfsl A MR R9ERion may also have the
i ndependent |y sel ected fromthe group consisting of
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psuedohalogen. For the purposes of this invention and the claims thereto
pseudohalogen is defined to be an azide, an isocyanate, a thiocyanate, an
isothiocyanate or a cyanide. For the purposes of this invention, one skilled in the
art would recognize that the terms alkoxy and aryloxy are structural equivalents to
alkoxides and phenoxides respectively. The term "arylalkoxy" refers to a radical
containing both aliphatic and aromatic structures, the radical being at an alkoxy
position. The term "alkylaryl" refers to a radical containing both aliphatic and
aromatic structures, the radical being at an aryloxy position. Non-limiting

examples of these Lewis acids include methoxyaluminum  dichloride,



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

[00110] The Group 15 Lewis acids have the general formula MXy, wherein
M is a Group 15 metal and X is a halogen independently selected from the group
consisting of fluorine, chlorine, bromine, and iodine, preferably chlorine and y is
3,4 or 5. X may also be a psuedohalogen. For the purposes of this invention and
the claims thereto pseudohalogen is defined to be an azide, an isocyanate, a
thiocyanate, an isothiocyanate or a cyanide. Non-limiting examples include
antimony hexachloride, antimony hexafluoride, and arsenic pentafluoride. The

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



consi sting of fluorine, chlorine, brom ne, and iodine,

preferably chlorine and y is 3, 4 or 5. X may al so be
wa@2pgsssehal ogen. For the purposes of this i nvRCL/USW03/040916

and the clainms thereto pseudohal ogen is defined to be

an azide, an isocyanate, a tdiocyanate, an

i sot hi ocyanate or a cyanide. Non-limting exanples

i nclude antinony hexachoride, antinony hexafl uoride,
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may al so contain nore than one type of hal ogen.
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i ncl ude antinmony chl oride pentafluoride, arsenic
trifluoride, bisnuth trichoride and arsenic fluoride

t eooart)! or i dgroupOBLLdkis@cRidRisdl i \hi§ iRFenflen %%{%150 hive the
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gris apnawnslest hydgowibaRy radicalkeleateld itom dreydroup consisting of C; to
Cso alkoxy, aryloxy, arylalkoxy, alkylaryloxy radicals; R' is a monovalent
hydrocarbon radical selected from the group consisting of C; to Cj, alkyl, aryl,
arylalkyl, alkylaryl and cycloalkyl radicals as defined above; # is an integer from
0 to 4 and m is an integer from 0 to 4 and y is 3, 4 or 5 such that the sum of » and
m is less than y; X is a halogen independently selected from the group consisting
of fluorine, chlorine, bromine, and iodine, preferably chlorine. X may also be a
psuedohalogen. For the purposes of this invention and the claims thereto
pseudohalogen is defined to be an azide, an isocyanate, a thiocyanate, an
isothiocyanate or a cyanide. For the purposes of this invention, one skilled in the

art would recognize that the terms alkoxy and aryloxy are structural equivalents to

alkoxides and phenoxides respectively. The term "arylalkoxy" refers to a radical



aryl al kyl, al kylaryl and cycl oal kyl radicals as

defi ned above; nis an integer from 0 to 4 and mis
wa@eoonsssger fromO to 4 and y is 3, 4 or 5 suchCT/0is1003/040916

the sumof n and mis less than y; X is a hal ogen

i ndependent |y selected from the group consisting of

fluorine, chlorine, bromne, and iodine, preferably

chlorine. X may al so be a psuedohal ogen. For the
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cyani de. For the purpgses of this inyention, one
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ahmbthbmthomﬁmnsny,cﬂlehloladledmb(ymnﬁ,()ﬂﬂmﬁﬂﬁ%ﬁoxyarsme, and
P US2003/ 040916 30 contai ning both aliphatic and

PRCYPFHEMes, the radical being at an al koxy
p03|t| on. The term"al kylaryl" refers to a radi cal

contai ning both aliphatic and aromatic structures,
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algkylaey w ?Qﬁ/bloﬁéu&ﬁfﬂag @ﬁe%unRo? hr5né rﬁ‘?@fé\ésal&%ﬁty, X is a halogen
hydr ocarbon radi cal selected from the group

C am@psmdengy stleged tfmnti:llza gioky Icpnsmyig, ofaflydridek yhlorine, bromine,

aIk I adi cal s as defi above;. n

"oy Bk BiRferfs, A0, SN S 67 o RrusEheifgiiny For the
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Is less than y; X is_ a halogen_ independently selected

f 8 rAzidse 2y FOGYAEtR &i thiocratst ap |isphippvanatehiror Pyanide. The term
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i Buectttesn thad rﬁchealclb@nrgs ath emetabkmghdph@bggeﬁ I S The term
an azide, an _isocyanate, a_thiocyanate,

: ef ﬁ%@pﬂ%%&g?& naiCET) o A 6 9:35:;} deontapyag ¢ Wh’] aliphatic ‘and aromatic

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

these Lewis acids include  acetatotetrachloroantimony, (benzoato)

tetrachloroantimony, and bismuth acetate chloride.

[00114] Particularly preferred Lewis acids may be any of those useful in
cationic polymerization of isobutylene copolymers including: aluminum
trichloride, aluminum tribromide, ethylaluminum dichloride, ethylaluminum
sesquichloride,  diethylaluminum  chloride, methylaluminum dichloride,

methylaluminum sesquichloride, dimethylaluminum chloride, boron trifluoride,



"aryl al kyl acyl oxy" refers to a radical containing both

aliphatic and aromatic structures, the radical being
wa@eooanssBkyacyl oxy position. The term PCT/US2003/040916

"al kyl aryl acyl oxy" refers to a radical containing both

aliphatic and aromatic strugtures, the radical being

at an aryl acyl oxy position. Non-limting exanpl es of

.these Lewis acids include acetatotetrachl oroanti nony,

( a n bSAYt 43 .
e e M A PR B BT Al AR ot
neeygqiehlamde bﬂngm&eredsef ul in cationic polynerization

of isobutyl ene copol yners including: alum num
trichloride, alumnumtribrom de, ethylal um num
d[O@i‘iS]“ de, L&If@)é'cﬁfsuﬁl: %@méﬁﬁﬂﬂnﬁﬁﬂ}&ﬁé GRIA ) and specifically
det hyl'al um num chl ori de, net um num-di c orlé%,
nasstgped Iwaaklyunowdmgting Hlewis delds d;udetahﬁ(élsﬁm rangmalso suitable
lorid ron trifluaride, WO 2004/058836

%W%%?g%g'%ﬁ’dgiéom?f O?ﬂ?ealﬁgv‘ffm %Petrachl ori de, etc.
wi th ethyl al um num di chl ori de and et hyl al um num
sesqui chl oride being preferred. [00115] Lewi s acids

tefs net hyl al um noxane (MAO) and specifically
desi gned weakly coordinating Lew s acids such as
B(C6F5)3 are also suitable Lewis acids within the

cieo1 syt of TnhRtdreviseful QA. thisninkémiodr are[ 8036l §litiators which are
Initiataors useful in this invention are those

i §APRYlE 0% rbglwoarpl%ﬁeé incapibble Bhepeily thorppsrdevinaed to
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fpmpagagn@polprrmp abahi Ajushatiyerexanggied mcluldk IBishstad hoids such as
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%I s g&ﬂ%bi@ﬁ})chfihﬁﬁ( @"@ﬂ%@{z afrklg[rnemeth gentm?e) More

tri met hyl pent ane)
tnemnélm itrmsitien ametab gsinepless, sudh aasmn'elﬂlatemsemls oaml such

g 58 su BeaS el MECiER Rl SeEh S0t g it

cwerkllt Bedrimgtine Wesisdadids oPLewRVdcid 84ltsthAal Been RRYE td @ffate

used to initiate  isobutylene polynerization.
isobutylene polymerization.

’I

[00117] In one embodiment, the reactor and the catalyst system are
substantially free of water. Substantially free of water is defined as less than 30
ppm (based upon total weight of the catalyst system), preferably less than 20 ppm,
preferably less than 10 ppm, preferably less than 5 ppm, preferably less than 1
ppm. However, when water is selected as an initiator, it is added to the catalyst
system to be present at greater than 30 ppm, preferably greater than 40 ppm, and
even more preferably greater than 50 ppm (based upon total weight of the catalyst

system).

[00118] In a preferred embodiment the initiator comprises one or more of a
hydrogen halide, a carboxylic acid, a carboxylic acid halide, a sulfonic acid, an

alcohol, a phenol, a tertiary alkyl halide, a tertiary aralkyl halide, a tertiary alkyl



[00117] In one enbodi nent, the reactor and the

catal yst systemare substantially free of water.
woiwenssessé al [y free of water is defined as | esBCT/S2008040916

ppm (based upon total weight of the catal yst system,

preferably | ess than 20 ppm 2preferably | ess than 10

ppm preferably less than 5 ppm preferably | ess than

1 ppm However, when water is selected as an

initiator, it added 0.t he. cat St t.0_Dbe

ok Bftory el B SR ety T il o e GFIRICRBS, el

tmaméarymﬁamdeaami 1@%@11&%%@112&@5@%&11@ eater than 50

ppm (based upon %Iota wei ght "of the catal yst system.

[00118] In a preferred enbodlnent the initiator

c LipFEeS O [ e; X

C (?Eg%?tl iC ggﬁf%reﬂggm OXy ahﬁé( ?%%Ea h&je ayé}lﬁ) ﬁ?%nclh(l:onde’

atiydrogambroalidohal hycﬁogﬂiheiﬁdhlde A paﬁ&ulaiwpmfdmﬂ Hydtdigde halide

a tertiary aralkyl halide, a tertiary al kyl WO
dyegpaxblopide; US2003/ 040916 32 ester, a tertiary

aral kyl ester, a tertiary alkyl ether, a tertiary

ar al kyl ether, al kyl halide, aryl halide, al kyl aryl

h400126] or @rqthad:dqhx&okyiid‘u atidslénclid¥d18&h dPiphhtée med aromatic

hydrogen halide initia i ncl ude hydragen. chl or.i de,
h$ERPOREIF Biin HEATBRIGS Al GRBGRHIG ffibse i 19 dhis iiRyngion jhelude
PLedRr bed, PYa8eNad@l binoicSalydtRHsRIC 'al:faf 'Héﬁzom acid, 1-
[ 00120] Preferred carboxylic acids included

alchloheacetic and, dicldomniatic avat, hoshlbioacdici agsl, t@@mpac@gc @fid, p-
aci.ds in this ent | i ncl ud .

- ehiRpebentdia 26l Bnd P rateat e sRidin BBy PEtelRE spiborytic

agtids 1&@1’&1&%16111@1@)’&1@%‘[& Jride Rifiodeueedid £ci@@ind p-fluorobenzoic acid.

di chl oroacetic acid, trichl oroacetic aci d,

trifluoroacetic aC|d p- chl orobenzoic aC|d and

p;{)(LllﬂLOben@H?o gﬁé dacdj gﬁflcltle%u!l% lylnp'th{ %\;e‘ﬁqm are similar in
oxvl amd‘ |nc][ue rc oroaceti c acC d
t sirfidtuer oacilixgliaacids vaﬂdthp -dubstiitiidre 62 aihalide fcﬂL the OH of the

[ 00 inthis

b e e Sfords, SupRGR DO AR Jith dhe chlorid
DS piieed NPrephfib bildcRMnAMde80M e Palefl cdibiSfld dlds are

d. The de may be fluoride, lorid
bkoowden the prlodald@pdwnerslmll@ mhﬂhe rarddloubbbcl g"amﬂlar with these

CHFBOYRTc GO ad RS feftf g i pgon ol GE e
skhlokigd, ddetyll beordide, &hrathd dEod@bbhas1 vhibAdd, hRELoy]l bromide,
trichloroacetyl chloride, trifluoroacetylchloride, trifluoroacetyl chloride and p-
fluorobenzoylchloride. Particularly preferred acid halides include acetyl chloride,
acetyl bromide, ftrichloroacetyl chloride, trifluoroacetyl chloride and p-

fluorobenzoy! chloride.

[00122] Sulfonic acids useful as initiators in this invention include both
aliphatic and aromatic sulfonic acids. Examples of preferred sulfonic acids
include methanesulfonic acid, trifluoromethanesulfonic acid,

trichloromethanesulfonic acid and p-toluenesulfonic acid.



procedures. Carboxylic acid halides useful in this

i nvention include acetyl chloride, acetyl brom de,
wa@eovnamgbe chl ori de, benzoyl chloride, benzoyl PCDDEIHE3/040916

trichloroacetyl chloride, trifluoroacetylchloride,

trifluoroacetyl chloride and p- fluorobenzoylchloride.

Particularly preferred acid halides include acetyl

chloride acetyl bromi de, trichloroacetyl chl ori de,

tr roace chlo e and fl.uor obe . .. .
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I motdillfﬁnilcmc&ﬁtdvﬂﬂ the’mibbtﬁﬁtl&i)bﬁa Halii® e the GH@f @’ieoﬁéﬁtoamd
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PG Se00 3 G031 art3hd[de kRBled Sullthcomt ehatd de fahilidewith these
useful in th|s inyentiqn are simlar in structure to

sultPefitiuEssac itadfenipd wukionac sagik thatidesi yeefolr iny thig) inyentiogr include
t hgetRkhal h
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acid halides fromthe parent sulfonic acids are known
i n the prior art and one skilled in the art should be

f aqooizgr W t RicbR&IS CuseRll Off dhs € suvelti&i elhf:lﬁge zrﬂlatil%l,c ethanol,
acid halides useful in this invention inclu
merhpavel uR Permpnols - mciha@rom%ah esyiglohexapiol, bargirberezyl alcohol.
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this inventjon include nmethanol, ethanol, propano
2- %ohwaﬁmap thalege-hy| propan- 2-ol , cycl ohexanol , and
benzyl al cohol. Phenols useful in this invention

i ncl ude phenol; 2-nethyl phenol; 2,6- dinethyl phenol;
p-100125] ophetreferyed f teuttarp pzl[lkjflloland aralkyl initiators include tertiary

2,3,4,5, ent af | yor ophenol. ;
Z-WBQ% Cﬁlwt?l ? ﬁ’gP’Weferred tertiary alkyl

and aral kyl initiators include tertiary conpounds
represented by the formdl a bel ow I
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|

R, X

I
Ry

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

thereto, arylalkyl is defined to mean a compound containing both aromatic and



Rl C-X R2n wherein Xis a hal ogen, pseudohal ogen,
ether, or ester, or a mxture thereof, preferably a

wh 2000988836 pref erably chloride and R, R2 and RBCHDS2003/040916
i ndependently any linear, cyclic or branched chain
al kyls, aryls or arylal kyl s,3apreferably containing 1
to 15 carbon atons and nore preferably 1 to 8 carbon
atonms. n is the nunber of initiator sites and is a
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baatekeiynacet d)me(ﬂxﬁadémahﬂanﬂdt b@tizpyelnkgmhylbenzene 1,4-bis(1-
T PR St SRS e
2p G ELOXY - 22 4ne4hc§<y62 4 @Qﬂhﬁﬂﬁﬂﬂéﬁ{aﬁlg ptane;  o.isopropoxy-2,4,4-

2-benzoyl -2, 4, 4,6, 6-pent anet hyl hept ane’ 1 -acetoxy-1 -

nﬁmhsépmeﬁmmxyﬂ mﬁwﬂmmmbleanéwy- -methylpropane; 2-

1 b b 1,4-b 1-
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1péiﬁ>(§ﬁéi mhézptm hylredthysty) 1 nkwfyzﬁﬂﬁbenzene -methoxyadamantane
2- met hoxy 44tr|msthlpentane; -1 sopropoxy-2, 4
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cléml%' ﬁé&f&ﬁeh@&iﬁlégem§ BYARUNY ok RGBERBUNd that is an azide, an

-tert-
1socyanate a thlocyanate an isothiocyanate or a cyanide.

[00126] Another preferred initiator is a polymeric halide, one of R1, R2 or
R3 is an olefin polymer and the remaining R groups are defined as above.
Preferred olefin polymers include polyisobutylene, polypropylene, and
polyvinylchloride. The polymeric initiator may have halogenated tertiary carbon
positioried at the chain end or along or within the backbone of the polymer. When
the olefin polymer has multiple halogen atoms at tertiary carbons, either pendant
to or within the polymer backbone, the product may contain polymers which have
a comb like structure and/or side chain branching depending on the number and

placement of the halogen atoms in the olefin polymer. Likewise, the use of a



1, 3-bi s( 1-nethoxy-I-nethylethyl) benzene and
1,3,5-tris(1-chloro-1-nethylethyl) benzene. Oher

W@ ookakisas i niti ators can be found in US pat ent PCT/US2003/040916
4,946,899, which is herein incorporated by reference.
For the purposes of this invgntion and the clains
t heret o pseudohal ogen is defined to be any conpound
that is an azide, an isocyanate, a thiocyanate, an
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defined as above. Preferred olefin polyners include
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whi ch have a co e structure and/or side chain
branchi ng dependi ng on the nunber and placenent of
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SRR ST SR Ok’ SR PR o POl s
phesenlar Weight phéf ebleedlar weight distribution of the polymer being
produced. Typically the range will be from about 1x10° moles per liter to 3 x 107

moles per liter and most preferably from 10 to 10” moles per liter.

[00130] Catalyst systems useful in this invention may further comprise a
catalyst composition comprising of a reactive cation and a weakly-coordinating
anion ("WC anion” or "WCA" or "NCA"). The catalyst composition comprising
the WC anion will include a reactive cation and in certain instances are novel

catalyst systems.

[00131] A weakly-coordinating anion is defined as an anion which either

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



enbodi nent the initiator is present at anywhere from
about 0.1 noles per liter to about 10"6 nol es per
wO 2G0a05888¢ i s of course understood that greatePCDUS2003/040916

| esser anmounts of initiator are still within the
scope of this invention. [00L29] The amount of the
catal yst enployed w !l depend on desired nolecular
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both the anion  and the cation in the form of the,
acEHoR A foR RYRed %‘ag"élemed [hregfotoHerm 3 byt Rioflegd, the anion and the
erdggsli ment a conposition containing the WC ani on
fragnent is first treated to produce the anion in the
presence of the cation or reactive cation source, i.e.

t Rﬁeakly-Coordinating Anions

[00133] Any metal or metalloid compound capable of forming an anionic
complex which is incapable of transferring a substituent or fragment to the cation
to neutralize the cation to produce a neutral molecule may be used as the WC
anion. In addition any metal or metalloid capable of forming a coordination
complex which is stable in water may also be used or contained in a composition
comprising the anion. Suitable metals include, but are not limited to aluminum,
gold, platinum and the like. Suitable metalloids include, but are not limited to,
boron, phosphorus, silicon and the like. Compounds containing anions which
comprise coordination complexes containing a single metal or metalloid atom are,

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



anion is activated. Likew se the WC ani on may be
activated wthout the presence of the cation or

W@ 20040858830 Ur ce whi ch i s subsequently introduceplCT/US2083/040916
preferred enbodiment a conposition containing the
anion and a conposition cont& ning the cation are
conbi ned and allowed to react to form a by-product,
the anion and the cation. Wakly-Coordinating Anions
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i H043¢lonposin gemral.cWfamicss mepyt ieerepresenied Isuthe fbllasving general
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gol d, p| atinumand the like. Suitable netall oids

i ncl ude, but are mthm pHefli-t o, boron, phosphorus,
silicon and the (N)E} (gg]n%{} nds cont ai ni ng ani ons
Whvheddin: conpri se coordi nati on conpl exes containing a
single netal or netalloid atomare, of course, well
known Mhis avagipl opyaetelleid) ar | y such conmpounds cont ai ni ng
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Quttrot Q@re’iﬂh@m oh@@ﬁ@?ﬁﬁ E&ﬁa)y bt A8 gad@galunbr i dged

hydri de radi cal s, yl am do radical s, al koxi de and
ar yl oxindea Hdd:geak@reshmﬁifgqaafd}yﬂal &dlénce charge of M;

substltut a radi cal s, hal ocar byl and
subst i } {Ft18¢ ’6‘8’&%“ %/183&%&»

dis an 1nteger greater than or equal to 1.

[00135] It is of course understood that the anions described above and
below may be counter balanced with a positively charged component that is ‘
removed before the anion acts with the cation. The same is true for cations

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

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

group to leave the CpyZr™Me WCA- catalyst system.

[00136] Preferred WC anions comprising boron may be represented by the
following general formula:

[BAriArpX3Xyl-
wherein:

B is a boron in a valence state of 3;



and hydrocar byl and hal ocar byl - substit ut ed
organonetal | oid radi cals and any one, but not nore

wo ban/osssas of Q 1 to On may be a hal i de radi cal PCHUSR030M0916
i nteger representing the formal val ence charge of M
nis the total nunber of ligapds g, and d is an
i nteger greater than or equal to 1. [00135] It is of
course understood that the anions described above and
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cri usé w e ani ons
C;ba Zink&Dtoreayh bipecthrhighedstabie bxﬁ\d@ng: gppSdndi on

conpri gj ng the anion (WCA R where R+ acts wt

gr oup [y &4t ree.cypdep sahygade spdicalsy shYéiﬁﬁ’CE‘rbyl and

| aprRBe bR Bl tiat AR Oﬁ@rnggﬁp b ST BRLE e padicats,

AnZX3¥dbyl- vmﬁr BAIBcarBylLsub@ithed Qﬁ% bRt MR E G&&caﬂé a&ﬁu&fmuted
3: WO 2004/ 058836 PCT/ US2003/ 040016~ 38 Arl and Ar

arpglctqggn gadigalg,r s@sﬁtﬁ,x@qdeq:halcmgm@d1@l$) gnd hahde radlcals Wlth the
S d arbon radlcals cont ai ni ng
P A T o D BB S P e " ey e

I|nked to each other t hrough a stable bridging group;

and X3 and X4 are, independently, hydride radicals,
hyel3chr byI Iagenersly 2g iandtAg- ingylriodegpebydntlyade cal ssromatic of
hal ocarb and substituted-hal ocar byl radicals,
hy@bs@@ﬁ@%gﬂoma@g dyHepcadan bgdica u Suitable aegnatic radicals include, but

¢ PR 6 ofebl ARl PR bl R B tivems

r @dltﬁﬁhtﬂastlwtddbarbﬁanc Ry @otEBoit Ralicals3 irthdleXButvdrt ot AécelRirily
hal i.de at the sane tine. [00137] In general, Arl and

A,hgnwgyto M@l@ﬁ@tﬁ&]e ﬁafqlgpls g loifh fadicaly, alkoxy and aryloxy
o BT ORI 4 g (RS e
phsefyl 3s Xaphd Kyl Bredsubstithertapayybe oalth, eadts or ﬁamat sdbdtive to the

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

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

[00138] INlustrative, but not limiting, examples of boron components which
may be used as WC anions are: tetravalent boron compounds such as
tetra(phenyl)boron, tetra(p-tolyl)boron, tetra(o-tolyl)boron,
tetra(pentafluorophenyl)boron,  tetra(o,p-dimethylphenyl)boron,  tetra(m,m-
dimethylphenyl)boron, (p-tri-fluoromethylphenyl)boron and the like.



on the substituted-aromatic hydrocarbon radicals,

i ncl ude, but are not necessarily limted to,
whyanossssbyl radi cal s, organonetall oi d radi cal BCT/E51003§40916

and aryl oxy radicals, fluorocarbyl and

fl uor ohydrocarbyl radicals and the |ike such as those

useful as X3 and X4. The substituent may be ortho,

nmeta or para, relative to the carbon atons bonded to

t ooz on atSinmlaMieR ¢Fi duiteble WonRRhéntX3omBEhing ot niktals and
hydr ocar byl radical, each may be the same or a
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hytbe depbiag lisadd 66d infndad t@lbleyéxhaﬁsmbs taintl Uchadothylc hr,aful boron
hydr ocarbon radi cal. As indicated above, and
cOmPpoBRds a5 WRH @stuseil tcrrewoy@sworﬁmnmg%ﬂrrrg}etalxsoramatallmds
X I

o T R R b REE ISR ark Bt B0 Brogoing generl
| i disctubsign aekfanplilas. of boron conponents which my be
used as WC anions are: tetraval ent boron conpounds

such as tetra(phenyl)boron, tetra(p-tolyl)boron,

t g p{eg- t Ol VA)Ipa?ﬁ&ﬂarly tp%f%ﬁ‘écpe\ntﬁfahl%ﬁr&ﬁltﬁﬁwﬂg %f&ﬁ may be
tetra(o, p-di net hyl phényl )boron, tetra(mm

dimpresapitgshisriht Yalovang géneraliformivleror omet hyl phenyl ) bor on
and the like. WO 2004/5358836 PCT/ US2003/ 040916 39
[00139] Sinmilar I[P6¢eFPB8Quitabl e conponents

cQ tea}llpll ng other netals and netalloids which are
usefur"as WC ani ons may be nade, but such lists are

not  deepefudiBreeesialicirbod sad ) nded ardlhsgdfrdrdove. Mlustrative
this regard, it should be noted that_ the f oregoi ng
| it nog Tieitingn examerles 06 thescenmirumsdi v Cannions gomprisi@g boron

ustﬁ[o R‘Hﬁétﬁ ARTRAHELS 8% rrﬁr I ﬁgdrgﬁﬁf)%o ulfcgngsouréﬂal butyl,

con er net al

r e:azdlo[hyxsdpmapmyl dnowhéms(@ 1$k ipblyattricrhytlhveaghyt of imlefihhe chain

g chr% ral cus5| on and, for m“tﬁ .. [00140] A

p g F@’F%‘iﬁre yweﬂmrpelrrmr@? s n may
represent ed by the follow ng general formula:

[B C6F5) 3Q - wherein:
[00141] Polymeric Q substituents on the most preferred anion offer the

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

processes.

[00142] WC anions containing a plurality of boron atoms may be

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

or

[[[(CX6)a(BX7)m(X8)ble-12Tn+]d-

wherein:



Fis fluorine, Cis carbon and B, and Q are as defi ned
above. Illustrative but not limting, exanples of

wao bhesesgssef erred WC ani ons conpri sing boron  PCT/US2003/040916
triphenyl nethyl salts where Qis a sinple hydrocar byl
such as nethyl, butyl, cyclghexyl, or phenyl or where
Qis a polyneric hydrocarbyl of indefinite chain
| engt h such as pol ystyrene, polyisoprene,

| 00 I
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activator co ent an cat’a Sol ubl

Cc aftda&ia}'ss tssbsanm:d}halpcaebxl rradmsls,andlydfdcerbybr afhatocatbybwahstituted
i nsol ubl e waxes., .0ils, or solids because they can be
dPiaﬁPgﬁeiﬂHmﬁ é‘g?lﬁ’ed concent ration and can be

transf qr isefl @by niéddl, V%Gﬁb BI®Nlr i10 metal, preferably
commerci al processes. 001 ani ons containing a
phukaipﬁwﬂbﬂlbmmon atoms may be represented by the

foll ovm ener fo>r5rul ae: [(CX)a(BX )mX"b]c- or
[[[(cxél ﬁl?e%ﬁ C-12Tn+] d- wherein: WO
2004/058§§6uﬁ§§%562003/040916 40 X, X, X', X6, X7

and X8 are i ndependent |y, dride radicals hal i de

r adi caIa§L ﬁyﬁd? @ba\feewumb&tﬁddaiéger from 2 to about §;

substi al ocar byl
radica E%glﬁﬁﬁéggﬁo oca%@bﬁ ngdicals or
hydrocamh&b{umﬁmhmheoaaﬂyﬁxamhmmgmmﬁed
organonetaI10|d r dicals; T is a transition netal

preferﬁii??“a‘e&% >8, 9, or 10 metal, preferably _
ni ckel g jchalL arPéveh[rRiﬁlbe?edf’lHQg& 268 4't8ta€&ﬁr8$ >0, cis

an integer > 1; a + ¢ = an even-numbered integer
from 2mtsaab01l§rg61§r0mi6n0 peowid2i nt eger ranging from5 to
about 22;

0’18 an integer such that 2¢ - n=d; and

d is an integer > 1.

[00143] Examples of preferred WC anions of this invention comprising a
plurality of boron atoms include:

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

[(CH)ax(BH)bx]X-

wherein:
axiseitherOor1;
cx is either 1 or 2;
ax+cx=2;
bx is an integer ranging from about 10 to 12; or
(2) A borane or carborane or a neutral borane or carborane compound

satisfying the general formula:

[(CH)ay(BH)my(H)bylcY-
wherein:

ay is an integer from 0 to 2;



a and b are the sane or a different integer 0; c is
an integer > 2; a + b + c = an even-nunbered i nteger
WO c@n0g888® about 8, mis an integer from 6 toPEDUSL003/040916
12; nis an integer such that 2c - n =d; and d is an
integer > 1. [00143] Exanpleg,of preferred WC anions
of this invention conprising a plurality of boron
atons include: (1) A borane or carborane agi) gn]
satisfying th eper formul a: [ (CH) ax(BH) bx] cx-
wher ei }r@&lsgiﬁ}nge%fﬁﬂ@ad@%r 1; cx is either 1 or 2;
ax+Ccx=2y ifan infegdPfrbMiee@E; ranging from about 10 to 12;
or (2) A horane or carborane or a neutral borane or
car bor 8h& Ryohgwadd satisfying the general fornul a:

0'to 2 GRS e e Fodoots a1 by i< an

i nt ege3)f r o MhetallaBoragyor BetaliacartotgrranfdnCaisylng B¢ following
ay+by+cy=4; ny is an integer from about 9 to about
18; or (3) Aewdtldormwar ane or netal | acar bor ane ani on

22 (B 1y e+ bz) MR EEe AR fua L L LEE
wherein:
az is an integer from 0 to 2;
bz is an integer from 0 to 2;
czis either 2 or 3;
mz is an integer from about 9 to 11;
az+bz+cz=4; and

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

[00144] IMlustrative, but not limiting, examples of WC anions include:
carboranes such as dodecaborate, decachlorodecaborate,
dodecachlorododecaborate, 1-carbadecaborate, 1-carbadecaborate, 1-

trimethylsilyl-1-carbadecaborate;

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

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

Metallaborane anions such as bis(nonahydrido-1,3-
dicarbanonaborato)cobaltate(Ill),  bis(undecahydrido-7,8-dicarbaundecaborato)
ferrate(I1I), bis(undecahydrido-7,8-dicarbaundecaborato) cobaltate(III),
bis(undecahydrido-7,8-dicarbaunaborato)  nickelate(IIT),  bis(nonahydrido-7,8-
dimethyl-7,8-dicarbaundecaborato)ferrate(III), bis(tribromooctahydrido-7,8-
dicarbaundecaborato)cobaltate(I1T), bis(undecahydridodicarbadodecaborato)
cobaltate(IIl) and bis(undecahydrido-7-carbaundecaborato) cobaltate(III).



wherein: az is an integer fromO to 2; bz is an
integer fromO to 2; cz is either 2 or 3; nz is an
WO pioegsss3d rom about 9 to 11; az+bz+cz=4; and PI/ESH03IA40916
are, respectively, 2 and 2 or 3 and 1. [00144]
[llustrative, but not limting, exanples of WC anions
i ncl ude: carboranes such as dodecaborat e,
decachl orodecaborat e, dodecachl or ododecabor at e,
1- car badecabor ate, 1-carbadecaborate, 1-
trimethylsilyl- | -carbadecaborate; Borane and
cqobbesine cormpl aREsambll Sothicsitidhs HABANBreBitfbdC FDTEANBe the
ani ons  such as decaborane(14),
7’%13&5& gyggrae@sggdpgh@( nrgyess arg those containing a trisperfluorophenyl

di a ) .
u§§§%§h3§?%§%33@@ﬁ§%ﬁéth?PP?,8@1P%aFB%udhe85b&¥@ne?f more
6-taispentedlmoriphemtl efoldr) ,anibnC giops veetahlyr BéRl to a central atomic
7,8-diﬁarbau ecaporate; and Metal |l aborane ani ons such
agn%lf:gp( HoR 2RYEmSTIg Somplex or particle.

di car banonabor at o) cobal tate(I11),

bi s(undecahydri do- 7, 8- di car baundecabor at 0)

f d¥atianis(dopippnent

bi s(undecahydri do- 7, 8- di car baundecabor at 0)

cobaltate(lll),

bi[eq1ueg ecahyfvhus Hrfertd embasinRBRI®HA invention the WC anion is
ni ckelate(l11), bis(nonahydrido-7, 8-

dicapbined- witls o carbensnepsiond thattan) telected dioim Idjfferent classes of

bi st ri C rido-7, 8-
df%éé%%%ﬁggggb%}é%%)cobaltate(HI),

bi s(undecahydri dodi car badodecaborato) cobaltate(lll)
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[ 00145]AThe i O3 o | S rred for .
forniné ?hecygg@g#§€?ﬁggg?§%$%§e e@ﬁ %ﬁﬁgg%gogggsdg?gﬂ“ws
t hose cont aithrerd. a tri sperfl uorophenyl boron,

tetrap afl uo enyl boron anjon and /., .or .two or npre
tri speﬁﬁi\f | &&P@%ﬂ@ﬁ%"“@&%?}?na‘@%ﬁ CHMBOsIEOR &Y EPEISERtgd by the
bond to a cesptf@: atom c nol ecul ar or polyneric

conpl ex or particle.

wherein R, Rp and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably C; to C3 alkyl, aryl, aralkyl groups or derivatives thereof:

(C)  substituted silylium; preferably those represented by the formula:

1
Ry SI—R
wherein Ry, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives

thereof, preferably Cj to C3( alkyl, aryl, aralkyl groups or derivatives thereof:

(D)  compositions capable of generating a proton; and



Cationic conmponent [00146] In various preferred
enbodi nents of this invention the WC anion is

W@ 0viosssss Wi t h one or nore cations that are sePEUS03/040916
fromdifferent classes of cations and cation sources.
[00147] Some preferred cIassg; are: (A
cycl opentadi enyl transition netal conplexes and
derivatives thereof. (B) a substituted carbocation

whose osition is represented by the .fornula; .
roc R RV RatiosfthcoaodsRBns B Besiianiin g g o g phich are
aryl, aral kKyépredeRIsR Dy e f@MuMAt i ves thereof,

preferably Cf)to C30 al kyl, aryl, aral kyl groups or
derivatives thereof; (C substituted silylium

preferably those represented the formula: Rl RS-

2 R3 wherein R, R2 and R3 are]hydrogen, al kyl, aryl,
aral kyl groups or derivatives Rthetgof, preferably Cl1

to C30 al kyl, aryl, aral kyl groups or derivatives

thereof,_ ( conposi tions capable of generating a_, . .
pPeER R Ry R L W A fgyvatives
cationic conposi tiaons af . ger.manj.u tin or lead one
oRSTToPrelr bty Ko gp Sab alhad 4y LT oy ot depy o8l jgspgierengy and
whar el and R3 are hydrogen, alkyl, aryl,
arafggﬁ’gﬁgﬂgé or derivatives thereof, preferably Cl

to C30 al kyl, aryl, aral kyl groups or derivatives

t hereof, and. N
A. Syclopentadlenyl Metal Derivatives

[00148] Preferred cyclopentadienyl transition metal derivatives include
transition metals that are a mono-, bis- or tris- cyclopentadienyl derivative of a
group 4, 5 or 6 transition metal, preferably a mono-cyclopentadienyl (Mono-Cp)
or bis-cyclopentadienyl (Bis-Cp) group 4 transition metal compositions,

particularly a zirconium, titanium or hafnium compositions.

[00149] Preferred cyclopentadienyl derivatives (cation sources) that may be
combined with weakly-coordinating anions are represented by the following

formulae:
(A-CpMX;H,
(A-Cp)ML+;

™
Y—M"
I
- CpR



R* is Ge, Sn or Pb. A Cyclopentadienyl Metal
Derivatives 100148] Preferred cycl opent adi enyl
W e@asssBon netal derivatives include transitPONUS2003/040916
netals that are a nono-, bis- or tris-
cycl opent adi enyl derivative off a group 4, 5 or 6
transition netal, preferably a nono-cycl opent adi enyl
(Mono- Cp) or bis-cycl opentadi enyl (Bis-Cp) group 4
transition netal cpmpositians, particularly a
zi rconi um titani umor®®af ni*um conposi tions. [00149]
Preferred cycl opeptadi enyl ivatives (cation
sour ces) thaEAnﬂf be conbi ned with
weakl y- coordi'nat{ ng ani ons are_r esented by the
following fornmulae: (A Cp) +;  (ACp) ML+;  Cp* Y-
M+ CPR WO 2004/ 058336 PCT/ US2003/0409% 44 (C 5 H S
5-y-x X ) (A) y M JRIzX) (z-1-y) Y ahdand CH S ) 5
5-y-x x M R/ XY wherein: (A-Cp) is either
(Cp) (Cp*) or Cp-A -Cp*;
(CH S )
5 65-y- x
\ +
M\
R" / X

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
C4 to Cyq ring to give a saturated or unsaturated polycyclic cyclopentadienyl
ligand; ’

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

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

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

yisOor 1;

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

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



Cp and Cp* are the same or different cycl opentadi enyl

rings substituted wth fromzero to five substituent
wWQ@r@4psss® each substituent group S being, PCT/US2003/040916

i ndependently, a radical group which is a hydrocarbyl,

substi tut ed- hydrocar byl, hal gcarbyl,

substi t ut ed- hal ocar byl , hydrocarbyl -substituted

organonetal | oi d, hal ocar byl - substituted

organongial | oj d,. di.substi f.ut r.on, . di substjt ut ed .
P et oo b SRR P Rdn AR i b G L edre wit o
or ; * I ' j ' ich an
DR b g of (L6 0P AYORANE Bitlnchl B o s Rmber
r i oig2, prefeypbly natremenuplatsplibros, owpgatarrsalfery pol ycyclic

cyclo tadi.enyl ligand; R.i§.a substituent on one of
t%e csslgolﬁérhy%‘?cé‘ﬂ%}’!ll g’?"é‘Bi ?:rlﬁf%? ﬁl&;l%y £'8F8o bonded to
the metRl it KY aoft ihdepRnintlg9h %dﬁ?ggﬁ%\ﬁﬁ ;ﬁ%ir%agyﬁ radical,

may serve to restrict rotation of

r i sugstitoted ({GBtdeanbyk RelcaBAlobRbyE raliica), sab@iBRd HMdegibdl radical,
group 4, 5 or 6 transition nmetal; vy is O or 1;

( EAshygirgeasdyly andahalgearbylesubstitited pirganomgtatiobsk radiaad, exibstituted
Wi £ I 2110 I r.adi Si1.X ;S fromO to 5
d%‘%@%“’8‘%@%%‘éﬁ?lé’éﬁ%feds°§%1§??ée‘ﬁf?4‘“§%l§’ RO 2004/ 058836

PCT/ USZ0B3nm®mI€a dioldfn dRirfde ligan)l, drs euial E6WRthasge.
ligand in which J is a group 15 elenment with a
coordi nati on nunmber of three or a group 16 el enent

W [ph1491coor di Nak;d : r IhLr .
ph.[gsph.(])r us, q%%%%%m g ?bﬂg‘gﬁt?ﬁ?{y&?%o{@ 512&1%13?1!0%% k}’f I B this
griovgntiopraed desatibgd anUd. WatenyNosipd,056,438] SXA78ar1®, 5,198,401 and

[ ntly a hydrid di cal , dr.ocar byl radical,
sﬁwghlm 5%8’?98%%({ i %P?CCH%F%’?:M byl radical,
substituted hal ocarbyl radical, and hydrocarbyl- and
hal ocar byl - substit uted organonetal | oi d radi cal
sdﬁsﬁﬂﬁﬂﬁﬁ%@gﬁﬁﬂﬁﬁﬁgén radical, or substituted

chal cogen radicals; and L is an olefin, diolefin or

aryne ligand, or a neutral Lew s base.
[00151] 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 C1 to Cp() aromatic or aliphatics
group, provided that only one of R, Ry or R3 may be hydrogen. In a preferred
embodiment none of Ry, Ry or R3 are H. Preferred aromatics include phenyl,

toluyl, xylyl, biphenyl and the like. Preferred aliphatics include methyl, ethyl,
propyl, butyl, pentyl, hexyl, octyl, nonyl, decyl, dodecyl, 3-methylpentyl, 3,5,5-
trimethylhexyl and the like. Ina particularly preferred embodiment, when Ry, Ry
and R3 are phenyl groups, the addition of an aliphatic or aromatic alcohol

significantly enhances the polymerization of isobutylene.



[ 00150] Additional cycl opentadi enyl conpounds that nmay
be used in this invention are described in U S

wead0en0588B0s. 5, 055, 438, 5,278,119, 5,198, 401 apdrI/us2003/040916

5, 096, 867, which are incorporated by reference herein.
B. Substituted Carbocationsy§00151] Another preferred
source for the cation is substituted carbocati ons.
Preferred exanpl es include substances that are
represented by the fornula: RI R2C-R3 wherein R, R2
and R3 are independently hydrogen, or a linear,
6}, shblseditedrSilydiped Catiemsomati ¢ or al i phatic groups,
preferably a CI to C20 aromatic or aliphatics group,
provi ded that only one of RlL, R2 or R3 may be
Egﬁifsgpen- R Aagyigder b&@ene%”b%ﬂi%ﬁﬁﬁerﬁ,on%uﬁ{titﬂed R@%ﬁﬁm
are H Preferred aromatics include phenyl, tol uyl,
%9Ipositiersp predgrablyrid substutédk slyliRne tenpesdtialsi pb abinbimed with

kWaglude thyl . et hyl r L,.. butyl , .pentyl, hexyl,
JPEORIE wfiptetizh aiappinctr, dae e sigHbint s tos psénted
by itmetomililaexyl and the like. In a particularly
preferred enbodi nent, when R, R2 and R3 are phenyl
groups, the addition of ali phatic or aromatic

al cohol significantly en alnces t he pol yneri zation of

i sobutyl ene. WD 2004/058836 PCT/US2003/ 040916 46 C.
Substituted SilyliumgatT h’S—T‘Cé:_D,SZ] I n anot her
preferred enbodi ment, subdgtituted silylium
conpositions, preferably trisubstituted silylium

Lt ions e_conmbi ne ith, WCA'S to po rize .
SOIRIEL R p SRRl st DR BUBRILTS ey
aepiRis e tadighatitygrohs, Wit el RoviRl that off8- Sle- SRR \WMRE a8l IR may
R1, R2 and , .are independently hydrogen, or a
e hadiogen bR arone & [RicRa a%x%atm:}b refereplialti Rz and R;

Qngeg Rrep@ideliy, NBCPEPYL SBolBRl of Qii}yhaﬁg egr&fp. Rlore %%ef@ﬁglyl?%b

Rz and Rj are independently a C; to Cg alkyl group. Examples of useful aromatic

groups may be selected from the group consisting of phenyl, tolyl, xylyl and
biphenyl. Non-limiting examples of 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.

[00153] 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.



be hydrogen. Preferably, none of Rl, R2 and R3 are H

Preferably, RL R2 and R3 are, independently, a Cl to
wW@2@4a5888@t i ¢ or al i phatic group. Mre preferabtUSHRL3/040916

R2 and R3 are independently a C1 to C8 al kyl group.

Exanpl es of useful aromatic ,groups may be sel ected

fromthe group consisting of phenyl, tolyl, xylyl and

bi phenyl . Non-limting exanples of useful allphatlc

IR MR SEbRL LRl bGP 0uP CONSTSTI NG Of

nonyl, decyl, dodecyl, 3-nethylpentyl and

3.5,5- trlrreAs%l hexyl . A particularly preferred %roug
SI0W34L 1 | voAdeh souree rehy gatiogris aRy FERROURGythaavill produce a

S?%oﬁ(%{ %ﬁ‘eﬁr ‘t;nlfe% %&ug} %?22{[%’-%{)6&&1&85% anion or a composition

hy y |um tri yl'ium an
bemztmhdignetwmkszi ¢oordinmming] ﬁ)r(iiﬂ:ﬁa 3] Pieams amay deugsietatedofrom the

stable f f the substlt t dsil_lium d L
SYRREHUS P§ a ﬁﬁel%e bocggn galpw Wﬁ& GRopdinating, non-
ngvaé\}gﬁgld DRSORRD ‘evagr et ol ¥r %heﬁgf‘ﬁ}e%'t ﬁypﬁaﬁkéﬁ@ Broton and

1980. Likew se for f or ms ‘of
c étei corfespontding byerodust, u(rwﬁandn Ithe@awonf)aslalwimls oarplhenol and

i%ﬁtﬁﬂ‘ﬁﬁ% t herﬁﬁ!@(ﬁte?%u?@“ R ggg pieggx%acp \%ﬁe At Shat the

2%@1’1(95818@1@ cRBbEAARACAR/OHIRE YithdRe Prot&RARPSIditiR as compared
Capabl e of Generating a Proton [00154] A fourth source

f wfithtitsareaddion oyith $e pigiine dptheupretanhgeneaiting reactsaitrciaclyde thiols,
DB MR AP RThG AR 69 e TRk W sitytiom
we}qjelcwamcsr dinatpenigubily Qlefeffed tabodiimit, Mehcg SOE IR & R3 are
fromthe reaction of a stable carbocation salt which

c oyl nsowpsywtlek lagditionrafi arataliplgticnon-aramatice alehhdli significantly
ani.on with ter.,, alc henol present to produce

t ﬁ‘éhaﬁf’%gtth?lpﬁﬁle“?ﬂemc‘gh?"e’gﬁiﬁgr ng by-product, (ether

in the case of an al cohol or phenol and alcohol in

the case of water). Such reaction may be preferred in
t [0165knt  t haothenmethodde Epuniatef Irplen campysestdoptbiniag & group

048 D, AR A SRR e
ganesmt iin gtHeemalliﬁeS dfnal Lewis Mjaed Sthat Qﬁfeboﬁ(yﬂ Iu@terfere with

acids, and the like. Simlar chem stries_ my
r ealyimegigatigny puch; 3S\A1y Qlgdint g,tplgls@gglapywd that \é(hen a Lewis base,

p@ﬁéh' a%% F}Af erfd! Fs];jrﬁésreﬁﬂ g?ged%rggﬁtl ’OF \Q"a}ﬁ&a F‘En % V\%&g eﬁa”roton

are phenyl” grou n alp atic or
aisopateiatedal hohquefsirgah iefibodimtdny 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

[00156] 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



enhances the polynerization of isobutylene. [00155]
Anot her nethod to generate a proton conprises

W@ ooiosEsag a group 1 or group 2 netal, preferpdi/ys2003/040916
l[ithium wth water, such as by neans of in a wet
diluent, in the presence of 44 Lewi s base that does not
interfere with polynerization, such as an olefin. It
has been observed that when a Lewis base, such as

i sobut yl ene, - i resent with the group 1 or L.
ey GoTh” B 8 5etig Spmertd Samoriaiig B af by eghich
ephpdeaento thgn V‘@ﬁ{ﬂoﬂu_@@%@i at hgveaNiyeakly TodldSfiting” pair.
present in the "wet" diluent such that active cataFyst
iIsikgenertaé €@ Twhesoripumng maspaldo bedirdctiyetahbined addietle WCA-

ACT] VE CATALYST SYSTEM A cl opent adi_ enyl Transition
Netiarm dheaeitdetalys 13y8iemrn d yeisally 4b& WG Bris hompined with the

AP RSRE pA Br ed J0 Rl st B S capm o
HRgsoav @R ﬁm@lﬁ@%cvi@; SP0d RogfRA, PCT/ US2003/ 040916

48 conprising thé CpTmt with a second conpound
conprising the WCA- which then react to form

- duct and the active "weak]y-coordi.nating" ir...
DB Ce: Al esintE s ARl oty § Mebsiton
aaebl duethothd vithnemdGutrbDLEWE Rcids sulk bk ‘]%C@Eé})@h)/ﬁhich upon
system Typically the WCA is conbined with the
casdtion/matt 4 lgniraprabieligandr(X) iod thedfankitibn niktal lkompueid forms an
ratios of 100 to | &éan% to WCA) also work in the
pangy, isoeh o (IB{Csl 5)3(HDi ovhic o@bBizes et ¢asionisatransitian metal
catal ysts can be prepared by reacting a transition
FRELPS EHRERIRY the f92°4Yhe neutral Lew s acids, such as
B( C6F6) 3n, whi ch upon reaction wth a hydrol yzable
ligand (X) of the transition netal conpound forns an
d00158) such asvd] [aBieCOEEIB( My¢ntion inkliecdetise adxbbiatienict daealyst

cationic transitipon Iret. speci es generated by the
ShsfPonnich 5opea MdBhEn cathetpr En R tsbumicen i s
the active carbocationic catalyst conplex which is
formed and whi ch can be represented by the fornul ae:
(A-Cp)M-(--CH2--CX--)g -CH2-- CR+WCA
(A-Cp)l\,/I--(-—CH2--CGQ--)g--CHZ--CGZ“LWCA'

Xy

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

i
Y—1\'4--(—-CHZ--CGZ--)g--CHZ--CG;NCA"

CpR



X (AC)M-(--CH2--CXR--)g -CH2--CR+WCA- | L Op
Y-M-(--CH2--C&X--)g -CH2--C&Z+NCA- | CpR WO
wWQoMIB3B836 PCT/ US2003/ 040916 49 ( C5H5-y- X BX)/USM0I/§40916
M(CH2-C&X-)g -CH2-C& NCA- JR (z-1-y) Xy and
(C5H5-y-X SX) M (CH2-C&X2-)g 4CH2-C& NCA- R' Xy
wherein each Gis independently hydrogen or an
aromatic or aliphatic group, preferably a d to C100
aliphatic group, and g is an integer representing the
nunber of nononer units incorporated into the grow ng
pol ynmer chai n, gCiSHSPE)E)S&}”ably a nunber greater than
or equal to 1, preferablysa nunber from1l to about
150, 000. WCA- A's any weakl yNcoordi nati ng ani on as
descri bed ve. Al other syybols_ar S fAN + -
above. [08? 1 In another e nt t(ﬁllgz %2&?%1#2 CG, NCA
active cat al osi tions which can

+M - (- - CH2- - O&2-N) g- - . X1
R z149) X,
;and
(CSHS-y-x Sx)
M —— (CHyp-CGy-)g -CH,-CG, 'NCA’
RH X

Y

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

[00159] In another embodiment this invention also provides active catalyst

compositions which can be represented by the formulae:

(A-Cp)
|
WCA- +M--(--CH2--CGQ--)g--CHQ--(IJGQ ;

X1

(A-Cp)



(A-Cp) WO 2004/ 058836 PCT/ US2003/ 040916 50 WCA-
+M-(--CH2--CXR--)g--CH2--C& | L p WCA-

WO R040588@8H2- - CG2- - ) g- - CH2- - C&2 CpR ( C5H5- y- x BX1/US2003/040916
NNCA_ (A')y Mk (CH2-CRX-)g -CH2-C&R JR (z-1-y) Xy Xy
and (C5H5-y-x Sx) NNCA" MgCHZ-CGZ-)g -CH2-C&x® R' X
Y wherein each Gis independently a aliphatic or
aromatic group, preferably a CIl to C 100 aliphatic
or aromatic group, and g is a n integer representing
t he nunber o nonomer units incorporat ed into the
gr ow n by r k;l y a nunber
gr eat e?\l?ﬁanwgr e@}%)arb(}% jﬂ% fgg a nunmber from1l
to about 50, 000. V\D 2004/ 058836 CT/ U82003/ 040916 51
WCA- is any weakl y-coordinating fani on as descri bed
above. All other synbols are as defined above. B.
Substituted Carbocatjon and Silylium Conpounds [00160]
Generation of trisyBStituted carbocations and sil ylium

t
cations my e 'M--(--CHZ--CGZ--)gnCHT-CG2

CpR
Y
(CSHS -y-X S )
NCA"

1)},\ / \(CHz CGy-)g -CH-CGo

X
R’ z1) 4

; and
(C5H5—y-x Sx)
NCA”
/M*—— (CH,-CGy-)g -CH,-CGy
RH X

Y

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



be perforned before use in the polynerization or in
situ. Pre-formation and isolation of the cation or

wWo bw49588B6 e cation salts may be acconplished bRCT/US2003/040916
reacting the alkali or alkaline earth netal salt of
t he weakl y-coordinating aniofy wwth the corresponding
hal ogen of the potential carbocation or silylium
simlarly to nethods known in the art. Formation of

the substituted carbocations or silyliju in situ
oA S1S] a0y avenki-Feprdiating ARIPR a%@%rlé éa&e@; 6?&“%&%{?‘%015

t at the desired tenperature of
Qﬁ%a\éggﬁtgégtaﬁgge The advantage of the |atter procedure

is that it is capable of producing carbocations or
silyliumcatjons othe unstabl e to be handl ed
o . iubsied Cappnsen s g CemBPIRe or eour vor (o
the cationis typically used in 1 to 1 ratios with

the WCA, however, ratios of 1 to 100 (C+ or Si+ to
Vm)ma] S0 WOekerhtior bétrisnbstitited cabocdtioas amd eifitlivem cations may

016 t. of thi t
o bt BB PO 5 S the” BabrBieBzA S B ity o o iof “and
V"iHofatﬁoﬁ Jf tlﬁecapu%ﬁ rdi" RN Etﬁﬁggﬁtléﬂ" Slts Fhabegicoffiblisitd by reacting

wherein each Gis

i ﬂwezpjbaid en a]lkylmfy gﬁrt}gmqta&_) rsalg oﬁylm W@zquwporgn@upg anion with the

prefera Cl t Qc h u

P eserbp el R TheoRBe CspetisR BV, il 10
| RGO kabRE ih MeDark. hF oﬂﬁ&iﬂnrtgf the® EW&futcﬁderBoca@thor silylium
preferably a nunber greater than or equa

pieSitlt egsiuis i eimdlar Manaen to stableasndist b%@lt@eéhe V@S@l and at the
2 / 165
%Qi{e%? ggraﬁlg oPﬁ@f}%%Qa O escr\)%ége g B Yatter Procedure is

-c¢oordi nat'l ani'on as ove.
otk rit SSyETmblie oﬁpﬁ)dalmngeédrbmﬂtm’mome sﬂ)[lﬁm&ajlofmbthermse too

L SRESH o T SRt BT o o
V‘%'a_lz(;}l & nglpﬁlér_gs@ﬂ &5 ¢ % q Cfa@é/s with ehef WOR! HRSevELratif2 oSl to 100

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

[00161] A novel aspect of this invention is the active carbocationic catalyst

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

R,

R 1‘ —(CH,=CGy)g=CH,~CG," NCA’
Ry

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

Cj to Cyqg 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.



R3 wherein each Gis independently hydrogen or an

aliphatic or aromatic group, preferably a d to C100
Wabdoplssss€ group, and g is a n integer represepCT/msRo0N@0916

nunber of nononer units incorporated into the grow ng

polyner chain, g is preferapJy a number greater than

or equal to 1, preferably a nunber from1l to about

150, 000. WCA- is any weakl y- coordi nati ng ani on as

descrlbed above. ot her synbol s_are as defi ned

A7 ISy wklspsoqré@%@g aniqn 8 dREGTIOR AP Yoo nfid other symbols

c germanium tin or |lead, may be used

[ %{E%gg’o?iﬁ%]%g%w th the WCA' s described herei n.

Preferred conpositions |nclude t hose mhlch are

represent ed the fornul a:
L B1F3E 0526 Y o?}Pb%lo@i%ect 5Sfsz&1?b*r éP}ﬁe“ﬁj?n i thyg active

Réal%@auhxférda&% c gbék Wikl ls foﬁ’ﬁ@d d weicAURs be rrepresented by
derivatives her eo preferably Cl to C30 al kyl

athelformula¢:kyl groups or derivatives thereof, and R
is Ge, Sn or Pb. In a preferred enbodi nent the R
groups are a C| to Clo R kyl, preferably nethyl,

et hyl, propyl, or butyl. dr of | uor ocarbons [00164]
Hydr of | uorocarbons are preferably used as diluents in
the present invention, alone or in conbination wth
ot her hydr of | uor oBarbons o¥i T d6hhiGd s eBHpCG, oK
di l uents. For purposes of this invention and the
clainms thereto, hydrofluofocarbons ("HFC s" or "HFC')
are defined to be saturated or unsaturated conpounds
consi sting essentially of ﬁydrogen car bon and
fluorine, provided that at” | east one carbon, at |east
one hydrogen and at |east one fluorine are present.
[00165] In certain enbodinents, the diluent conprises
hwdhesdid @acto Gatsbindspenderalye ﬁ?dlbg& by ahheiphetidrel arorketidy Ebup,

wherein x is an_integer from1 tq 40,
preferably a Cy to Cygq aliphatic group, and g is a n integer representing the

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

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

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

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

[00163] 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* —
g R* TR



alternatively from1 to 30, alternatively from1l to
20, alternatively from1 to 10, alternatively froml
W@ 2008/05888¢ er nati vely from 2 to 20 alternativel BCT/US2008040916
to 10, alternatively from3 to 6, nost preferably
froml to 3, whereiny and zsre integers and at
| east one. [00166] Illustrative exanpl es include
fl uoromet hane; difluoronethane; trifluoronethane;
f Iwiggroiat RANR) add RydarkIHydropeh halkel, alyl2adiidyl gesupeton dReivatives
1,1,1- trifluoroethane; 1,1,2-trifluoroethane; 1, 1,
1 tﬁemef, pedferablyaet toaligy alliyl,laz’g?l 2ralkydtgrafps wo dﬂmaltlaesethereof, and
1,1,1, 2, 2-pent af | uor oet hane; 1-fl uoropropane;
2-RT iBepbopaks; 111a plefeued FubodimrenpgieeR groups are a Cp to Cqg
1, 2-di fl yor opr opane di f | uor opr opane; 2, 2-
d@kﬂo?@f??@%&ﬁ@fh}’i ‘ﬂ}!IY1 promtlr Uiy opr opane;
1,1,2-trifluoropropane; 1,1,3- trifluoropropane;
,2,2-trifluoropropane; 1,2,3-trifluoropropane;
,HydrpHuorbedrbaiid uor opr opane;
1,1, 3-tetrafl uoropropane;
1,2,2-tetrafl uoropropane;
1 11) %ﬂ E 2: : a?({l:gg?%g%égggﬁgare preferably used as diluents in the present
1,12Y@3,t®n1 etlomf |aro i proogamsion\ WBig0 (th@s 888 fluorocarbons or in

E%-[)/ %%gvgl ﬁ{gél‘ﬁﬂ%&%p}Bb éﬂ@os%p%n tk?sgllnggr{t% " lﬂg ;claims
petﬁét@fo' thﬂﬁﬂ]h@ﬁﬁﬁﬂ)oné- (HIEG'? 8r PERCEY hidUFREPREMR: saturated or
1,1,2,3 pent af | uor opr opane;

1, L_msqtugatgi corppoufls @gmwmws@ttlally of hydrogen carbon and fluorine,

S g PR It PR BPBSS, obe bbiofl v e uorine

1,ate prederd, 3, 3- hept af | uor opr opane; 1 f | uor obut ane;
2-fluorobutane; 1, 1-difluorobutane; 1, 2-

di fl uor obut ane; 1, 3-difl uorobutane;

1, [?0?65;] | uor qlﬂucteﬁgﬁ en%oo%lnﬂéfrfté Uhe QHHérﬁ’QSmpﬁse% hydrofluorocarbons
di fl uor obut ane dor obut ane;

1,rép2santed [buothebfqmanb QHIF 3wihetrdih woiolhat mbeger from 1 to 40,

L e 8 A G et SR oy o 1 1010,

2 a@teﬁtahrvé Iy' ﬁ"&flqb’eg énﬁterﬂ&tlvély ford-1 & ATl iBRRGRIY 3REA 3 1o 10,
1,1 etraf |l uorobut ane; "1,
1

1,
, ﬂf@tlwalfylftm diubanest prefarablyofremtlria Bl whershuy ankz are integers
a%l % geat %terafl uor obut ane; 1,1, 2,4-tetrafl uorobut ane;
1, : ? rafl uorobutane; 1, 1, 3, 4- tetrafl uorobut ane;
1,1, 4, 4 tetrafl uorobutane; 1, 2,2, 3-tetrafl uorobut ane;
- tetrafl uorobutane; 1,2,3,3-tetrafl uorobutane;

1,2
1,[9913661 t et ridpptEse bEraaRles dngude 3fluqramethiangodiieremethane;
Lt}ﬂﬁgo entléanuor o%&éﬂ%@bult f“a?ﬂuo]roetﬂane 1,2-difluoroethane; 1,1,1-

ut ane A
trlﬂuoroethane 1,1,2-trifluoroethane; 1,1,1,2-tetrafluoroethane; 1,1,2,2-

e

|_\

tetrafluoroethane; 1,1,1,2,2-pentafluoroethane; 1-fluoropropane; 2-fluoropropane;
1,1-difluoropropane; 1,2-difluoropropane; 1,3-difluoropropane; 2,2-
difluoropropane; 1,1,1-trifluoropropane; 1,1,2-trifluoropropane; 1,1,3-
trifluoropropane;  1,2,2-trifluoropropane;  1,2,3-trifluoropropane;  1,1,1,2-
tetrafluoropropane; 1,1,1,3-tetrafluoropropane; 1,1,2,2-tetrafluoropropane;

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



, 1,1, 2, 4- pent af | uor obut ane;
, 3, 3-pent af | uorobutane; 1,1,1, 3, 4-
Sﬂssmr obutane; 1, 1, 1,4, 4-pentafl uorobutBeEUSN3/040916
- pent af | uor obut ane;
, 4- pent af | uor obut ane; .1, 1,2,3,3
| uor obutane; 1,1, 2,4,4- pentafl uorobutane;
, 4- pent af | uor obut ane;

R AT e 11155
ﬁ&%a”ﬂdo r@@éﬂearlel 22, %&uﬁlugr(ﬁ)roﬂmxaﬂllgmf} SpshafiRorobropane;
0

3 “hexaf |’Uor obut ane
11 23132 ABH@%aﬂqugpr@pmeane 1,123 3-hexaﬂu0ropropane 1,1,1,3,3,3-

1 xaf | uor ; _

pheefugordbe i€l | o B fuoporopanes 1112333

hﬁmﬁﬂm bpdrane] -flhodobhtate:4 %ﬂh@mbﬁtbnmr dbdidnetobutane; 1,2-
2, 2, 3, 3- hexaf | uor obut ane

1d1ilu2roj>ugmg H&@ﬂug@bg@g@,ahé -difluorobutane; 2,2-difluorobutane; 2,3-

1 ngj 2k 4113t but
fyfatad SR eS| it
112, 2irBludrabulaaf | l]drbhlﬁua)mhutane 1,2 3-tr1ﬂuorobutane 1,3,3-

i 3 RSP SR Rne 113 tqrofogropugnes  1.11.3-
h‘e‘e%%ﬁéﬂd@ﬁt‘a&éﬂ anet 4Jeet4af&m?ob%ta%e4 h@,@tza{etru@ﬁ&@bmw 1,1,2.3-

4- hépt af | uor obut ane; 1,
11e2raﬂu@1rohu1hegt dt 1, 2drteiafluerabutanen 11,3, 33tetraﬂuorobutane 1,1,3,4-
r obut

ra Lérggutgn% 3?16,%%1 gtrer]qlxgg:dobblmngs ]?2% 26kl afhllol’{'%lﬁanet anS:2.4-

1te1raﬂu&o$ut3né 4- mBa&ﬂrafﬁfmmee 113;14 tetrafldordbtare; 2,2,3,3-
oct af | uor obut ane; 1 1, 1, 4. 4. 4-octafl uorobut ane;

1te1raﬂuqrohut3ng 4, i, lp?gzrgpm@ﬂ#qgmtm 1,1,1,2,3-pentafluorobutane;

naf | uor t }
1’1 1:=ll|’%%% &%ﬁéﬂﬁ?lﬁfbﬁtaﬂg ane: qr PP@ ‘32 htafluorobutane; 1,1,1,34
1 pdnteilddroloutane? - mﬂll;lly# prpepafieorobutane;  1,1,2,2,3-pentafluorobutane;

1,3-difl - 2- et h f | 2 WO
2404 4SS TPETPUSI0S) 04gomd - ST M Bane: | 11244
%xl\J %ﬁ&rhﬁ&tb’&r 0- 3112 mﬂeﬁfaﬂﬂ&%ﬁutaﬂe 3- Ci' lf t g@ﬁ%n%tﬂuombutane

oroneth pro p a n e,
1 1;2,,133-11eetaﬂabtqbutaoe;2 metlhisl gx2epheresfluorobutane; 1,1,1,2,2.4-

Thtaltedianilohr o2 02 gF SR B op sl 23+ hesafluorobutane;

,1,11,11,2 3 Bhaenuebbuand- 2- RIS pIRRaMETobutane; 1,1,1,3,4,4-
1, 3-tetrafl uoro- 2-(f|uoromsthy|)pro ane;

1 h@xaﬂugrqb@tansf | ddsbéd.4- lqwﬂmrehlﬁamﬁw )bt éa?n%rhexaﬂuorobutane
1 . 1,20
S SSIE B e, . FITABARIER AR ARSS 1 %1204

1h&xa2ﬂubfdbfukame[ 0aQyIG2, da )4t la?dxeﬂudrpﬁutane 1 2 2 3,3,4- hexaﬂuorobutane;
trifluoroc but ane;

utane, 1,2, 3- I or og
114, b22.% Wﬁf"ﬁ §2% oldelt %ng% ‘{ eptaitt So utane; 1,1,1,2,2,3,4-
1; Iuorocyql B AN taf] bt 11123.4.4-
1h%pt§ﬂ§b iﬁ%&ﬁ% “af | uor ocyg?g’bu?ﬁaﬁa b i i > 3. 2R ts

il FRrerPF

pdaaptaﬂmrobmalyezl obut ahg;!,2,4,4 4-heptaﬂuorobutane 1,1,1,3,34,4-
heptaﬂuorobutartl]ee xafl uqr Of% S 30j3é? togtg uor%b&fa%é 2,3, 4- 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-



hexaf | uor ocycl obut ane;

1,1, 2,3, 3, 4- hexafl uorocycl obutane; 1,1, 2, 2, 3, 3, 4-
wheptasdssor ocycl obut ane; and mi xtures thereof BETUS2003/040916

including mxtures of unsaturated HFC s descri bed

bel ow. Particularly preferreg HFC s incl ude

di fl uor onet hane, trifluoronethane, 1, 1- dlfluoroethane

1 1,1- trifluoroethane, fluoronethane, and

Lybaipaob o1 oo g9 it MBS 19 e

V(ﬂl}drorhbﬂhybpldpanel 1.1; 4B fdtradruom-Dededtiylpropane; 1,1,3,3-tetrafluoro-2-
dlfluoroethene 1,1, 2-trifl uaoroethene; 1-

f m? SrIPeREnd ;1 ,_}tqﬂmrpﬂug}ugmlgﬂgnropane 1,1,1,3,3-pentafluoro-2-
1m%ﬂ§’lérl)ﬂé'ﬂ; OPrl%pre?raﬂ§ % Ikiﬂo‘f&ﬁ&ﬁ?@;%éﬁ%}e, 1,1,1,3-tetrafluoro-2-

opr bpene: uor op
1 (ﬂuoﬁemenhy])pmparm* opdluerocy¢clbb@and;r i fll udrfhmrcmyemmane 1 2-

e ST b SIS e 15
1tr§ﬂdb@6®ciobﬁﬂdh@nq 2 ?—Tﬁﬂﬁﬁ%ﬁ&clo‘b‘ﬁ%@nq 1,?,'2 t%{rh‘@l[rl&oc%lobutane

- but ene; 4-fl uor o- but erie; 1,
@dtkir@traﬂupmcmlbblumeg 1,1 bgtkpmtaﬂuorocyclobutane 1,1,2,3,3-

1, 3-difl flu
PG R OBE o o 1 2 A RO S, 112230
3 héxaliublodpelobktayt ene;1 33 g,zﬁh&aﬂ%@c&cmwt@ﬁbe 1,1,2,2,3,3,4-
4. 4-di fl uoro- I-butene 1,1, - trifluoro-1I-butene;

1 haptalyqroqyclpbutang;. mnde maixtures) | thenepf f ansbr includingt enixfures  of

1 u%s gn%t'é& lf {-lu S %{) (af:icg%?ae ﬁge%\:)( 1, 3 2Pﬁt ‘%ularH ulpgrclr;gerrlegl bﬁ?gﬁe ;mclude

1d141u¢fdmetﬁdmprmﬂhmﬁmeem1,e 21, B-ddhdotddihan@l of, i ;1buirBli®roethane,
2.3, 4- trlflua 1 -but ene; 244tr|fluoro- I
" Babremsthage. ang 1, 1.1 2rigigatbioreethagst ene: 3, 4., 4-

trifluoro-1l-butene; 4,4,4-trifluoro-I-butene;
1,1,2,3-tetrafluoro-1-butene; 1,1, 2, 4-
t €20167) uor oHlustrativen exaripley ®f Iutsattirasdd hypdiofluotvotdonrs include

v]fyﬁ fﬁlO{‘lg zillr%ﬁp%ropthgﬁet Zﬂg-;diﬂuoroethene 1,1,2-trifluoroethene; 1-

1 fldordpropbd, I @flLdiﬂﬁ@ro!prdiiéh@nq 2- &ﬂam%pﬂfﬂeﬁé T af -4t Bzdpropene;
butene; 1,2,4,4-tetrafl uoro-I|-but-ene
123: chﬂulmrpﬁltomnq,uor3e31d1fblspnr@1r91;>enma 3, 4;142 Wl PSR836 1,1,3-

E@ %%9?9%1194091162 3 %ﬁﬂ%or%)él% LT 0| 3848 opropene;  2,3,3-

rafl uéro

2trﬁiv3>rdbrmﬁne,aﬁ B;.BGﬂrﬁhllord;mdi@Iﬁe,, 1-fluoro-1-butene; 2-fluoro-1-butene; 3-
4-tetrafl uoro-]-but

zﬂzor@ 14 YieRss -fluesool- bu%m,ehbfdifbwgo -4;baiqne (lg-fliflgpen- | -butene;
bWSed'iﬁuorépx%géhe‘l'lt@HﬁﬁB%ngrbgfehe 0y ¢ %%ﬁg)r% 1.butene; 2,4-difluoro-1-

2,3,3 nt af f uor o ut en
pbuiti; I3LBedlrﬁlub1=obhbma:ae, 314 ﬂ;moﬁo-él—hummbm I4uhﬂmorb Iebitenee1,1,2-

%triﬂ irc;f[li) Beeg,t g]tl:, :trgﬂlllc;rgﬁulaﬂ%ue 1,1,4-trifluoro-1-butene; 1,2,3-
Lirffhbrot1 buR@B! afll UekRAhcrBULRRG e; 1. B3 3-tAfifloro-1-butene; 1,34
trifluoro-1-butene;  1,4,4-trifluoro-1-butene;  2,3,3-trifluoro-1-butene;  2,3,4-
trifluoro-1-butene;  2,4,4-trifluoro-1-butene;  3,3,4-trifluoro-1-butene;  3,4,4-
trifluoro-1-butene; 4,4,4-trifluoro-1-butene; 1,1,2,3-tetrafluoro-1-butene; 1,1,2,4-
tetrafluoro-1-butene; 1,1,3,3-tetrafluoro-1-butene; 1,1,3,4-tetrafluoro-1-butene;
1,1,4,4-tetrafluoro-1-butene; 1,2,3,3-tetrafluoro-1-butene; 1,2,3,4-tetrafluoro-1-
butene;  1,2,4,4-tetrafluoro-1-butene;  1,3,3,4-tetrafluoro-1-butene;  1,3,4.4-



pent af | uor o- 1- but ene; 1, 2, 3, 4, 4-pent af | uor o-| - but ene;
1,2,4,4, 4-pent af |l uoro-1- but ene;

WQ2®4/8588361- pent af | uor o- 1 - but ene; PCT/US2003/040916
2,3,4,4,4-pentafl uoro-1-butene; 3,3,4,4,4-
pentafl uoro-1-butene; 1,1,2, 3,3, 4-hexafl uoro-I-butene;
1,1, 2, 3,4, 4- hexafl uoro-1- butene;
1,1, 2,4, 4, 4-hexafl uoro-1-but ene;
i’% %ﬂlﬁ)TA"Ij) %}%g?rlhgéf % %i:,tlra_ﬂgﬂ%{ e—g—%utene' 2,3,3,4-tetrafluoro-1-butene;
2 23 3 Mteﬁaﬂud?@&aﬁdtw 02144 puéteAmorol 1 -buns, 33,3 4%-tetrafluoro-1-

tafluoro | - but

1 hu@es K44 ‘hteﬁéﬁtl%rprhbwan,- Bultbd;peptaflugrosl -buteng, 1,1,2,3,4-

te
PSR- SR 102 40 pepaflprectbuting, 113t peyafyor- 1
2-buténeo rld 24 Byjeatafluoin- 1-bdiehé;ub i @;24-puttefhairo- l-butene 1,2,3.3.4-

L BTl BuEn Lrc 4 3:Pen @ et bbaeRtit ehadd.4-pentafluoro-1-
1, ordiet P14 W@ Iﬁ% ‘ﬂEHfoeﬂ ‘Buterllé' 1344 4] PFﬁtHﬁﬁ&S?lBELk{éxﬁé;%,BAAA-

1,1, 3-trifl’uo ut ene; 1,4~ uor o-
1 @n&ﬂubrq-f-lbutanex- 2; MBérﬂehexhﬂﬁoré lt-bmtfsh&;oi,d 223 Bdtiemeatluoro-1-

2-te f r,0- 2= but
t eW%{Fr uorjy %%#fgé]‘?@ﬂ‘i"r‘i%nblﬁe Cet 1 afl ﬁrﬁo% d4hexaflaore-1-butene;
1,123,4%, m&imubwmu?en@utw 8.4,4,4-hexafluoro-1-butene; 1,1,2,3,3,4,4-
1,1 2 4-t et rafl uoro- 2- but ene:

1, lpgiflporcet bufeheior o- 4,128 dred-heptafluoro- I3bysent af | ubd GsR4,4.4-
1%%%%?%\01;]?_ \]j‘%e%?,l u%}%g%ﬂ{j&l ggﬁgﬁu bUtlellu%ine 1-fluoro-2-butene; 2-

peﬂtﬁo&uf){Zl—.int@rez butdfeorol2-Butdnd, 41 -Paifhefd-20ou@ne; bUBRARGoro-2-
1,1,2,4,4-pentafl uoro-2- buten
1, bitepiep é44d1ﬂggr§f2 hutene:2- %@I-tdéﬂfg o-2-butene; 1,1,1-trifluoro-2-butene;

1 . - - en gy . ) _
1 1%1 % t%ﬂﬁ?ré_%gﬁ)ﬁgxﬁ% ﬂgg g téﬂg%gg?t.ene, 1,1,4-trifluoro-2-butene; 1,2,3

1 tmﬂmpw;%bmehexhﬁﬂunﬂueﬁ—bbmene, 1,1,12-21:13f1doré-2-butene; 1,1,1,3-
hexaf uor

N N NPT

helpt 211l 105MRo DERAR; 1@@4@&5&1%&32 BRET 1,375 pentafiuoro-2-
i ncl udi ng m xtures o? saturated HFC s describ g

aboene; [l 0ol dipentatlope-2hbiens;nbhil,3 4-h€1tdﬂ¢<11re12t-butene 1,1 14 4-

CORBLASERIRNERS! | 4074 P3G RTRURS o By b2

C covpaiends be;mm nn@smmﬂnwa& consgjist ng maﬁ@drbmnbutene
and fluori ne. i n anot her errbodl ment ,

t Hel4:3 b%ﬁ?xaé]&ﬁfﬂ’?'@é@nﬁa bl enhi4:4aexsilaore-arhyteneso m!;flb?s%“ 4-
Pefekhtsrdnay c}ﬁéga econpoynd, » ppef ﬁefép%iﬁn%ro E*b%te%%{ 2' ys{ 112444

nononer , fuent > "aré present In a si or
t Htepmﬂunmpaabuuenn eghdcmiyiomee rllhcﬁ'etafr ﬁldﬁi:ﬁhidhigemt\xthfts \k@ saturated

23‘%‘% 58838?1&3(%} US2003/ 040916 57 the diluent as

P #e¥fher detail below. In another

enbodi nent, the bl end
[00168] In one embodiment, the diluent comprises non-perfluorinated
compounds or the diluent is a non-perfluorinated diluent. Perfluorinated
compounds being those compounds consisting of carbon and fluorine. However,
in another embodiment, when the diluent comprises a blend, the blend may
comprise perfluorinated compound, preferably, the catalyst, monomer, and diluent

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



may al so conprise chlorofluorocarbons (CFC s), or

t hose conpounds consisting of chlorine, fluorine, and
w@ 200805883¢ 00169] | n anot her enbodi nent, when hPgE§2003/040916

wei ght average nol ecul ar weights (Mv) (typically

greater than 10,000 My, preferably nore than 50, 000

Mv, nore preferably nore than 100,000 Mn) are desired,

sui tabl e diluents include hydrofluorocarbons with a

#ﬁféh Cdegaji}?etdgﬁtf?ﬂ{er gﬁgﬂtb%fovs; hﬁ%%g}eg%?lygcﬁﬁen% g}e blend

pre era reat nor e rea
trﬂraymls’mpompmse ¢hiedodlnatoyrboy EEHES), bhatos2 Tompoteds consisting
pr.eferably 40 or nore. In enbodi ments where | ower
%F@Bﬂpea URBRgyHd CF‘#’V& cally | ower than 10, 000 My,
preferably less than 5,000 Mwv, nore preferably |ess
than 3,000 Mv) are desired the dielectric constant may
1801685 s t ham ahOthen renthpdmakiit,nghérahggher anaiglit svesdge molecular

oS it Qom0 “aiee AR ACRBOVT, corof5hebi fhors g, 50,000
Wity @ftire E;Qeﬂeﬁabl}d eh&QENhRed obr(mm PRAS bice ABiMed, Shitdblte dlluents

capaci t ance of par al | eIri Eﬂ ate capacitor inmersed in
16

tiinudsi lmgietvﬂuopwa@ms efdth@ cTid] constaniof gtfe@tpeﬂ@e 10124+86°C,
Bl SR et LA a7 20k ot gttty

toheatdreman rad rﬁ@@ feadtle 40Nbi Sno@é.v €l aﬁb&&«ﬁleﬁi@%@e lower
where s is the ielectric constant of the fluid in

R %‘I’&ﬂ%’fh‘@elélﬁé AEYP@Q?HYﬂ@WP‘h%Fs]@aOOOdMW: Prefeeabbefgss than 5,000
F
Ao %@%ur Livid @EB 66&)91\4%& i ﬁl@g%{ Bidferric ot may
SBH{s§ @BnCA) 0SBy adc@maegey)aﬂ(oﬁasm)mum or mattslfetalgynt vehen the
bui | t t Br ookh
PHARERS i bomut TR o B R o SRS s i
Qi'e%hﬁﬁk& fForf GRSdsARneRts 6 {Hde %501%5@%T|ﬂparﬁl&%@rchﬁ&ﬂor

of the dielectric constants few sel ect ed
dinimeeset sinathe -dBeni Mmsumddmlumélnd;,v\nn angfegernehflaid! ¢fyknown

ALy RS 2000 G20 S ySRR0AL RIS
Dh EAdhotae Bk Madaeurd8 cafhcitdnck-Clj fsl gt OgReC2OC S vhere ¢ is the
dielectric constant of the fluid in which the capacitor is immersed, C¢ is the cell
capacitance, and Cg is the stray capacitance. From these measurements ep is
given by the formula ep=((Cp-Ca) sr + (Cr-Cp))/(Cr-Ca).  Alternatively, a
purpose-built instrument such as the Brookhaven Instrument Corporation BIC-870
may be used to measure dielectric constant of diluents directly. A comparison of
the dielectric constants (¢) of a few selected diluents at -85°C is provided below

and graphically depicted in Figure 1.



1,1,1-trifluoroethane 22.18 1,1,1, 2-tetrafl uoroet hane
23.25 1,1,2,2-tetrafl uoroethane 11.27

W@ 240583@- pent af | uor oet hane 11.83 [00170] | nP@L/82003/040916
enbodi nents, one or nore HFC s are used in conbi nation
W th another diluent or m xtgres of diluents. Suitable
addi tional diluents include hydrocarbons, especially
hexanes and hept anes, hal ogenat ed hydrocar bons,
especi ally chl ori nated hydrocarbons and the Iike.
Specific exanples include but are not limted to
pr opanen., . Sobut ane, pentane, |nmet hycycl o ane,
isohexggg?e - net hyl pent ane, 3-nethy?ﬂ€g§§;e,
2- met hyI'butane, 2, 2-di met hyl put ane, Z, 3-
dinethﬁME@WgHQPH@ﬁnethylhexare, S-netﬂéﬁﬁexane,
3- et hyfpentamne; —2;2=—dimethyf[pentarne,
2, 3-di n]StﬂWﬂp%ﬁhfmﬁe, 2, 4- di net hyl pent 382 3, 3- di ngt hyl
pent anJe, 2=—rethytheptane,—3=ethythexane;
2, 5- di nbifyflierethaye 2, 24, - i met hyl p@ft3@ne, oct ane,
hept ane—but-anre—ethane—rethane—nonane;,—decane;
dodecang],lunifleoarehanbexane, et hyl cyaldi8exane,
cycl opropane,—cyclobutane,; yel-opentane,
met hyl cy¢ligpenhangoethade di net hyl cycopestxne, cis 1, 2-
di met hyl cycl opentane, trans-|, 2-dinethyl cyclopentane,
trans-|{ 1 3->-ghaRh&vEGMsd opentlane, et hylieyrcl opent ane,
cycl ohexane, nethyl cycl ohexane, benzene, taol uene
xyl enej @qpfg;éﬁhﬂaﬁoaﬂgkg-xylene, met13-gyl ene, and
t he hakohéﬁa ed versions of lall of the above,
preferably the chlorinated versions of the above,

referably fluorinated versio f all aof. the,. .

RO By o oies SrbGimEly oot P R Gy asdp ggbination
ugief slothePligiebhd ¢ BXAINRY 65 diludatsl dRuitabRt dtditichhl iluciss in¥ide
2004/ 058836 PCT/ US2003/ 040916 59 net hyl ene chl ori de
dydyacabhner pensciay o poxaneh| #xi deptapes; yhalegangierlqaydrocarbons,

: . ike. SN :
SHL 40 s o OO Bk | SRR, B nctce b
diré nwertiitedtocomwbiamegisobntant, tfentdhE methiryahgleptné, nsdhedene, 2-

but are not Limted to, ethylepe, propyl ene nd the
| pgthylpentane, 3-metilyﬂ)entane, 2-m>éthyﬂautang, Bé-cﬁme’chy utane, 2,3-

h = o =

dimethylbutane, 2-methylhexane, 3-methylhexane, 3-ethylpentane, 2,2-
dimethylpentane,  2,3-dimethylpentane, 2,4-dimethylpentane, 3,3-dimethyl
pentane,  2-methylheptane,  3-ethylhexane, 2,5-dimethylhexane, 2,24,-
trimethylpentane, octane, heptane, butane, ethane, methane, nonane, decane,
dodecane, undecane, hexane, methyl cyclohexane, cyclopropane, cyclobutane,
cyclopentane, methylcyclopentane, 1,1-dimethylcycopentane, cis  1,2-
dimethylcyclopentane, trans-1,2-dimethylcyclopentane, trans-1,3-
dimethylcyclopentane, ethylcyclopentane, cyclohexane, methylcyclohexane,
benzene, toluene, xylene, ortho-xylene, para-xylene, meta-xylene, and the
halogenated versions of all of the above, preferably the chlorinated versions of the
above, more preferably fluorinated versions of all of the above. Brominated

versions of the above are also useful. Specific examples include, methyl chloride,



[00172] In one enbodinent, the HFC is used in
conbination wwth a chlorinated hydrocarbon such as

woredohpsssahl ori de. Addi ti onal enbodi nents i ncl RABEUSE0E0916

the HFC in conbination with hexanes or nethyl chloride
and hexanes. |n another enfodi nent the HFC s are used
in conmbination with one or nore gases inert to the
pol ynmeri zati on such as carbon di oxi de, nitrogen,

YR RAE Ml ARyt P BoRTRBIP Sy, ER0AR, ALEHRm

i@l thbdiké.eactor. Preferred gases include carbon di oxi de
and/or nitrogen. [00173] In another enbodi nent the
HFC s are used in conbination with one or nore

EiOtl?ﬂt ed a%l‘ ‘%ﬂ&%\er I AfoHRY fhntchbO dliddsahey bé NRAA - as
ycl1c or branched al kanes. Preferred nitratéd
dilemres combingleon with HEE sndixahiphist iediutle, buti are aretiare to,

%Ltroethanz, ni tf{fglgil ane, nitrobutane, nitropentane,
YieBhdXemeneniy E -ane, nitrooctane, nitrodecane,

ni trononane, nitrododecane, nitroundecane,
nitrocycl omet hane, nitrocycl oet hane,

[oi72kcycl opr epanembadiimenscyfed dBE afeused in combination with a

i.trocycl.opent ane, nitrocycl.ohe - > .
ChLSEYEVSRETLERS: o FECUBRRERTRe Aduidonst embodiments
MHclldeCueh O dies MFE i dofd@atibANOiaNRxanes or methyl chloride and
nitrocycl ododecane, nitrocycl oundecane, nitrobenzene,

herhnesh elnganothes gmbepimestt theoHles sre Heddn combinghign avithpone or
f - iy i t
4 B eSS o DN o pcsgen

hrgba, déi, Heliumpkploas schoupani/drhehert imbal gaves| thateare fprefaembly
diluents, alternatively between 5 an 00 vol ume. %
hinvidy daentie s, threterelon TRyefermed 185655, &1 egrbon 48%id€ and/or
ﬁ{t;ogggativel y between 15 and 100 vol une %

alter

natively between 20 and 100 vol ume %
alternatively between 25 and 100 vol unme %

RZ30a: i v 5 Yochis- SRRl B s HROHEE mpseinstiogvith one
BELYRE RitdRe RARad0intRIdHEECYa0o &,f aitRadd Nelay, dyetivee bradhed

and 100 volume % alternatively between 45 and 100
whiapere Brefeatedanivizied elkpyesyaciide bus oreapgf limpided tpe piffpsnaghane,

TSR, o B BR Ry oy fpane, i
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%gtgoec:gfgl%ge}t/healng, nitrocycloethane, nitrocyclopropane, nitrocyclobutane,
nitrocyclopentane,  nitrocyclohexane, nitrocycloheptane, mnitrocyclooctane,
nitrocyclodecane, nitrocyclononane, nitrocyclododecane, nitrocycloundecane,
nitrobenzene, and the di- and tri- nitro versions of the above. A preferred

embodiment is HFC’s blended with nitromethane.

{00174} 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



between 70 and 100 volune % alternatively between 75

and 100 volune % alternatively between 80 and 100
woi0u0s88%¢ alternatively between 85 and 100 vPCT/DE2098/040916

alternatively between 90 and 100 vol une %

alternatively between 95 angp 100 vol unme %

alternatively between 97 and 100 vol une %

alternatively between 98 and 100 vol une % and

alpbRrRAIV Bl 10FVIRER: 98 AfathaliV0yVIRkWES: 20 andiN (@ volume %,

preferred enbodi ment thé HFC i's g | ended wth one or

mahtemetivedy betateenl 45handr bdhvblons. %l altamativedy bpiveenriOeahd 100

ORI T g P Biehl DT h A O] F s oINSy between 60

1 ailxd diob! wRiRE bR aflRmativilylbetiveéd byamaetdoanfiumdd, alternatively
1, 2-tetrafl uoroethane and m xtures thereof.
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sglafflré)e%r BRS-t ﬂri angthpipre gentring G <s 5@5‘»@3 from the
d [ t11-
At SRS Hﬁf“%"f{lﬁgﬁe B e 1 RO ABREY
c feorostbantehand t,hd ,2- maﬂmeﬁhame andmasgurapthaicef.of | ess
than 4 wt% preferably less than 3 wt% preferably
less than 2 wt% preferably less than 1 w% nore

priedErspbl v lIg%sothBABmbOdiment te JiQRAY 61 dilfer? mixaferi§ e8ected
enbodi ment, the diluent or diluent mxture is

s éllaa;e@t E@PUS it sotubiity tinetheli ohenesn c EeBaipydilientsharensohihle du the
T
P SB0yd AARLAL hRS  Bt b BaREL Vgt S

angl thel golynwe Sis irseasiteli vy Iatnind tlﬁéﬂ@ori}gleofmtohe fﬂﬁi Xbﬂlﬂlilckness
measured after. it. has. been forned.into a fil

t PeBrss8 9 e IR anicns.dheh 395k g; iE Podiluent feRPuFhS (\wy}er the film)
3}913% GR3R34 PGS Usﬁ%oﬁm@‘m&ﬁoveﬁgg&?% I8 de)k}{(‘)sed to room

ent (enough to cover the f or 4
- T&Qperdee fird¥sseconds 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 wit%, preferably less than 3 wi%,
preferably less than 2 wt%, preferably less than 1 wt%, more preferably less than
0.5 wt%.

[00176) 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



transition tenperature is determned by differential

scanning calorinetry (DSC). Techniques are well
walemansdsadl in the literature, for exanple, B. PCT/US2003/040916

Winderlich, "The Nature of the G ass Transition and

its Determ nation by Thermal Analysis", in Assignnment

of the 3@ ass Transition, ASTM STP 1249, R J. Seyler,

Ed., Anerican Society for Testing and Material s,
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PLAKMGE i Q1T Y QUiSh e DALELRG OFRRRCP0°C B (b other,
the 1 nvention may be practiced 1n a plug flow reactor
apsbfanblyt withsd 9PE@néf cadmotimrs preferaplar withinl $°Ct bf sach other,
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betefereblydmilin B38&cebeachn ofleer, grefereblyl withsndfer of afagi other,
t ubul ar, react Qg nd,an aut orefri t il nel-. pool
- Biterabty TG 265 of R Rhehr ety PRORLGE il Bder. P

removed by use of heat transfer surfaces, such as in

a tubul ar reactor where a coolant is on one side of

t RelyngsizaiomProcess pol ymerizing mixture is on the ot her
side. Heat may al so be renpved by evaporating the

pol ymeri zing m xture, such as may be found in an

ayeoy7af r i gerrat énveption g bpaodcticypm cadiotaus. andrimtdherocesses.
exanple, i.s a.plug flow reactor where a portign of

¢ RrBg RRVCRRG TR RARTECHoSd 40 Aauvadiay Hadtohindioriiped tank
W2 2004/ Oﬁig%gﬁicﬁg A2 RA0ARS be practiced in "butyl reactors."

Illustrative examples include any reactor selected from the group consisting of a

continuous flow stirred tank reactor, a plug flow reactor, a moving belt or drum
reactor, a jet or nozzle reactor, a tubular reactor, and an autorefrigerated boiling-

pool reactor.

[00178] 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



62 proceeds through the reactor. Another exanple is

where heat is renoved in a plug flow reactor through
waenoasssihieat transfer using coolant on the otPEr/USI008040916

of a heat transfer surface. Another exanple would be

a reactor where polynerization takes place on a

nmovi ng belt or drum where the dil uent/nononer/ catal yst

m xture is sprayed onto the belt or drumand heat is

r epmxeedis thyouphahoreatton NAndthetexadiplalie vtheasheat aremeaed inaiplug
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M Em). 2 AGoVMRE IR o fORSTE! s AGel & BoARIMeacth.t ThéR reactors have a
agitator or in a tube type reactor. Preferred reactors

alsherti residgnes rtisngctvdhese thih apenarhe, shlughieand agatallistogystans are
e an

ol it ot B BBl RS bR RHEREDRNE 1y iy passes
r elaeiugh thdherzeletat bigh velveftyai ni ng cool ant run inside the
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wher e the pol ymeri zati on occurs insi de a tube and the

R RelQHl Thikh t t
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In certain errbodl nments, the invention is practiced

ustoatpng is|pyesept opahy resherzside. onAprexeawle iHeweeeter vdiehe tubes
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SO(i rza rrerlz

DF\O@tﬁ&SbeSmee thh@olymvarzhn@rnomys inside attumm:l the coolant is present

pol ymeri zatign processes,
on the outside of the tube in a shell.

[00180] 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.
[00181] 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.



WD 2004/ 058836 PCT/ US2003/ 040916 63 [00182] In one
enbodi nent, the polynerization is carried out where

W@ b@4/08888@1 yst, nononer, and diluent are preserPtT/Us2083/040916
singl e phase. Preferably, the polynerization is
carried-out in a continuous pplynerization process in
whi ch the catalyst, rmnomer?s) and diluent are
present as a single phase. In slurry polynerization,
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C RESRE R, Hepci i Lo Sy AcTfhAitRR gidor e
arehvVeRience 6D eabsaBint rédgomoRCRNMunaditely Un $elresstingipolymer
the slurry is less than or equal to 75 vol% In yet
amdEWE?. embodi ment, the concentration of solids in
slurry is present in the reactor from1l to 70 vol %
In yet another enbodi nent, the concentration of
SqO0k83] i n s [Tthe rryacites] mbmmb withid te reaamt formfpaenofes dlarry. In
70 vol 6 et anot her odi gﬁnt, ]gwoncen rati on
008 SbRdinies §1'|1%‘f91’§°‘2:t€ﬂ%188 it SoBfs Frsthp sREE eiypl fyar greater
I @Rl RTV(fl%) M dofRr Zﬁb&ﬁlné%t ki YRledRRbR T sSHROHI (HE Alirry is
the concentration of solid$ in slurry concentration
i preserts éntthé rremh@ ﬁg@dtt@r of rgyeatdrs tham 26 valds Im y;eétanother

rrb t t f
o PG B PR AT HE o LRIES 1 '8 18Ry 3¢ 1658 Kheror gl to 75
2@ol%. 10 y&’@in%hek Bm¥Bdin@Af theforRBiedioRTisolidd® slurry is present

concentrati on
in the reactor from 1 to 70 vol%. In yet another embodiment, the concentration of

solids in slurry is present in the reactor from 5 to 70 vol%. In yet another
embodiment, the concentration of solids in slurry concentration is present in the
reactor from 10 to 70 vol%. In yet another embodiment, the concentration of
solids in slurry concentration is present in the reactor from 15 to 70 vol%. In yet
another embodiment, the concentration of solids in slurry concentration is present
in the reactor from 20 to 70 vol%. In yet another embodiment, the concentration
of solids in slurry concentration is present in the reactor from 25 to 70 vol%. In
yet another embodiment, the concentration of solids in slurry concentration is

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



of solids in slurry concentration is present in the
reactor from25 to 70 vol% In yet another
weriedsasent , the concentration of solids in sl|BCT/YS2003/040916

concentration is present in the reactor from30 to 70

vol % In yet another enbodigent, the WO 2004/ 058836

PCT/ US2003/ 040916 64 concentration of solids in

slurry concentration is present in the reactor from 40

EBnoehflatd 04934189&1 diry wﬁc%ﬁirgtng 8 pFRB IR Reablo tom 40 to
eact or . The reactor is

gereal Iy fi tted W th an effl cient agitation neans,

such as a turbo- mxer or inpeller(s), an external

cool ing jacket and/or internal cooling tubes and/or

il or t t
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e reaction volume to avol
&&ﬁ@ﬁﬁbmﬁnmohyambbanﬂummhmmnon or separation fromthe
di luent. (00186] O her reactors that may be utilized
in the practice of the present invention include any

g[?@mgt | onafyeEAEHOLR FRetram aygé&at@ dehiesraRbd Qﬁﬁlﬁ@ ¢t the

rformng a continuous slurfy process, such as
d:lasliysosa@ nionotdes. wihialthe 98@tor, Feod bl gropsst ce*dWﬁlyn the

RS EEe TN LSRCLALBUIR APBLL Sh SO DS, kalllG Wi

r6 agdi@lexvdskive pOIRhRL Acctbfulldtion &R kepapdioutidin ﬁfe ditvent.
catal yst system of the present |nvent|on effective to

cat al yze the polynerization of the nononer contai ning

ﬁﬁﬁs zt feaf@tﬁg}%ﬁ&ﬁ@ Bt ﬁ»‘%gfae%ﬁmed AR g%acag% Bt Biksent

av ng desire arac errstics Is
figeehtioh rigelodd Bny conventional reactors and equlvalents 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 wt%, greater than 30 wit% in another embodiment. In

yet another embodiment, the feed-stream will contain from 5 wt% to 50 wt%



one enbodi nent contains a total nononer concentration

greater than 5 wt% (based on the total weight of the
woroveess3q di | uent, and catal yst systenm), preP€r/aR1093/040916

greater than 15 w% greater than 30 w % i n anot her

enbodi nent. In yet another_enbodi nent, the

feed-streamw |l contain from5 wt%to 50 wt % WO

2004/ 058836 PCT/ US2003/ 040916 65 nonomer

concentration based gn t t.ot al ' 0
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ABPPDIS, Whichs s adsresh BiRtKe MEdpihg ratalyst gn ride wpymerization
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bases, oxygen containi ng bases such as al cohols ‘an
tsheullli ke. substaatiadly freeowér bdseed(snely dse chustis), psulBir-containing
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10,000 ppm (by weight), preferably less that 500 ppm, preferably less than 250
ppm, preferably less than 150 ppm, preferably less than 100 ppm.

[00188] 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,



the nature of the reactants, and simlar factors
determ ne product nol ecul ar weights. The
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- Fahe LRBNPIHRIS %eﬁfthé Plhrgise wemlm apshe b ‘i’re%hﬁg Woint of the
thereto when the phrase "within XC above the freezing

pdlilbentods usheé 1t m¢dng émﬂeezmgtmera of thendibagnt plheXf rée¥pnexample
pe f the d|| r a if t.he

P IL S g s of B auRattia S G B9 Wusting gleckipf paint of
t hiee dihepzisng8qmi nt of the diluent is -88C [ 00190]

The reaction pressure will be fromabove 0 to 14, 000

kPa in one errbodi ment (where 0 kPa is a total

et - P geit180 30 Bl TRBLRCHNG o0 K in one

erhdddimeat (whero hkPaGs & Rdaltvacuum), from 7 kPa to 12,000 kPa in another
embodiment, from 100 kPa to 2000 kPa in another embodiment, from 200 kPa to
1500 kPa in another embodiment, from 200 kPa to 1200 kPa in another

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

[00191] The order of contacting the monomer feed-stream, catalyst,

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



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

kPa i n another enbodi nent, and from 200 kPa to 1000
whRa4ios88yet anot her enbodi nent, from 7 kPa topdD0S10P#040916

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

anot her enbodi ment, from 40,kPa to 60 kPa in yet

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

anot her enbodi nent, from 3000 kPa to 10,000 kPa in

a r enpodi nent, and. fr : k Pa 6,.000. kPa
IS anat Rornaln ariariRolo fienE ) dufdrtid e pre-
Cedttagdd bg rﬁiﬁﬁg%?@cﬁ@ﬁnﬂﬁ@@cl&été@alﬂuelﬁaﬁ)ﬁla)ﬁﬁéscribed amount of
initiator, and diluent may vary from one enbodi nment to

afeehengingoireon 4 U5 sewsd FeT  Uhns/ aubdhe 15 mipged oo the
LS PRS2t L USRI BELE oo

démbedilneh L ewviphes and biedinétiavamdre afided fonhe redegirngpdrately. In
0.01 second _to 10 hqurs, and then is ipnjected into the
cathaugnodimget dhe aptiaignHs dlended) ik the Feqdemgpomers before
| . . u . H . i . i .
Gk 18 RERALGE B B AROEEis R CAATRT ith ¥4 S
seqdy @ttht Lewlsmcidomhbiaed with dled metietor befiereitind mioadmersiepter the
bl ended wth the feed nononers before injection to

t F8°1kact or. Desirably, the nonomer is not contacted
with the Lewis acid, or the Lewis acid conbined with
the initiator before the nononers enter the reactor.

[ (193] | n &maweedbadiment ofghe irtventions dig ingintortand Lewis acid are
initiafor and Lew s acid_ ar al L.owe e- cont act
g RpEagerrer pophititiesdh O el hpP A tedplratures
t GERRERLATCES and Bl VIRRRinp 4t aBfpbiafire EeHd AiudROivith a contact
tenperature of the diluent, WIFh a contact tine

b &itngeleatweerD 0.04 essoonttls anddseyerab hatirsheud detvepga bk tsogsads and 5

0.1 secon d,.5 . m nytes ref er abl ess an 3
niRES PPl 8 sy iBieB SeELRy heiRR 42 Yraigs ana 1
bﬁfiﬁ’tﬁt_@bbﬂ@k@ﬁl?écﬁﬁniirﬁbﬂletrb;ﬁ:télﬁ‘aCtOr- [00194] In anot her
enbodi nent of the invention, the initiator and Lewi s

acid are allowed to pre-contact by m xing together in

3 1= o TR L U A AGR, 0 Lo
oveidadrt allesicdetocpretdonaci by tihixinge asgedrer danhe aelected diluent at

dependi ng upon, .
terl)nperatur%s b&ween 80 and -150°C, typically between -40°C and -98°C.

[00195] 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.

[00196] 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.



e.g., catalyst activity and concentration, nononer
concentration, feed injection rate, production rate,

WO e@en58386 t enperature, and desired nol ecul ar wWeCTO$2003/040916
and generally will be between about a few seconds and
five hours, and typically bﬁ%vveen about 10 and 60
m nutes. Variabl es infl uenci residence tine include
t he m)norrer and di luent feed injection rates and the

reac oI umne. atal

a:i}? &? another ﬁléfil q:g{qbedlg{q% ]tgeggat-rh %\gstaégfs@(mltlator is from

CQRY &Nt .08t o0 781§ @F IThE Yveadr &ﬁ@éﬁtf&f@i&h%f the initiator in the
pol yrmer i zation processes. In one enbodinent of the

| rre@mru&)t’ypmlaﬂ}a froom 5 me30Q ppro at 40 ys250wpire. Tt icouceniration of the
i.cal |

581 bt o seest B Savaisaly T b GBAESER in ome

P@HM@Z&&S/ BHHED wa§Go lBscYiBE tIRNBAIRE ofl BHtidtaPInethe reactor is by

enbodi ment, the ratio of Lews acid to initiator is
f AtsrAmaynsrelasivego the pelyoer.0reng embodimgat, ghase iy from 0.25 to 20

i %&gé;{)({l?ﬁl:mg@m?esméuﬁ%rogﬁ% Er%}ngéj fg l?gﬁ(élg @%%gr}rln&/%% initiator in

canocwbit drabdddmef the initiator in the catal yst feed
streamis typically from50 to 3000 ppmin one
errbodi nment. Another way to descri be the anmount of

béi THeNeadi&2% n,g F:cg{téin k&ﬂfﬁc‘uﬁ@ 2R o B g&ﬂﬂé@% %%tem

e poﬁymsr n one e nment re s from
20)f t]mn;bre&npnivymiam tondamlyzeithd mlymgrlmm@nforf ¢hm Boborher chtaining

no ol ymer/ initi anot h nbodi nent
d%ff@g§ o i Ay PRIGEH AMIOB( T NP BMES dpsired

t h@aGekAbRts pyoRiu8sn. Phe FR8-sREAR SR bnk RUMBHIMAL Ontains a total
catal yze the polynerization of the nononer containing

f geehoster @am:@mhom lgacatex thart 20 cwté/m t(bmd) wixt theftojabmeight of the

havi n deS| char terlst & u

F b SN o Ao AR ke g WL G MR in another
Wfﬁﬁﬂf(ﬁﬁfm&@“ﬁﬁ Rict ahdther heati@ent hﬁnfea&lsm&e% (Waasedta@ from 30
t he total wei ght of the nononers, di]uent, and

caidt 500 §9% @mlom@? eencentratioarbasesl g dhg tptalnweinkiy of monomer,
'}ﬁﬁgﬁtng{atcatgl ﬁ%tt?gnot her enbodi nent, the feed-stream

contain w%to 50 vvt%rmnorrer
concentration based on the total weight of nononer,

di | taly system [00198] . Cat a) yst .

ef[f)bjfg%lncy %B’éajﬁﬁ &t Ceé\ﬁk’s&’ééﬁidd)on ?r{"’hse a\cgac%”orth? sreactor 1s
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.

[00199] 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



mai nt ai ned between 10, 000 pounds of pol yner per pound
of catal yst and 300 pounds of polyner per pound of
W@ 210al058886 and desirably in the range of 4000 POUOX08640916
pol ymer per pound of catalyst to 1000 pounds of
pol ynmer per pound of catal yst by controlling the
nmolar ratio of Lewis acid to initiator. [00199] In one
enbodi ment, the polynerization of cationically
REbpERHaA 3D © SPMAFBI Bud SMfableast E@%eyé'ﬁ%[é F&lhRNp@Ymerization
i sobutyl ene and isoprene to formbutyl rubber
cemtions esllwewcactr typiegly. usisrliquid gthydenst tor dtaaw ithegheat of the

u L pel | er..capabl e of ., up- punpi or..,down- punpi.n
s RHER S ST i, FoRHBEITEIRY Uy Ty R RRAURT gees
a cehfaitr flew ot Qlurdl tdiludntRaBLIsARY Se@NRRT a@fsactbl€monomers
reactor typically Is equi g(ged W t r‘Fgar allel verti cal

riaeesh ohe trapaionwiubps.n A feetriesam ebrivai gstingically) wiotymerizable

; nt ar. jhcl ydi ng. t .
ShBiiRy R g huh BRI TS s8R RG s Eged o
tthameadfbr! the Foed-sticanScontditiag Cexp alned.0003 argefsatbe producing
vol une pol ynerization reactions, The reactor

t hisaccomppunds and itypicallydigsyafcreametys moaomere Thesatalyst spdem

I . C . . .
R e IR e R Bl B ot i Ynd an
dinitiaentpresentt ialaymsélasyasit efframd). dhtoeHEh.e Withim drweeactor, the feed-
t hr ougt}_ t he reaction g,ubes. eed- stream of t

A f he
AR |a§}i|1;€P1ia SHFVSCIH A, yv(eg)to (SRt Gre another, the

i@%foﬁ”ﬁu@@@mﬁiﬁ% RUENHS E) pd1finé: gﬁ&@%s di'ulty‘lexﬂbbér?, wherein the
charged into the reactor, the feed-stream containing
| s0dids iththe sburgOs aorcerdtragian iof firopr 3dwel%hdo 58ivbl%a Finally, the

C und nd typically. free of gro | C_.MNONELS.
TRA R pol sy et bty rbbeohis ABREET it it The TP throved
tfieoiet ot yotfloSyhiewhiiavinigtafedusi Blodghd tiRNdedBtream charging
initiator present in a nolar ratig of from0.50 to

19. oconfippe nthufe GoBsiEERe tthie FeB@VOYS r WD NebERFHEZATON.
a N .

ARG, BB AR MR SR e of s,
poty berultimaely sduding yhe ambinerof,polynesreicouimbiatios @hi s reactor
the, slurry has a concentratiop of from20 vol%to 50 ..
BT, bR S SHHEess seelFOPHUE OIeRRD: pad o ety tine
F RGort, 85 REAGVEICh ! Refiid int BRistBget of "juipeugh  an

outlet or outflow I'i'ne while sinultaneously allow ng
the feed-streamcharging to continue, thus

Cﬁﬂiéd]t ut| S otn%eem %H{I}mnnl{,qﬁes ress{ﬂ%larnrt \ﬁogf(r)rlle)f rﬁ%% (Z)r?et ér%gddiment of

the invention is a polyisobutylene/isoprene polymer (butyl rubber) that has a

molecular weight distribution of from about 2 to 5, and an unsaturation of from
0.5 to 2.5 mole per 100 mole of monomer. This product may be subjected to

subsequent halogenation to afford a halogenated butyl rubber.

[00201} 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



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

w0 e@y/o58386 t he anmount of pol yner accumul ati on oPCT/082003/040916
reactor walls, heat transfer surfaces, agitators
and/or inpeller(s), and in thhe outflow line or exit
port, as neasured by pressure inconsistencies or
"junps." 1002001 I n one enbodi nment, the resultant

pol yrer frorth@n?;r@ﬁhwli PENta Ofdilubdte bmgﬁgih%n d® @or more
pol yi sobut yl ene/i soprene polérrer (butyl” rubber) that

has a nol edWrenflugedegrbons(BEEEhut i on of from about 2
to 5, 4and a [ fr,o . 0.2.5 nmole per
100 moPo of B AkstS Ui lheling i Preli? th° it BebeBE 1 0

subsequent Hahoghmes HFC @a@g{;@gﬂ tlee theal ‘g@laﬁﬁtcﬁ‘(’dhé)&ﬁdéht;
rubber, [00201) In another enmbodi ment this invention )
rel ateS- t o: 2181‘3 DROGS8Y GiRaragraph Arprdd.gvissen dhmiIF Chan g dielectric

contacting TREG,. One or nore Lew s
noi de. and onDnstatit o2 B mSCTBIS, N0 Y (04 058836

PCT/ USR003/ (A8 3it6ecesy 6f ayeofppasaaptes Af Bardl, | wigstéin t;le polymer
conprising one qr, nore h of Luorocarbons (HFC s): B.
The pr ocess%ﬁ?aaﬂwﬂ’é%ﬁuégﬁ Pesithan h&t vl uent

conpriges 11 prbBQs Vs afe of GRS &d HPen 4D i
vol une of the d?rl uers1t; C. _%h(g f)a%)%ess ’o?pPér a{gr ébﬁ}eiém the
or B, wher eidilueniduttg chmprisesdi leldesiartion; const ant o; 21
or norg at -85C. D. The pracess o ny, of, par agraphs .
A B ok G WRERIpSEst RE i eaRerihs A BRiet Haolieein the
upt ake of | egifiafoharsefecdd Hom khe gﬂ@ﬁ%) RbAGGET G hyddeeRhalides,
paragraphs A, B, C_or D, wherein the diluent further

conpri ses aahﬂ]?dif_’@@’élrcbéﬁfls, Fwatpheteptiasy ealkylobalidey, @hd mixtures
par agr aphs Ahere & D or E wherein the initiator is
sel ected fromthe group consisting of hydrogen

hal i deG, aTharmbaeyd oftarycofdsraga@iterA, B.6CDAFE Yordl kifherein the

hal i des, and m xtures thereof, G The process of any

of par agr apfRONRMEES ar@:’se]g’:te@’frog} thﬂ’ SroR FISisting 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;

L 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;



nononers are selected fromthe group consisting of
styrene, para- nethyl styrene, al pha-nethylstyrene,
walewisngdsbenzene, dii sopropenyl benzene, i sobutBECENE003/040916
2-met hyl -1 -butene, 3-nethyl-1- butene,
2- et hyl - 2- pent ene, isopreneg; butadi enes,
2,3-dinethyl- 1, 3-butadi ene, 13-pinene, nyrcene,
6, 6-di et hyl -ful vene, hexadi enes, cycl opent adi ene,
nmet hyt cycl t [
thor™ ot iyl eah v Sy B R, B DY i AL o) or K,
m Xt ur es t hvereegih thédenfeeatmeds bstsvesh -H0H Codndp#OQy pqafesably
A B, 'C, D &,. , or G where styrenic block
copolyners'§ éjpresent in the contacting step; 1. The
pr ocesg of mypreéespafwmagﬁ\aplﬁA@,cPD ;E;, FFG ﬁ 101' orL,
H, wherein the tenperature is 0C or
process anwmelpathagwfwm; campsesGin mltqur Ereg@r thﬁnhéﬂ ppm
|, wherein erat ur thin 10C above the
et RGO fefn ind

freezing pol K. The process of any
of paNagr apfif ppoduBt pfoduéd By, anly, of @arddraphs AQB, &, D, E, F, G, H,

wherein the slurry Is substantially absent of water’
WO 2004/ 058886, hcPr M52003/ 040916 71 L. The process of
any of paragraphs A, B, C, DL E, F, G H I, J or K
wherein the tenperature i s between -105C and -60C,
ANDES ERIAL ABITGCATIONS process 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

V[’ﬂllﬁfz (bas eﬁe“ﬁ&?m\éﬁ' Qf‘tﬂ)w 1Mt15h é)?gﬁdgr&gﬁ‘féal pe[n‘&dﬂﬁsﬁgcal
any of paragraphs A,
Lcha@ctemtlds I@tySfrﬂleAhemmﬁghlﬁAidm Wide %ﬁq:tyﬁfappbckayxms sThe
%Wt Heegréemé?ntelrr?xgaboﬂt?/v od egagelgeggcggnts af%r tﬁe )iargeﬁ uses of these
polymers, namely inner tubes and tire innerliners. These same properties are also
of importance in air cushions, pneumatic springs, air bellows, accumulator bags,
and pharmaceutical closures. The thermal stability of the polymers of the
invention make them ideal for rubber tire-curing bladders, high temperature

service hoses, and conveyor belts for hot material handling.

[00203] 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.

[00204] 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



characteristics that make them highly useful in wde
variety of applications. The |ow degree of
w@esoaesdssé ity to gases accounts for the | ar geseCUEER0D040916

these polyners, nanely inner tubes and tire
innerliners. These sanme propgrties are also of

i nportance in air cushions, pneumatic springs, air
bel | ows, accunul at or bags and pharmaceuti ca

%Ibf’a% ef"esm{];agg ta?ﬁ %*ijg iﬂc& yfogfhléﬁﬁaepfgh}{éﬂac'éstn%g éaﬂebe
inven |on na re-curi

hicestslisbed by afing &m@ﬁﬁwﬁ ef th%enstam énveos@s, and

conveyor belts for hot material handling. [00203] The
pol ynmers exhi bit hi gh danpi ng and have uni quely broad

' an
AQORISTS, ir SR B DO Blck By ENAGROR At [hermoplagic resins
ranbimeed far tosglamihgf b dhese cb@nmophdsc alH1gh+densn:y apdlyatindehe and
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qh @erdiR Appli@fiths, ﬂﬁ ihdthR o@rﬁ’&y\@fo'vﬁle%ga hig8RMelastic compound

conpounds. In sidewalls, the polymer characteristics
ithasais tprommbleonnﬂmnneﬁasttcamohim& eqwkmentt dhewolymexnf the

r.anc The i nvention al so. be.
SRS YR B i 3S 5st e r o PP R o il
ra@pp@tﬁ;ng hat exhi bit phase co-continuity yield
excel l ent sidewalls. Inprovements in wet, snow, and
ice skid resistances and in dry traction mnthout
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ggga“sﬁffon r ZFSHI sP Mﬁ%épsang t?% ﬁ’gtaﬁp;ﬂé‘;s%%é?anégéf%go Te ﬁsed as
pﬁhémemanmﬁki | ealanzaAnd ezladice @nnipbﬁﬂited ]Ihysy Use rugsd Iueeful as

ner s of the |ns ant inyention. Bl ends of .
t %%@PW%.I% RGRpe A SRR h%ff ReprebEber. Dn lincar
6% Bhsitd ol Jo ﬂﬁp@ﬁ% B9 @by LhERR GRIEPRYBESCh-

H gh- déhgﬁfyﬂﬁﬁﬁiét yl ene agﬁ g|so 5ctic pﬁﬂgpropycexga
dilmsofihey anpalsd wadklyvempldyed an Bbrmenty@eflispersants and in potting
pol.yi n certain applications, the instant
p?‘é‘fif!fﬁgécawa@% @@ng&a‘te& aFﬁ'ghl y el astic conpound that
is processable in thernoplastic nolding equi pnrent. The
polyners of the instant invention may al so be bl ended
P9 7ol yardihdedaingpphiesions be metynies @ iy ivention make them

[ {ons The I S |
: ng\?)e '?éoln ﬁa chc[v? Q%Qgé uétsge e?l PALS n?edlcali] ppﬁ%gltﬂ)rlllts such as
pharmaceutical stoppers, and the arts for palnt rollers.

[00208] The following examples reflect embodiments of the invention and

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

EXAMPLES

[00209] The polymerizations were performed glass reaction vessels,
equipped with a teflon turbine impeller on a glass stir shaft driven by an external
electrically driven stirrer. The size and design of the glass vessels is noted for
each set of examples. The head of the reactor included ports for the stir shaft,

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



adhesi ves, caul ks, seal ants, and gl azi ng conpounds.
They are also useful as plasticizers in rubber

WO oooabsssé ons wi th butyl, SBR, and natural rubker/US1003/040916
linear |ow density polyethyl ene (LLDPE) bl ends, they
i nduce cling to stretch-wraps filns. They are al so
wi dely enployed in lubricants as dispersants and in
potting and electrical cable filling materi al s.
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desired reaction tenperature, listed in the Table by
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| sogprene (Al drich) was dried over cal cium hydride and

dieéqre (used Riprpse (Aldrich), used as received, was condensed and used as a
liquid. Alkylaluminum dichlorides (Aldrich) were used as hydrocarbon solutions.
These solutions were either purchased or prepared from the neat alkylaluminum

dichloride.

[00210] The slurry copolymerizations were performed by dissolving
monomer and comonomer into the liquefied hydrofluorocarbon at polymerization
temperature and stirred at a pre-determined stirring speed between 800 to 1000
rpm. The use of a processor controlled electric stirring motor allowed control of
the stirring speed to within 5 rpm. The initiator/coinitiator solutions were
prepared either in the hydrofluorocarbon or, for convenience of small-scale
experiments, in a small volume of methyl chloride. The initiator/coinitiator

solutions were prepared by dissolving the initiator into the diluent (specified in



Argon. p-Methylstyrene (Al drich) was dried over
cal ci um hydride and distilled under vacuum TMPCL
W@ 2008/058380- 2, 4, 4, -tri net hyl pent ane) was pr eparBdI/U82903/040916
2,4,4-trinmethyl pentene-1 and a 2.0 nol/L solution of
HC1 in diethyl ether. The JMPCl was distilled before
use. The HC1(Al drich, 99% pure) stock sol ution was
prepared by dissolving a desirabl e amount of HCl gas
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prepared by disso the initiator into the dil uent
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each of the exanples) and adding, with mxing, a 1.0 M

solution of the alkylalum num halide. The
i[002114t or / Golyrheri andecidml oreigins waiereudegrmineddbat SEG. (Size

/
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exanpl es usi ngﬂthe 500 m gl ass reaction vessels. Wen
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Ve S MR reEReTTon 90 1o ahe B I 104 ppregioe

fz—‘xe&{HbYatBheB%%S don narrow molecular weight polyisobutylene standards

(American Polymer Standards) was used to calculate molecular weights and

distributions.

[00212] Polymer molecular weights can be determined on other SEC
instruments using different calibration and run protocols. The methodolgy of SEC
(also know as GPC or gel permeation chromatography) to characterize polymer
molecular weights has been reviewed in many publications. One such source is
the review provided by L.H. Tung in Polymer Yearbook, H.-G. Elias and R. A.
Pethrick, Eds., Harwood Academic Publishers, New York, 1984, pgs. 93-100,

herein incorporated by reference.



initiator/coinitiator solution identical in volunme and

concentrations to the first batch. The physical
whediawsssss of the rubber particles and the statRCDiS2003/040916

fouling was determned at the end of the addition of

each catal yst batch by stoppizig and renoving the stir

shaft and probing the particles with a chilled

spatula. Stirring was begun again and the reaction
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b}data Jelt c&un;@dl d’f a%eyp&ndﬂd&ﬁﬁb;ﬁ)@li Hz#4ndG0, (E]OI @Snﬁmhsﬁnts. All

Pet Har wood Acg c Publ i shers, New
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[ 00213] Conononer incorporation was determ ned by

1HOOMR] spediato mqeysmg\llwfas nesafumedremitls the Natdiro dﬂM@d Utility

at a f i el t r e cor r&@gﬁd:&@glg%&lgg%% ]g%}%free
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solutions of the polyners. Al chem cal shifts were

r dreadspingdandythpnesulting spectra were phased and baselme corrected. The
areas of the olefinic resonances were measured by peak deconvolution, rather than
manual integration, in order to optimize measurement accuracy. A peak profile of
85% Lorentzian and 15% Gaussian character was assumed for the calculation.

Linewidth, height, and position were varied to obtain the fit.

[00216] The isoprene triad resonances were assigned according to
information reported by C. Corno, A. Proni, A. Priola, and S. Cesca in
Macromolecules 1980, 13, 1092 and J. L. White, T. D. Shaffer, C. J. Ruff, and J.
P. Cross in Macromolecules 1995, 28, 3290, both herein incorporated by
reference. For each triad structure, a quaternary carbon and a tertiary carbon
resonance was observed. The BII (B = isobutylene, I = isoprene) olefin triad
fractions were calculated for each type of carbon, quaternary and tertiary. For

example, the BII value for tertiary carbons was calculated by dividing the average



[00214] Triad sequence distributions were obtained

from13C NMR spectronetry using a Varian Unity
wGepmensssaet er at a field strength of 125.7 MHzPCEHOS2083/040916

tenperature of 50C. Pol yner sanples were dissol ved

into CDC13 (containing 1.5%w./v. of chromum(I11)

acetyl acetonate as a relaxation agent) at a

concentration of 6 to 8 wt.% The free induction
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accuracy. A peak profile of 85% Lorentzian and 15%
Gaussi an character was assuned for the cal cul ation.
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the fit. [00216] "The 1soprene triad resonances were
asiddestionendthtimgl % sopiené dronetorased mép thetagolyneCis described
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Macr onol ecul es 1995, 28, 3290, both herein

i ncorporated by reference. For each triad structure,

a quaternary carbon apd a ridear arbon resonance

was observed. The BI Iﬁ'flfs éﬂ?‘s’é a-t%llAgne, | = isoprene)

ol ef i nwheteath isfthicaetpobmserwequencadistibati@dpirameeach type

of carbon, quaternary and tertiary. For exanple, the
BI1 val ue. f dr i ?ﬂ?od?ryraE‘aroédwf%todé‘P%ﬂﬁ?"egP fhyy copolymer,
di vi di ng thflp?/pg agg WO 2004/ 058836 PCT/ US2003/ 040916

I er]ti ar

76 of the B y carbon integral and the II1B
tertiary caFeeis thaBéhriadl fiagtiorhia tbeisopodymert | t he
tertiary integrals for BIB, Bll, IIB, and Il triads.
By definition, the BIl triad fraction nmust equal the

| [(d2u8] ad fmrast baw. fiON6R this! ehfidtRd fyiadd i8OS vBE €of m for

-copolymerization of isobutylene and isoprene in each diluent.

[00219] The data obtained by *C NMR spectrometry was fit by iterative
solution to the copolymer sequence distribution equation to obtain a best fit. The
best fit of this equation yields the sequence distribution parameter, m, for

copolymerization of isobutylene and isoprene in each diluent.

[00220] A variety of NMR methods have been used to characterize
comonomer incorporation and sequence distribution in copolymers. Many of
these methods may be applicable to the polymers of this invention. A general

reference which reviews the application of NMR spectrometry to the



cal cul ated for each carbon type, tertiary and

guaternary, these values were averaged and used for

w@e ovpasssson with the anmount of i soprene i ncor pPCHUSH03/040916
into the copolyner. A plot of the BlIl fraction
(expressed as a percentage o;7all i soprene centered
triads e.g. 100 x BlIl fraction) versus nol % i soprene

i ncorporated into the copol ymer was created and is
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copol yner sequence di stri bpti,Ofa equati on to obtain a
PO YT Sravenee, Tt Lkl equati on yiel ds the
sequence distribution paraneter, in, for
copolynerization of isphutylene and isoprene in eac

di | uend . T9"220] A var | e¥i§19oq Cemrersier hod¥have been | Mol%
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sequenc¢e distiribution | n copolyners. IMany of | these

mejhods ney ke appld capl ggho|t heyypol yer f thi
invention. A generJaL ef er ence Whi ch re%%sgv\s thzz4 1.2

appldi cation df Fspectsogelry g9 the 004/ 358836
PCT/ US2003/ 0 09¥gﬁ %7 haracterization o Apoﬂvngﬁs i|s 7

H. 3R Krigfelldordien Ppl yg@r | Yeaylgook) Hyg Ehias | 15
and R [A Petlhrick, Eds., Hal vvooé Acafleni ¢_Publ i Sher]s,

New York, 04984, cigs. PR49sgS)., herein|inggy porated Qy 5,
reference. ' )

5¢ -95 CH;CHF, 1.48 373 842 2.5 1.4
61 -95 CH;CF; 2.89 72.1 327 2.3 2.0

7° ] 95 CH,FCF; 1.48 37.3 384 2.5 1.7

8 -95 CHF,CHF, 0.82 41.0 142 23 23
9%° -95 CHF,CF; 0.39 29.3 106 2.8 2.6

10 -90 CH;Cl1 0.58 14.5 397 33 13

11 -95 Propane 2.37° 594 67 24 2.0
a: Except where noted polymerizations were run with 30 ml of diluent,

5.4 ml of isobutylene and 0.23 ml of isoprene (IP), initiator/coinitiator

solutions were prepared in 1.3 ml of methyl chloride using 1.6




[00221] Table 1 lists the results of polynerizations
conducted at -90 to -95 C in hydrofluorocarbons and
woreaohpsssadhl ori de (CH3Cl) (Exanple 10) and pr opBEEUS2003/040916
(Exanmpl e 11) for conparison. A 100 ml glass mni-resin
kettl e was used for these exgnples. TWMPCl
(2-chloro-2,4,4-trinethyl pentane) was used as an
initiator in these exanples. Table la Tenp. Yield

Conver shiefoldry oWWClEaiﬂnnl ﬁnﬁ&bh{&d st o(M)he&Xi{e so‘}ﬁudh
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0.49 2gthyl ial%urwnsclﬁoede @‘\Dﬁbuigdlsmzlaee sBMADG 397 3.3
1.3 1#6:%095 cﬁé&elo%nf‘gfcﬁﬁreﬁt 67 2.4 2.0 a: Except

wher e nerizZations were run with 30 m of
di | uent, 5.4 m of isobutylene and 0.23 m of

B (R 4 P b SRS o
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r‘rﬂ:tahyilésl flontedto tHe cinfamei Qfdh«é qu@) whd stifhingstopped. The particles

et ] & G P O RS ol gl Sipaested

dinegt Roab@dr! fniperara! PolyaRrizENCn B8R ichloRle ¢8sudbd MM Pbber
particles that adhered to both the reactor walls and the stirring shaft. The particles
were clearly rubbery when probed with a chilled spatula when tested near reaction
temperature. Polymerization in propane resulted in a two-phase liquid-liquid
reaction. The denser phase was clearly rich in polymer where as the lighter phase

was rich in propane.

Examples 12 - 14
100223} Results for polymerizations conducted at -50 to -55 °C are given in
Table 2. Examples 13 and 14 are comparative examples. A 100 ml glass mini-
resin kettle was used for these examples. TMPCl (2-chloro-2,4,4-

trimethylpentane) was used as an initiator in these examples.



e: reaction scaled to 10 ml of diluent [002221
Pol ynmeri zation in any of the hydrofl uorocarbons

WO e®ulosssss i N rubber particles that did not adPEr/ES1003/040916
the walls of the reactor or to the stirring shaft. The
particles floated to the sur%@ce of the Iiquid when
stirring stopped. The particles were hard as
evi denced by pressing on themwith a chilled spatula
when tested near reactio rature. Pol ymerization
in methyl chloride resultggﬂﬁg?fubber particles that
adhered to both the reactor walls and the stirring

_shaft rticles were clearly rubbery when probed
with a|chPPPed spatul 4 YiFldn F@E‘feéﬂo‘héaervea“ti on
Eempge at U©.  HolDinest 4'at(g)on | (WRrepanexnesu| hedm,nl Ror%

two-phase liguid-1iquid ction_ The denspr phase.
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s rich in priopane. Fxanplles 12 - 14 1002281 Results
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given in Tablle 2 Fxanples| 13 and 14 are cppparatjve

exgqpl es. .55 100psharet 859 2m ni - 3p@si n| kegt | el wasy used ;g
or these exanples. TMPCI (R-chloro-2, 4, 4-

trlnethylpentane) was used as an initiator in these

b
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and 0. 23 isoprene (IP), I1nitiator/col I at or
solutl@ﬁ@Omé¢e prepared in 1.3 m of methyl chloride

I v R B B e B B num
di chl ori de
[00224] The polymerization in difluoromethane gave rubber particles that
exhibited stiff-rubbery physical properties as evidenced by probing with a chilled
spatula at reaction temperature. Minor amounts of fouling were evident on the
reactor walls and stirring shaft. In comparison, the polymerization in methyl
chloride resulted in a viscous coating‘ of polymer on both the reactor walls and the
stirring shaft. Very little of the polymer was "suspended” in the diluent medium.
The propane based polymerization experiment did not look appreciably different
than the run at -95°C (Table 1, Example 11). Two phases were apparent in the
reactor. The denser phase was rich in polymer and the lighter phase rich in
propane. The polymer in the presence of the propane diluent was considerably

less viscous than the polymer formed in the methyl chloride run.

Examples 15 - 21

[00225] Table 3 lists the results of polymerizations conducted at -95 °C in

hydrofluorocarbon / methy! chloride blends. A 100 ml glass mini-resin kettle was



b: Two initiator/coinitiator batches added to the
reactor [00224] The pol ynerization in difluoronethane
w@aone/0s8sbber particles that exhibited stiff-redbes3n03/040916
physi cal properties as evidenced by probing with a
chilled spatula at reactiorotenperature. M nor
anounts of fouling were evident on the reactor walls
and stirring shaft. In conparison, the polynerization
I RedBdhtdse ekithples. dVIPES (-Eift6kol 14 8- tithB Y UsentO8) Wagul as an
pol ymer on both the reactor wal I's and the stirring
sihitfator ivéhege examples. of the pol yner was "suspended” in
the diluent nmedium The propane based pol yneri zation
experinment did not |ook appreciably different than
the run at -95C (Table 1, Tabdap!l e 11). Two phases were
apparent in the reactor. The denser phase was rich in
pol ymer and the lighter phase rich-in propane. The
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1. 61917| CHOCYTIGREECF 3085 15 18558| 6460 435 2855 |1.37 18 1.5
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H3C1/ CHIURESISHKTD 2. BR07D. 6.8879 2.70.0. 2| 179 | 27 | 22

a: Except where noted polymerizations were run with 30 ml of diluent, 5.4
ml of isobutylene and 0.23 ml of isoprene (IP), initiator/coinitiator
solutions were prepared in 2.6 ml of methyl chloride using 3.2 microliters
of TMPCl and 23.0 microliters of a 1.0 M hexane solution of
ethylaluminum dichloride (EADC)

b:  methylaluminum dichloride (MADC) used instead of ethylaluminum
dichloride (EADC)

Examples 22 - 25

[00226] Results for polymerizations conducted at -55 °C are given in Table
4. Two batches of initiator/coinitiator solutions were used for each example. A
100 ml glass mini-resin kettle was used for these examples. TMPCI (2-chloro-

2.4 4-trimethylpentane) was used as an initiator in these examples.



a: Except where noted polynerizations were run with 30
m of diluent, 5.4 m of isobutylene and 0.23 m of
WO 2@posssas (I P), initiator/coinitiator sol uti oPGI/WE2083/040916
prepared in 2.6 m of nmethyl chloride using 3.2
mcroliters of TMPCI and 23,0 mcroliters of a 1.0 M
hexane sol ution of ethylal um num dichloride (EADC) b:
nmet hyl al umi num di chl ori de (MADC) used instead of
et hyl al umi num di chl ori de ¢ fpDg) Exanples 22 - 25
[00226] Results for polynertzations conducted at -55 C
are given in Table 4. Two batches of
ipi-tiator/fcoinitigtor solutions were used for each

dxanpl el A 100 ni| gl asL‘% mi. ni |GeB¥srHoRiet Mve jwas used

fBxariese Bkl eg volhPeld @cliver®) | x 10° | MM, Mol 12
A4 4A-trinmethyl pent ane) was used as L nitiator

tihege e es,rCYP98A04/ 038836 RGH US2098/ 040016 8 23
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Example 26

[00227] A polymerization was conducted with methoxyaluminum
dichloride at -95°C. The initiator/coinitiator solution was prepared by dissolving
0.93 microliters of anhydrous methanol into 2.6 ml of liquid 1,1,1,2-
tetrafluoroethane at -35°C. To this solution was added 23 microliters of a 1.0
mol/L solution of ethylaluminum dichloride in pentane. This solution was stirred
for 10 minutes. A second solution was prepared in the same way. To each
solution, 3.2 microliters of 2-chloro-2,4,4-trimethylpentane was added with
stirring and cooled -95°C.  Both solutions were added dropwise to the

polymerization solution with a chilled pipette. . A 100 ml glass mini-resin kettle

was used for this example.



tetrafl uoroethane at -35C. To this solution was added

23 mcroliters of a 1.0 nol/L solution of

we@edwlosdsaei num di chl ori de i n pentane. This sol BCT/U005640916
stirred for 10 m nutes. A second solution was

prepared in the sane way. Togeach solution, 3.2
mcroliters of 2-chloro-2,4,4-trinmethyl pentane was

added with stirring and cool ed -95C. Both sol utions

wer e added dropwi se to theTaprlg/neri zati on sol ution

with a chilled pipette. . ATIOU M glass mni-resin

kettle was used for this exanple. W 2004/ 058836
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-95C conducted in an 8515 (V/V) blend of
1,1,1,2-tetrafl uoroet hane and 1, 1- difl uoroet hane.
Thixgmplgr27was made with 30 m of diluent, 5.4 nl of
i sobutylene, 0.26 m of isoprene and used a
initiator/coinitiator solution prepared in 2.6 m
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[00229] Table 7 lists the results of pol émsri zation

. tn 3z S
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TMPCL(2-chl oro-2, 4, 4-trinmet hyl pent ane) was

Table 6
‘ Conversion M,,
Example | Yield (g) |  (Wt. %) X10° | M,/M, | Mol% IP
27 0.28 7 772 2.8 1.8
Examples 28 - 31
[00229] Table 7 lists the results of polymerizations that were conducted at -

95°C in hydrofluorocarbons and a blend of a hydrofluorocarbon and methyl
chloride using p-methylstyrene (pMS) as a comonomer. A 100 ml glass mini-resin
kettle was used for these examples. TMPCl (2-chloro-2,4,4-trimethylpentane) was

used as an initiator in these examples.



used as an initiator in these exanples. W 2004/ 058836
PCT/ US2003/ 040916 83 Table 7a Conversion My Exanple
woedogesss3cield (g) (W X 1003 MVM Ml % pMS  B8I/US2003/040916
CH2FCF3 1.37 33 322 3.2 2.1 29 CH3Cl/ CH2FCF3 0.96 23
762 4.2 2.2 80/20 VN 30b FCF3 3.81 92 160 3.3 3.6

31lb,c CH2FCF3 1.18 28 278 3.2 1.8 a: Except where
not ed pol ynerizations were run with 30 m of diluent,
5.4 m" of isobutylene and .?i4 m of p-nethylstyrene,
initiator/coinitiator sol were prepared in 2.6
m of nmethyl chloride using 3.2 mcroliters of TMPC
and 23.0 microliters of a 1.0 M hexane sol ution of
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Q- 0 Mibgane ‘li‘ﬁ@) on ] ehhyl alupisnumygi h! PR phas

sed |ns‘f ead of nt "noted i n (a) above
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Pa) y merdBsaryCHyFAFy | a fthe gdiluents Tabl g, 7
gﬁl tt ed 8020 MM ber r%%(’?tl cl esgt hat di Zjéﬂ;]ot ad %re to 22

re
t 1IIs he ne or to thels ing shaft] Th
;éfﬁ, | es I%IFg ted|t %Ihe surfdce of ;Hgor qwg?whegn 56

féi‘n}%r uqf‘%%eghe par][epgc igt\i/egenﬁg: gs ev?gte%ged by 1.8

pressing on them WI th a chillTed spatula. Exanples 32
- 37 [002311 Table 8 lists the results of
pél ymeExeet ivdiste nofad pRbeerizatiRnscves ra withg3gmlpf diluent, 5.4

e S
t hr ee- naloiorsO®eraiprefaasiinr G otl @f nvalsy] whkndide msmg 3.2 microliters
of TMPCI and 23.0 microliters of a 1.0 M hexane solution of
ethylaluminum dichloride (EADC).
b: 32.0 microliters of a 1.0 M hexane solution of ethylaluminum dichloride
was used instead of the amount noted in (a) above.

c: 1.6 microliters of 2-chloro-2-methylpropane used in place of the TMPCI

used in (a).

[00230] Polymerization in any of the diluents of Table 7 resulted in rubber
particles that did not adhere to the walls of the reactor or to the stirring shaft. The
particles floated to the surface of the liquid when stirring stopped. When tested
near the reaction temperature, the particles were hard as evidenced by pressing on

them with a chilled spatula.
Examples 32 - 37

[00231] Table 8 lists the results of polymerizations that were conducted at -
95°C in hydrofluorocarbons and methyl chloride for comparison. Examples 36
and 37 are comparative examples. A three-neck 500 ml glass reactor was used for

these examples. Prior to each polymerization, 300 ml of monomer feed



these exanples. Prior to each polynerization, 300 ni
of nononer feed WO 2004/ 058836 PCT/ US2003/040916 84

w@eovasasseng 10 w % of nononers were charged i NeCT/UR®03/040916

chilled reactor. The initiator/coinitiator nolar
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set at 0.1 ww% EADC in McCl. The

initiator/coinitiator solution was added dropwi se to
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Pol ymeri zations were run with an isobutyl ene/isoprene

mﬂoﬁ?fefﬁ%aafﬂ%&. o of 95/5 [00232] The exanples in

Tabl e 8 denonstrate the production of high nolecul ar

wei ght butyl rubber using an EADC/HCL initiator system

in CHF2CF3 and CH3CHF2 di Mabkt8. The nol ecul ar wei ght

of the butyl polymers nmade in CHF2CF3 and CH3CHF2

were significantly higher than polynmers made in Med

aff —si-m TAr NDNONEIConYdi¥ioh S onwnder M mar
condi ti ons._The poIWs(pers M;v/l\/hg’_' af _t he Qut .
polr*%ﬁl!\l’ rrﬂla'&‘ei“'h otV eI FOFa X AN CHBAES Nl MOM’
NarT oyer ag%[ [ OSEr tOo_the post _probapte
pol yd¥sper ’icp 2.0%han [he’lgol yneP8 |medd in M@’
under__sSim | EXpETi ment al_condi t1 gNsS. _TINE [ SOPTEne
i ncor3}§ora %,qFCngF 94 213 489 2.3 P 3
34 CH;CHF, 55 414 813 2.0 1.3
35 CH;CHF, 100 197 558 2.8 1.8
36 CH;Cl 54 170 628 3.7 2.0
37 CH;C1 97 135 517 3.8 2.4
a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of
95/5
[00232] The examples in Table 8 demonstrate the production of high

molecular weight butyl rubber using an EADC/HCI initiator system in CHF,CF;
and CH;CHF, diluents. The molecular weight of the butyl polymers made in
CHF,CF; and CH3CHF, were significantly higher than polymers made in MeCl at
similar monomer conversion under similar conditions. The polydispersity
(Mw/Mn) of the butyl polymers made in both CHZFCF3 and CH3;CHF, was
narrower and closer to the most probable polydispersity of 2.0 than the polymers

made in MeCl under similar experimental conditions. The isoprene incorporation
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w@eioosss3e! urry particles made in bot h CH2FCF3PEItS2003/040916

CH3CHF2 appeared to be significantly |ess sticky

during handling than the polgner slurry particles nade

in MC under simlar conditions. Exanples 38-44

[00233] Table 9 lists the results of copol yrreri zations
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S«E%ﬁgﬁd j"t 1/3 and the concentration was set at 0.1
H M The initiator/coinitiator solution

was added dr OpWI se to the polynerization mxture and

the rate of addition is controlled in such as way so
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i niti tor tion

f
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86 Tabl e 9a "Conversion uen
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57 89 4 40 2CF3
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ghg&%'zﬁxtd%e 188180 8edetot. 4 The 4dtiHIBEIinRiAt? 'mofd Ati® 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.
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[00234] The examples in Table 9 demonstrate that using an EADC/HCI
initiator system in a CH,oFCF; diluent, the production of isobutylene-PMS
copolymers with comparable molecular weights to copolymers produced in a
MeCl diluent. Isobutylene/p-methylstyrene copolymers prepared in CH3;CHF,
exhibit much higher molecular weights. The pMS incorporation in the copolymer
is significantly higher in CH,FCF; than in MeCl using the same monomer feed
composition under similar reaction conditions. In addition, the polymer slurry
particles in CH,FCF5 appears to be significantly less sticky in CHyFCF; than in
MeCL

Examples 45-47
[00235] Table 10 lists the results of copolymerizations of isobutylene/p-

methylstyrene and isobutylene/isoprene that were conducted at -95°C in an 80/20
mixture (by volume) of CH,FCF; and CH;CHF,. A three-neck 500 m] glass



45a | soprene 87 309 676 2.2 46b pM5 76 449 1,048 2.3

47b pMs 100 349 1,166 3.3 a: Polynerizations were run
WOWaoh/058836 sobut yl ene/ i soprene nol ar feed rati oPOf/USBB3/610916

b: Pol ynerizations were run with an

i sobutyl ene/ p-net hyl styrene ggol ar feed ratio of 90/10

[ 002361 Table 10 dennnstrates t he production of high

nol ecul ar wei ght i sobutyl ene-i soprene copol yners and
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desired tenperature, which, | 0dentlfled in the
par agr aphs bel ow, by conbi 20 m of the liquid
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conononer to achieve a 3 nol % conononer feed.

Pol ynerilzati on. sol ptGomversiger p - mbnet.ical | Phstirfed at
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47° pMS 100 349 1,166 3.3

a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of
95/5
b: Polymerizations were run with an isobutylene/p-methylstyrene molar feed

ratio of 90/10

[00236] Table 10 demonstrates the production of high molecular weight
isobutylene-isoprene copolymers and isobutylene-pMS copolymers using an
EADC/HCI initiator system in a mixture of CH,FCF; and CH3;CHF; as the
polymerization diluent. The polymer slurry particles in the CHyFCF3/C3CHF;
- mixture demonstrate the same non-stickiness appearance as in a pure CHFCF; or

CH;CHF; diluent described above.



[00239] Table 11 lists the results of polynerizations

that were conducted at -95C either in nethyl chloride
W@ 2w4@58800par at i ve, exanpl es 48, 49, 50, 57, 5BCT/B6S2003/040916
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128 2.0 2.0 52 CH2FCF3 t-BuS 249 6.4 128 2.0 1.6 53

cropyertedito poksmeys 7.6 119 1.9 1.9 54 CH3CHF2 t-BuS
325 8.4 297 2.7 1.8

[00239] Table 11 lists the results of polymerizations that were conducted at
-95°C either in methyl chloride (as a comparative, examples 48, 49, 50, 57, 58, 59,
66, 67, and 68), 1,1,1,2-tetrafluoroethane or 1,1-difluoroethane. Isobutylene was
copolymerized with either p-t-butylstyrene (t-BuS) (0.36 ml per run), indene (Ind)
(0.23 ml per run) or B-pinene (BP) (0.31 ml per run) as indicated in Table 18. A
stock solution of ethylaluminum dichloride (EADC) and hydrogen chloride (HCI)
was prepared in methyl chloride by adding 0.320 ml of a 1.0 mol/L HC] solution
in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0 mol/L ethylaluminum dichloride
solution in hexane to 100 ml of methyl chloride. Polymerizations were run by
adding, dropwise, 1.5 ml of this stock EADC/HC] 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



55 CH3CHF2 t-BuS 433 11.2 217 2.6 2.3 56 CH3CHF2

t-BuS 333 8.6 303 2.7 1.8 57 CH3C1l Ind 375 9.9 68 2.2
W@ 204/0583¢CCH3CL I nd 179 4.7 117 1.7 1.3 59 CHIEIT/USZH03/040916

130 3.4 103 2.3 1.1 60 CH2FCF3 Ind 2279 60.8 131 2.2

2.3 61 CH2FCF3 Ind 1199 31.9Q 101 2.1 2.4 62 CH2FCF3

Ind 2299 61.3 116 2.2 2.0 63 CH3CHF2 Ind 323 14.0 141

2.3 1.8 64 CH3CHF2 Ind 243 9.1 138 2.3 1.8 65

CH3CHF2 526 6 2.3.1.9 6 4
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53 CH,FCF; | t-BuS 295 7.6 119 1.9 1.9
54 CH3;CHF, | t-BuS 325 8.4 297 2.7 1.8
55 CH3;CHF, | t-BuS 433 11.2 217 2.6 2.3
56 CH3;CHF, | t-BuS 333 8.6 303 2.7 1.8
57 CH;Cl 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 3.4 103 2.3 1.1
60 CH,FCF3 Ind 2279 60.8 131 22 23
61 CH,FCF; Ind 1199 31.9 101 2.1 2.4
62 CH,FCF; Ind 2299 61.3 116 2.2 2.0
63 CH;CHF, Ind 323 14.0 141 2.3 1.8
64 CH;CHF, Ind 243 9.1 138 2.3 1.8
65 CH;CHF, Ind 526 8.6 146 2.3 1.9
66 CH3Cl BP 402 10.5 20.7 1.0 8.3
67 CH3Cl BP 406 10.6 20.5 1.1 7.8




sol uti ons except for exanples 72, 73, 74, 81, 82, 83

and 87. In exanples 72, 73, 74, 81, 82, 83, and 87,
wQ@2®@4m05886d EADC/ HCl sol uti on was used. Pol ynmer PCHUSZINE 040916
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anpl e DiTuent " (ng) (WMt:9%9 x 10-3 MWM CoM

805403C1 t "[%léﬁ 1]27§§is ﬂﬁ 18sutS off pdlyrnedizSiond Ih4EWaEd condBufad at
1917 49.6 58.0 1.9 2.9 74 CH3Cl t-BuS 2758 71.4 60.4

250°Qeither i% rx@felzﬁ@hzbondea@sammpmt@es@é@pies47?4 B, 74681, 82,

66 39 71dq rcfraroshany & o Proonss; TROGblEY Twes
]ché m‘érlzgcpwgﬁe’é;fﬁgg tt‘ tgﬁbﬁe J(QBQSY 10.96 Inl6pet. thin) 80 indene
-BuS 440 1 81 CH3CA Ind 704

1&d @9239 ml, pen . 1n) gB méacatgd fthdl @hﬂs 197 1A3atogk 1sodutiony of
S FAghHAEE Gt ebal o AT Aot
2néhyl 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 moVL ethylaluminum dichloride solution
in hexane to 100 ml of methyl chloride. Polymerizations were run by adding,
dropwise, 1.5 ml of this stock EADC/HCI solution to the stirred monomer
solutions except for examples 72, 73, 74, 81, 82, 83 and 87. In examples 72, 73,
74, 81, 82, 83, and 87, 2.3 ml of EADC/HCI solution was used. Polymerizations
were terminated with the addition of 0.2 ml of methanol. 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.
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84 CH,FCF3 Ind 424 11.3 36.7 1.4 1.7
85 CH,FCF3 Ind 464 12.4 37.9 1.4 2.0
86 CH,FCF; Ind 496 13.2 40.8 1.5 1.9
87 CH;CHF, Ind 328 8.7 40.8 1.5 1.4
88 CH;CHF; Ind 338 9.0 42.9 1.5 1.3
[00241] 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




nolfo Exanple CoM (ng) (wt.%) X-10 MMM CoM 89 IP

1147 31.1 453 2.0 1.9 90 IP 2061 55.9 628 1.8 2.0 91
WO R02888364. 6 276 2.0 2.2 92 pMs 654 17. 3 782PGI/4SDNB040916

93 pMs 722 19.1 624 3.0 2.8 94 pMs 795 21.0 665 3.0

2.7 95 t-BuS 411 10.6 304 2,0 1.6 96 t-BuS 389 9.8

252 2.1 1.9 97 t-BuS 445 1105 241 2.1 1.9 WO

2004/ 058836 PCT/ US2003/040916 93 98 Ind 166 4.4 283

2 . 99.1nd 405 4£ 207 2.3 1.4 100 | 208 5.5
i M) ofgrree (348 58 e pmeiisisrger (G A pgyem as
1thdteafdd ift Thbrt 2. 4A sthEid sdldRor 8PethPlathnfiGul dlelﬂo&eg(fmﬂ) and
| P/ pM5 331 8.9 632 1.8 0.49/1.7 " 105 IP/EI\/B 423 11.3
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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

A . i °| Yield |- Conv. My . mol%

i?;ianiple CoM E (mg) | (Wt.%) | x103 My/M, CoM (
‘89 IP M 1147 | 31.1 453 2.0 . 1.9
90 P 2061 55.9 628 1.8 2.0
91 Ip 2382 64.6 276 2.0 2.2
92 pMS 654 17.3 782 34 2.8
93 pMS 722 19.1 624 3.0 2.8
94 pMS 795 21.0 665 3.0 2.7
95 t-BuS 411 10.6 304 2.0 1.6
96 t-BuS 389 9.8 252 2.1 1.9
97 t-BuS 445 11.5 241 2.1 1.9
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butadiene (0.15 ml per run) that were conducted at -95°C in methyl chloride (as a
comparative, examples 107 and 108), 1,1,1,2-tetrafluoroethane, 1,1-difluoroethane
or a 20 wt.% blend (CH3CHF»/CH,FCF3) of 1,1-difluoroethane in 1,1,1,2-
tetrafluroethane. A stock solution of ethylaluminum dichloride (EADC) and
hydrogen chloride (HCI) was prepared in methyl chloride by adding 0.320 ml of a
1.0 mol/L. HCI solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0 mol/L
ethylaluminum dichloride solution in hexane to 100 ml of methyl chloride.
Polymerizations were run by the adding, dropwise, 1.5 ml of this stock
EADC/HCI solution to the stirred monomer solutions. Polymerizations were
terminated with the addition of 0.2 ml of methanol. Polymerization in any of the
hydrofluorocarbons resulted in rubber particles that did not adhere to the walls of
the reactor or to the stirring bar. The particles floated to the surface of the liquid
when stirring stopped. The particles were hard as evidenced by pressing on them
with a chilled spatula when tested near reaction temperature. Polymerization in
methyl chloride resulted in rubber particles that adhered to both the reactor walls
and the stirring shaft. The polymers listed in Table 14 exhibited molecular
weights that were higher than the exclusion limit of the SEC instrument used to

determine the molecular weights. The M,, of these polymers is above 1.5 x 10°
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Examples 118-141

[00243] The polymerization examples listed in Tables 15 and 16 were
obtained by running slurry copolymerizations in test tubes equipped with rare
earth magnetic stir bars. Monomer solutions were prepared in the test tubes at -
95°C for examples in Table 15 and -35°C for examples in Table 16. The solutions
were prepared by combining 20 ml of the chilled liquid diluent, 5 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.
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a 0.16 mol/L. HCI solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0
mol/L ethylaluminum dichloride solution in hexane to 100 ml of methyl chloride.
The final moVL concentrations of ethylaluminum dichloride and hydrogen
chloride in the stock solution is the same for both preparations. Polymerizations
were terminated with the addition of 0.2 ml of methanol. Polymerization in 3,3,3-
trifluoropropene resulted in rubber particles that did not adhere to the walls of the
reactor or to the stirring bar. The particles floated to the surface of the liquid when
stirring stopped. The particles were hard as evidenced by pressing on them with a
chilled spatula when tested near reaction temperature. Polymerization in methyl
chloride resulted in rubber particles that adhered to both the reactor walls and the
stirring shaft. Polymerization in 1,1-dichloroethane or 1,1-dichloroethene resulted
in solvent swollen polymer particles that adhered to the reactor walls and the

stirring bar.
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solution of the coinitiator/initiator pair. A stock solution of ethylaluminum
dichloride and hydrogen chloride (HCI) was prepared in methyl chloride by
adding 0.320 ml of a 1.0 mol/L HCI solution in 1,1,1,2-tetrafluoroethane and
0.960 ml of a 1.0 mol/L ethylaluminum dichloride solution in hexane to 100 ml of
methyl chloride. A separate stock solution. of ethylaluminum dichloride and
hydrogen chloride was used for Examples 134, 135 and 136. This solution was
prepared from the addition of 0.034 ml of a 0.93 mol/L HCI solution in 1,1,1,2-
tetrafluoroethane and 0.0960 ml of a 1.0 mol/L ethylaluminum dichloride solution

in hexane to 10 ml of methyl chloride. The final mol/LL concentrations of

ethylaluminum dichloride and hydrogen chloride in the stock solution are the



in solution. Polymer was recovered by renoving
weat hering off the solvent. Table 16 Cat. Soln. Yield

MV M, IP 127 CH3Cl1 4.0 1953 53.1 45 1.2 1.2 128
CH3Cl1 4.0 1678 45.6 54 1.3 183 129 CH3CLl 4.0 2339
63.6 51 1.2 1.4 130 CH3CC13 4.0 3068 83.2 48 2.2 0.9
131 CH3CC13 5.0 2993 81.2 59 2.2 1.0 132

20631 ohh P AERFERS b A0 H e ghek Siptator' ot Melnylatuminum
1 dRhibritle UMLADEN) 2 £ ectord-2180-drimsth§lp2Atate & TMECI) 19ds used for

aEgaDRigy 133 30t 133 Bha MADDSEMEG cobyier was rereessl o the
é%%dé%ﬁ%l"f“ S8 onietle 35 TG Gnd 000960 El PP o (1§ oot
2 nethyrBurhiin dghlotidle sCBGHER hﬁ‘xaﬁhe 1404 rﬁDoﬂnﬁgly%Z:Hloilgg The

[1&]@4@ A ge fepc? ggﬁgog A efiég a}et@?ygpenzatwn or each example is

cgg@amﬁl@@@.l ons of isobutylene isoprene that were
conducted at -95C CH2FCF3. The i sobutyl ene/i soprene
feed ratio was changed for each exanple. A three-neck

al as eacI oL was used for t e
olfbaaby O 25 Bal BB R oS S iatB with B SEHED SF i mt of
C @fdttahsl. Mhe 15b1yvh 86ikioATA OITRAFTORSBh88 rIE d, 11 e atlioethane
chilled reactor. The initiator/coinitiator molar

r aeveguhber negialesoihpieexhihited /stffambbery ehrwieal anenesissas avidenced

S% probing with a chilled spatula at reaction temperature. Minor amounts of
fouling were evident on the reactor walls and stirring bar. In comparison, the
polymerization in methyl chloride resulted in a viscous coating of polymer on
both the reactor walls and the stirring bar. Very little of the polymer was
"suspended" in the diluent medium. Polymerization in 1,2-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.

w@eow/058%86 Y0 Exanple Diluent (Ynl) (ng) (wt.9%QT/KSD0B040916

Table 16
Cat. R : : '
RTINS o S;)ln‘. ‘3Yield Conv. 1 My o mol%
Exsmple |~ Diluent | (mD) | (mg) | Wt.%) | x10° MuMa| TP
27 | cmal 40 | 1953 | 531 | 45 | 12 | 12
128 CH,CI 40 | 1678 | 456 | 54 | 13 | 13
129 CH,CI 40 | 2339 | 636 | 51 | 12 | 14
130 CH,CCl; 40 | 3068 | 832 | 48 | 22 | 09
131 CH;CCly 50 | 2903 | 812 | 59 | 22 | 10
132 1,2-difluorobenzene { 4.0 2033 55.1 35 1.6 1.5
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t he ot her based on HCl .

[00249] 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.
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Example 147

[00251) The dependence of molecular weight on conversion was
determined for isobutylene/isoprene copolymerizations run in methyl chloride and
CHoFCF3 at -95°C. This dependence was determined for two different
initiator/coinitiator systems; one based on TMPCI and the other based on HCI.
Both catalyst systems used EADC as the Lewis acid coinitiator. A three-neck 500
ml glass reactor was used for these examples. Prior to each polymerization, 300
ml of monomer feed containing 10 wi% of the monomers were charged into the
chilled reactor. A molar ratio of 95/5 isobutylene/isoprene was used for each

polymerization. The initiator/coinitiator molar ratio was controlled at 1/3 and the



m glass resin kettle was used for this exanple. Table

18 Conversion MV Exanple Diluent (W% x 10"3 MV M
WORI0INSHBBS % 1, 2 148 CH2FCF3 50 527 1.9 5.3 15PGNDUS2003/040916

2004/ 058836 PCT/ US2003/ 040916 101 Sol ubility of

Et hyl al um num Di chl ori de in jgydrofl uorocarbons and
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heating/cooling cycle. If after this first heat/cool

cyopdymetizations Bl §HsFCH:d not di ssolve, 0.5 ml of nethyl
chl oride was added. The heat/cool cycle was repeated.
Subsequent additions of 0.5 m of nmethyl chloride
wexempradesf ol | owi ng each heat/cool cycle until the
EADC was observed to dissolve or a 50/50 V/V bl end
was achi eved. The followi ng observations were nade

ey S R .
Clbmducttd aEAXCCH i NCHIRT ;1348 Motk S‘r@ﬂld\l kdfe97/8 hopssobutylene /

0.5mL nethyl chloride 9 Fine-scale flocculation
cyclopentadiéne was used for this polymerization at 10.8 wt% monomers in the

feed.  Cyclopentadiene was freshly cracked for this experiment.  The
initiator/coinitiator solution was prepared by dissolving 200 microliters of a 1.0
mol/L, solution of hydrogen chloride in CH,FCF3 into 50 ml of pre-chilled
CH,FCF3. 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 dropwiée 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%) x 103 M,/M, | Mol% CPD | % 1,2

148 CH,FCF; 50 527 |- 1.9 53 15




+ 0.5mL nethyl chloride 17 Fine-scale flocculation +
0.5mL nethyl chloride 23 C oudy suspension; slight

w0 b@e/0s8830. p.  + 0.5ml net hyl chloride 29 C ourlgT/US®N3/040916
smal | particles + 0.5m nethyl chloride 33 Less
cl oudy; no visible particlegyW 2004/ 058836
PCT/ US2003/ 040916 102 + 0.5m nethyl chloride 38
Still less cloudy + 0.5mL nethyl chloride 41 Nearly

e . j
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50 Clear [00254] In the tests in Table 19, the
HOBREA] ot o G040 3 Rt B! b fartomes
%g%eﬂ%éleggg%ﬁlninm 'dp:lhgrid@' (EArmONBhdeRs: (HE ?‘el%gl)med in the
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contents of the test tube. After the diluent reached its boiling point, the mixture

was cooled to -90°C by immersing the test tube into the cold bath. Reported
observations were made after the completed heating/cooling cycle. If after this
first heat/cool cycle, the catalyst did not dissolve, 0.5 ml of methyl chloride was
added. The heat/cool cycle was repeated. Subsequent additions of 0.5 ml of
methyl chloride were made following each heat/cool cycle until the EADC was
observed to dissolve or a 50/50 V/V blend was achieved. The following

observations were made and recorded.

1,1,1,2-Tetrafluoroethane (HFC-134a)

Table 19
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
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Difluoromethane (HFC-32)

Table 20
Preparation Volume % Methyl Observation
Chloride '

EADC + 5ml HFC-32 0 Insoluble ‘chips’
+ 0.5ml methyl chloride 9 Slight cloudy
+ 0.5ml methyl chloride 17 Some flocculation
+ 0.5ml methyl chloride 23 Clear

Fluoroform (HFC-23)
Table 21
Preparation Volume % Methyl Observation
Chloride

EADC + 5ml HFC-23 0 Insoluble “chips’
+ 0.5ml methyl chloride 9 Insoluble
+ 0.5ml methyl chloride 17 Insoluble
+ 0.5ml methy! chloride 23 Insoluble
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1,1-difluroethane (HFC-152a)

Table 23
Preparation Volume % - Observation
; Methyl Chloride ' '
EADC + 5ml HFC-152a 0 Soluble
[00255] The solubility tests performed in Table 24 were performed using

1.0 mol/LL stock hydrocarbon solutions of ethylaluminum dichloride (EADC)
prepared at room temperature from neat EADC and the hydrocarbon listed in the
table. Pentane refers to normal pentane. ULB hexanes refers to an ultra low

benzene grade of hexanes, an isomeric mixture, which contains less than 5 ppm
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Solubility of Alkoxyaluminum Dichlorides in 1,1,1,2-tetrafluoroethane (HFC-
134a)

[00256] 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
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Pol ynmeri zati ons were conducted by WO 2004/ 058836
weRONANSROO3/ 040916 106 stirring the nononmer sSPECTIURIING040916

at 800 rpm and adding the initiator/coinitiator

sol ution dropw se to nmaintaig# the tenperature bel ow

-92C. Copolyners were isolated by quenching the

pol ymeri zation with nethanol, collecting the polyner,

. . r ' .

Thterlide s, IaGuifhe [ redheihRREb] HIDERA Wil p otBUE, and

wasuallp eefenninieh the loasdBbof clondiatdso Thd ablatiofcagairebatheatean by

per cent age) .for Exanples 149, 150, and 151 i i‘t shown in

F‘?ﬁ{%‘?’ég e SofREonsoiop WA 3R Jofennsertue APee dbeliclaud; pript. orfhe

PShaBE 6f the %luﬁ?ﬁ %F&ﬁhqge Fl‘aﬁd Pgﬁﬁ Gras SESTRUERr Rl minutes

iterative fit of the copolynmer sequence distribution

euzpeasedly shaing aldoveniisg giewehition. Tl ghepbmahamgawnifdund to

t.he val.ue. of the dielectric constant of the diluent

At TCBRAUCIRIE | o 26 Exanpl e Diluent Yield wt.% Mol % 1P %

BIl ms at -95C 149 CH3Cl 58.9 2.55 4.99 1.4 18. 34

58.4 5.61 7.41 46.9 9.16 10.9 45.1 12.7 13.3 150

CH2FCF3 38.3 3.32 4.01 1.Xapk 2% 34.1 6.98 7.88 37.8

10.83 11.3 13.1 15.5 14.0 151 CH3CHF2 48.1 1.92 4.67

2.3 29.33 42.1 3.16 6.18 37.2 4.16 8.46 24.5 7.09

te-d 1508 8 odidl, [eacHoad ) edyondy,” 8k Choalcy,
FW (g/mol) 128.92 142.95 171.00 196.92
Wt.% solution
@ -40°C 0.09 0.10 0.12 0.14
Cloud point (°C) -85 -85 -85 w/solids -87

Examples 149-151

[00257] Copolymerizations of isobutylene and isoprene were conducted at -
95°C using different isobutylene/isoprene comonomer ratios. All
copolymerizations were run with 30 mi of diluent and 4.0 mi of isobutylene. Six
copolymerizations, varying in the amount of isoprene, were run in three different
diluents. The amounts of isoprene added to the monomer solutions to create six
different isoprene concentrations for each diluent were 0.11, 0.27, 0.41, 0.57,
0.89, and 1.27 ml. Copolymers for Example 149 were prepared in methyl
chloride Example 149 is a comparative example. Copolymers for Example 150
were prepared in 1,1,1,2-tetrafluoroethane. Copolymers for Example 151 were
prepared in 1,1-difluoroethane. The copolymer of Example 152 was prepared in
1,1-difluoromethane. Examples 150, 151 and 152 are Examples of the instant
invention.  Copolymers were prepared using initiator/coinitiator solutions
prepared in 8 ml of the respective diluent by adding 12.6 microliters of a 0.93
mol/L hydrogen chloride solution in CH,FCF; and 35.4 microliters of a 1.0 mol/L

ethylaluminum dichloride solution in hexane. Polymerizations were conducted by



[00258] All patents and patent applications, test
procedures (such as ASTM nethods), and ot her

walowuiessss cited herein are fully incorporat edP@lyUS2003/040916
reference to the extent such disclosure is not
i nconsistent with this invepgd on and for al
jurisdictions in which such I ncorporation is
permtted. [00259] When nunerical lower limts and
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the illustrative enbodi nents of the invention have
de@nteddvs@wnﬁedg viet polymenizagign avith yethanolicolleciag the polymer,

er st ood t hat varl dlfl ion ikl b
IR s AR £t SR TR VG iR0 She e were
| floreleinaht fr@ézfeh qmtnl Aapesd ivide fﬂe@ﬂ’dihh&!? SWhe i Bllaftection data
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neer b foh e sEHEMR Fei By BERGIGIE, P RRIchRed Rt ese

eheamasby ng ﬁd:rhtvteh 6it fofather@polyingp adequineb| distributidd gquation

which reside.in the pres i pvention,_ jnc¢luding all
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led in the art to which the invention
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Cainms: What is clained is: 1. A copolyner conprising

an isoolefin and a nultioleéinE t he copol yner having

a copol ynmer sequence di st n defined by:

F=m& (1+mA) 2 wherein mis the copol ymer sequence

di stribution parameter; A is the rml ar ratio of

mukti.ol £ffi t Sa b |t and, F | °
tukxamégéo‘I |]§eﬂr$ul ?* %F e&f'r{“? rmﬂ?’lygﬁ efin y%e?lnad r ecﬁﬁ&dgs C
iin TH® copolCyel; [whesgion ijn ix53rom gf.eat er1.thani18.34
1.5. 58.4 5.61 7.41
46.9 9.16 10.9
45.1 12.7 13.3
150 CH,FCF; 38.3 3.32 4.01 1.2 23.25
34.1 6.98 7.88
37.8 10.83 11.3
13.1 15.5 14.0
151 CH;CHF, 48.1 1.92 4.67 2.3 29.33
42.1 3.16 6.18
37.2 4.16 8.46
24.5 7.09 12.4
15.6 8.88 14.9
152 CH,F, 100 2.4 4.3 1.9 36.29
[00258] All patents and patent applications, test procedures (such as ASTM

methods), and other documents cited herein are fully incorporated by reference fo
the extent such disclosure is not inconsistent with this invention and for all

jurisdictions in which such incorporation is permitted.

[00259] When numerical lower limits and numerical upper limits are listed

herein, ranges from any lower limit to any upper limit are contemplated.



2. The copolynmer of claim1, wherein in is from

greater than 2.0. 3. The copolyner of claim]1,
wob@resss3é n is fromgreater than 2.5. 4. The POPUS2008040916

of claiml1, whereininis fromgreater than 3.5. 5.

The copol ymer of any of the;@receding clains, wherein

the nultiolefin is a conjugated diene, preferably

i soprene. 6. The copol ymer of any of the preceding

clainms, wherein the nultiolefin content is from

greater than 0.5 nmol % 7. The copol yner of any of the

dpe2ddi ng cWaileghe \ibhestrative tehdodivhdntolo€fthe invmribe rtave Sheen

fromgreater than. 1.0 , % 2004

SETOTRS ) PRrBOEity L ViR be PR e1si98 |t€a&erﬁn@fs ofhgr mapdifipgtions
RUBCRALRAr &l 3 qﬁd c%‘ %E %Jﬂﬂtyhﬁa&'@"‘ Ht elsefd ledQHr{Pg Bt Without
fromgreater than . The copo mer' of any o
tdepanting cledkinntje (ﬁpantrrmd ch ecpfnthe hmvmxidnl 0 lAe:bondmgm nit éatnot

i.s f t t 50 1% .1 A C
BispA At R i 1R St ArmsBaT bhe S el o g examples
havi dacBptiGRP: VIORh &28HEhRCratlicst thaDWld RS THeNEshsRYed as

F=m/ (1+mA) 2 wherein mis the copol yner sequence
¢ingempasamigonl fer fzaterasrof pﬂtﬂnéabﬂm sovelyl whichaeside of the present

SR e PRSP0 BB ol

Gbmlskm%ﬂ 1nvﬁe3ﬁﬁbﬂvh16h thesmfehﬁm péreaaer than 1.5 11,
The copol yner of claim10, wherein inis fromgreater

than 2.0. 12. The copol ynmer of claim 10, wherein mis
fromgreater than 2.5. 13. The copol yner of claim 10,
wherein in is fromgreater than 3.5. 14. The copol ymer
of any of clains 10-13, wherein the isoprene content
is fromgreater than 0.5 nol % 15. The copol yner of
any of clains 10-13, wherein the isoprene content is
fromgreater than 1.0 nol %



16. The copolyner of any of clainms 10-13, wherein the

i soprene content is fromgreater than 2.5 nol % WO
wWQoMIB3B836 PCT/ US2003/ 040916 110 17. The copoOl/ysmn3/040916

of any of clains 10-13, wherein the isoprene content

is fromgreater than 5.0 mgjjgo 18. A copol yner

conprising an isoolefin and a nultiolefin, the

copol ymer having a copol ymer sequence distribution

defi ned by: anﬁV(l+n¢02(ﬁﬂ§ﬁ$én mis the copol yner

sequence distribution paraneter; Ais the nolar ratio

of multiolefin to isoolefin in the copolyner; and F is

the isoolefin-nmultiolefin-nmultiolefin triad fraction

i R1aKE copol yner; wherein inis from1.10 to 1.25.

19. The copolyner of claim 18, wherein inis from1l.15

to 1.20. 20. The copolyner of claim18, wherein in is

f Wi k.clbmed ist. 25. 21. The copol ynmer of claim 18,

wherein in is about 1.20. 22. The copol ymer of any of

clainms 18-21, wherein the multiolefin is a conjugated

di ene, '

of c1 af By GBD b AARE R okl e pEROLHE e Ropo e

f r om ghzangea cofrdyme: Squaiceistbutibhdefogidiyymer of any

of clainms 18-22, wherein the nultiolefin content is

fromgreater than 1.0 nol % 25. The copol yner of any

of claims 18-22, wherera  he/ @ fiAgf efin content is

fromgreater than 2.5 nol % WO 2004/ 058836

PCT/ US2003/ 040916 111 26. The copol yner of any of

cl ai s -22 [ ei he nmul tjolef.in,content i fro

ar oat oMt s MO O P Al e Kol i a8 S antefe A W

I sobut yokieratlo (bfi saiodtd, td BeokARGhy RN cdpalinlg; and F is the

isoolefin-multiolefin-multiolefin triad fraction in the copolymer; wherein

m is from greater than 1.5.

2. The copolymer of claim 1, wherein m is from greater than 2.0.
3. The copolymer of claim 1, wherein m is from greater than 2.5.
4, The copolymer of claim 1, wherein m is from greater than 3.5.
5. The copolymer of any of the preceding claims, wherein the multiolefin is a

conjugated diene, preferably isoprene.

6. The copolymer of any of the preceding claims, wherein the multiolefin

content is from greater than 0.5 mol%.

7. The copolymer of any of the preceding claims, wherein the multiolefin

content is from greater than 1.0 mol%.



copol ymer sequence distribution defined by:

F=mA/ (1+mA) 2 wherein mis the copol ynmer sequence
waele@unsdsss i on paraneter; A is the nolar rati oP@Ff/US2003/040916

i soprene to isobutylene in the copolyner; and F is the

I sobutyl ene-i soprene-isoprengotriad fraction in the

copol yner; wherein m is from1.10 to 1.25. 28. The

copol ymer of claim 18, wherein mis from1.15 to 1.20.

29. Th ' : ¥=Y L .

o 1. pnE CHRIR ooy BF Bl TroGpinf BN MR hE Rt

about tomtént i8ffomTgrenterdhad ¥.Gemolef. any of clains 27-30,

wherein the isoprene content is fromgreater than 0.5

nmol % 32. The copol yner of any of clains 27-30,

erei j - ' : ; 0

B o 3 A Sp i oetime AP, PAGG A hAbided

wher ei pontpid i Goprasesserdbat 2Atmal%. from greater than 2.5

.mol % 34. The copol yner of any of clainms 27-30,

wherein the isoprene content is fromgreater than 5.0

Mm% WRopERAMD 5&%@1@5@?&/&9@9%3@9&@8&1@@,]tﬂ@cgp%lyrﬁer having a

copol ymer produced by the process conprising

cont ac €ondyraer sequsice flisribution dednedlyy | sobutyl ene, a

mul tiolefin, one or nore Lewis acid(s), one or nore

initiator(s), and a diluent conprising one or nore

hydr of | uor ocar bon('s) (F-E(i,s\)ﬁ(ltmmpgbpol ynmer having a

copol ymer sequence distribution defined by:

F=m (1+mA)2 wherein mis the copol yner sequence

di stri i ; ' . [ C Al

mul ] ol pen o Sho et bt RBLIGE vhlaflier; & is the

the i sobrahiio-afukepretetd dsobutyldnel iaf the dapohandrs and iFos the
IOP It Ee}sgglftg{gﬁgis_r()’ﬁymn?-gsro%{regg_tlrigd Ifrsac{icgr? g‘l glreec%tpgfyngelg? \thé[feiSn m

is from greater than 1.5.
11.  The copolymer of claim 10, wherein m is from greater than 2.0.
12. The copolymer of claim 10, wherein m is from greater than 2.5.
13. The copolymer of claim 10, whe;ein m is from greater than 3.5.

14, The copolymer of any of claims 10-13, wherein the isoprene content is

from greater than 0.5 mol%.

15.  The copolymer of any of claims 10-13, wherein the isoprene content is

from greater than 1.0 mol%.

16.  The copolymer of any of claims 10-13, wherein the isoprene content is

from greater than 2.5 mol%.



36. The copol yner of claim 10, wherein in is from

greater than 2.0. 37. The copol yner of claim 10,
wob@resss3en i s from greater than 2.5. 38. The POPUS200®040916

of claim 10, wherein in is fromgreater than 3.5. 39.

The copolyner of claim18, wherein inis from1.15 to

1.20. 40. The copolynmer of claim 18, wherein inis

from1.15 to 1.25. 41. The copol yrrer of cl ai m18

rei abo ner of
SLR" ot Epd PopolyrBetlt bt of a1 0. TE SufRR e Rdprie doufnlls
pfefefﬁbhlygrbﬁ&ﬂh&ﬂﬁ.Onﬁ%.The corJoI ymer of any of

clains 35-42, wherein the multiolefin content is from
greater than 0.5 nol % WD 2004/ 058836

1% rongpg gy hparsy {isod B SRER N TRNGRL (B0 Wby,

gr eat ehavih@n cdpo(Dyrﬁ«Eﬂ s‘é’queﬁEe dfﬁhmumﬁ dkfieibyef any of
clainms 35-42, wherein the nmultiolefin content is from
greater than 2.5 mol % 46. The copol ymer of any of
clainms 35-42, whereingh @Okl n cont ent is from
greater than 5.0 nol %li snﬁ.[“/‘he clcl)%lyrrer of any of
cl ainms 35-46, wherein one or nore
O 8 RO bt G e s is o
apd z afo@aﬁ;ﬁhﬁhqugu%fole@iﬁeto?{sggaﬁﬁ m4§ae J;BSB;%%?OEHW is the
of claim in X Is
copol ymeoleﬁﬁ-mulaolnﬁm Fmultidlefie itnadk ﬁlastldnr mnthe dopolgmer;5@herein
The co%‘oll ner xé CL?jjm 47, wherein x is from1l to 3.
51. Th éﬁrﬁgw fo ‘cl aim 35, wherein the one or nore
hydr of | uorocarbon(s) is independentl y sel ected from
the group conS|st|nF of fl uoronethane

o

di$1 uot bereanehraer of € md&wh@pﬁunesfrpmulo}%@tlh%e 1, 1

-di fl uoroet hane; 1,2- difluoroethane; 1,1,1
-trifluoroethane; 1,1,2-trifluoroethane; 1,1,1, 2-
t 20.r af Thocqeiymeref clhir,18, héretnrafis fromael Hane2s.
1,1,1, 2, 2-pent af | uor oet hane;

21.  The copolymer of claim 18, wherein m is about 1.20.

22. The copolymer of any of claims 18-21, wherein the multiolefin is a

conjugated diene, preferably isoprene.

23.  The copolymer of any of claims 18-22, wherein the multiolefin content is

from greater than 0.5 mol%.

24, The copolymer of any of claims 18-22, wherein the multiolefin content is

from greater than 1.0 mol%.

25.  The copolymer of any of claims 18-22, wherein the multiolefin content is

from greater than 2.5 mol%.



1-fl uoropropane; 2-fluoropropane; 1, 1
-di fl uor opropane; 1, 2- difl uoropropane;

wa 2@4dsd8Baior opr opane; 2, 2-di fl uoropropane; 1, 1PAF/US2003/040916
trifluoropropane; 1,1,2-trifl uoropropane;
1,1,3-trifluoropropane; 1,2,2- trifluoropropane;
1,2,3-trif|uoropropane; 1, 1 1, 2-tetrafl uoropropane;

1 1,3 -tetrafl uoropropane;

-tetrafl uoro - . . .
onOBBf YBFAR ga‘%lgfg"?%‘n’é 1% %Er F’fg’%‘% 5 rapyplgfin content is

,ﬁorh%wa@éﬂthk@f@@ ERPANE;

, 2- pent af | uor opr opane;

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

%%ﬁﬁ?‘l%ﬁ%%ﬁf?%é@é@bﬁ@%ﬁ%@d%ﬁﬁ% g Opier having a

fdopolyamt spfueace distlibltich dsfihed bgxaf | uor opr opane;
2,3,3 - hexafl uoropropane;

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

I

;

f

1
t
, 2,
1
1

il oy

=

uoropropane; 1g_1 2 ?hﬁA pt afI uor opr opane;
obut ane; 2- fl L}?oro ut gne 151? di fl uor obut ane;

i fl uorobut ane; 1 3-di f | uor obut ane;
: %gllrng%%sg co_Po n%lrfs:_eall?qrq%g i nﬁ‘il%ﬁ?e parameter; A is the
blaf 14408 %@%(ﬁﬁ‘&le iy 1s@>b1§’ytehé '1f1|tH9rc%BHltyﬁfé? ankh ¥ &~ the
robutane; 1,2,2-trifl udrobutane;

olnityleng-isopeaersopreng tdad fractianyisr G opelgmer; wherein m

EI‘I fl rggg? Egsobut z}\né 112 tl,et raf | uor obut ane;
t

raf |l uorobutane; 1,1, 2, 2-tetrafl uorobutane; 1,
t et rafl uor obut ane; 1 1 2,4-tetrafl uorobut ane;
, Bhe qapolyandr 96 elepn &nwherginmm 3s gomds 50 itk obut ane:
,4-tetrafl uorobutane; 1,2,2,3-tetrafl uorobutane;
,4-tetrafl uorobutane; 1,2,3,3- tetrafl uorobutane;
, Bhd @ipobfvherf olith d8ewhéteid, B iSfromtlr Bf foldzobut ane;
, 1, 1,2,2-pentafluorobutane; 1, 1, 1,2,3
- pent af | uorobut ane; 1,1, 1, 2,4- pentafl uorobutane; 1,
130.1, 31k ¢ @%Nn@érb‘f@faﬁﬁqga@%re& ik islabouf1.20.
pentafluor but ane; 1, , 4, 4-pent af | uor obut ane;
1,2, 2,3- pentafl uorobutane;

1,
1,1,2,2, 4- fl b
p%ﬁt af f%?%%&t@ ragy ég‘l%%g peht’: iﬁﬁf%ﬂ%mpé%e content is

1,1,3, ﬁorﬁ ré&éﬁtﬁéﬂ@lgfr&h% ane,
1,2, 2, pent af | uorobut ane; 1, 2, 2, 3, 4-

Sawe
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32.  The copolymer of any of claims 27-30, wherein the isoprene content is

from greater than 1.0 mol%.

33.  The copolymer of any of claims 27-30, wherein the isoprene content is

from greater than 2.5 mol%.

34.  The copolymer of any of claims 27-30, wherein the isoprene content is

from greater than 5.0 mol%.



pent af | uorobutane; 1, 1, 1,2,2,3 -hexafl uorobutane;
1,1,1, 2, 2, 4- hexafluorobutane; 1, 1, 1,2,3,3

WO bexasdssor obut ane, 1,1, 1, 2, 3, 4- hexaf | uor obut BEEUS3/040916
1, 1,2, 4, 4- hexafl uorobutane; 1,1,1, 3, 3, 4-
hexaf | uor obut ane; 1, 1, 1,3q424-hexafluorobutane;
1,1,1, 4, 4,4- hexafluorobutane; 1, 1,2,2,3,3
- hexaf | uorobutane; 1,1, 2, 2, 3, 4- hexafluorobutane

1 2, % fl
&har | Bor BELPERBoARLERY YR cchs iy Simanine an sootefn
1, 2, 2, Breferdbly hevbatyietRl @Hﬂﬁlﬁﬁl%ﬁn,lonel or Inofe LedisSacid(s), one or

- hept af | uorgbutane; 1,1,1, 2, 2, 4, 4- hept af | uor obut ane;
1, 1, WO  mtiatoRsht amdioRobdiliehs; SOMpiSiDg 3, @ied- or  more

he taf , fd uor obut ane;
1ot ST s aibabonch: | eyl dle CoSidiRbA ARBL 1 EBiymer
1, 3, 3, skgderve pisafibutionalefihedey: 1, 1, 1, 2, 2, 3, 3, 4-
ctafluorobutane; 1, 1, 1,2, 2, 3,4, 4-octafl uorobut ane;
,2,3,3,4, 4- octafluorobutane 1 1,
444octafluorqbutl@§/ 12,3,4,4,4 WO

058836 PCT/ US2003/ 040 6( 11 oct af | uor obut ane;
2,2,3,3,4,4- nonafluorobutane 1,1,1, 2, 2 3, 4 4, 4-

u
|

1-11 th
lu‘g : olgu}lﬁgﬁfﬂlﬁ P8 3151% sequence ycllgmg\et?gne parameter A is the

ibl4@ erno?'oEf%fﬂMbIéﬁﬁp@nﬁooléﬁn In tilie Jo?blfyhiéf"r MPF is the

hyl propane; 1,1, 3-trifl uoro-2-nethyl propane;
i lﬁPQl@ﬁl@rnQﬂthlﬁﬁ@r@IﬁM@ﬁw trjasl Bpetivon; inlthe Topolymer; wherein
e I I
r af d%ﬁro rgat%ﬁqtﬂgn 5“5 og f%q?on’l 1]1’0]tb% 2%
3 trlfluoro 2- (fluoronethyl)propane

é ? pent af | uor o- 2- net hyl propane; 1, 1,3,

"3t 1 T fopplymmer of Flasr devhsreingm spiEere: grepteriham2 )
-tetrafluoro-2-(fluoronethyl)propane;
fl uorocycl obut ane; 1, 1-difl uorocycl obut ane;
132- di Theumpolyyelr obutaan &0, Wheleindh {4 fkan @esstdrakeit Bne;
1,1,2-trifluorocycl obutane; 1,1, 3-
trifluorocyclobutane; 1,2,3 -trifluorocycl obutane;
1341, 2 l?he biyafck WPERRY ¢
£ 5 3 SRV PR IREN T i fog epeaer than 3.5
pentafluorocyclobutane 1, 1,2,3,3
Rent u}%e%%@S@ & of’g‘lﬁ B8, Wheteif nd is frowm 1.15 to 1.20.
1,1,2,2,3, 4- hexafluorocyclobutane; 1,1,2,3,3, 4-
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40.  The copolymer of claim 18, wherein m is from 1.15 to 1.25.
41.  The copolymer of claim 18, wherein m is about 1.20.

42.  The copolymer of claim 35, wherein the multiolefin is a conjugated diene

>

preferably isoprene.

43.  The copolymer of any of claims 35-42, wherein the multiolefin content is

from greater than 0.5 mol%.



hexaf | uor ocycl obut ane;
1,1, 2, 2,3, 3,4-heptafl uorocycl obutane; vinyl fluoride;
wa 4a598Baior oet hene; 1, 2-di fl uor oet hene; PCT/US2003/040916
1,1,2-trifluoroethene; 1- fluoropropene,
1, 1-di fl uoropr opene; 1, 2- d|f| or opr opene; 1, 3-
di fl uor opropene; 2, 3- dlfluor gropene;
3, 3 difluoropropene 1,1, 2- trlfluoropropene'

’r f | u %E(l?pg)&gﬂ o1 %ogclﬂrﬁ%ﬁ’: ffu%é g{stl?,eg%é &e o'leeﬁn con’te%{ is
, 3- ﬁﬁh{éryﬁégﬁglpp@qﬁ@m; fluoro- 1- butene 2-fluoro-|
e

ne; -fluoro- -butene; 4-fluoro- | -butene;
d|fluoro- 1 butene 1, 2-di fl uoro-1| - but ene;

%f@i L bSO ARRSIShy be LR B tefn gontentis
i f | uofiemlgrbattiaig 2.3.doldld.f | uor o- | - but ene;

d

4. 4-difluoro-1l-butene; 1,1,2- trifluoro-1-butene;
1, 3 trifluoro-I-butene; 1,1, 4- trifluoro | - but ene;
1

37 PR e DBt R kDS
4- fioidf dreercthin POtes1es. 2, 3, 3- trlfluoro | - but ene;

- trifluoro-1-butene; 2,4,4-trif|uoro-l-butene;
trifluoro-Il-butene; 3,4,4- trifluoro-1-butene;

trpé f E(ﬁﬁ?l é Rygt %ﬁﬁ of clalms 35-46, wherein one of more

t et uorol

4

3-
, hydreﬂu@‘btanbmmis)l is hapxesmx:ced by the formula CiHyF, wherein x is
3- {ﬂ?t r a}rl uo]re t ene;
f R ByEeger gy LiRet0 apdyy apdg %refrrtag%%%lq o fRfirene;

tetrafl uoro-| - butene

e

4

3-
,4-tetrafl uoro-I|-butene;
Ahe eqnokfheref glaim (Tt erhetemlx 3,3y 110004/ 058836

4
4-

4-

2

2

3,

r af

3

, 3

, 4

PCT/ US2003/ 040916 116 tetrafl uoro-I-butene;
4 4-tetrafluoro-1l-butene; 1,4,4,4-tetrafl uoro-| -
en

4,

ra

4

2

2

2

3,

af

3

3,

eTh@ cahoByrdertoftclaah 400 Bede bt sehen 1 to 6.
4-tetrafl uoro-1|-butene; 2, 4,4, 4-

fl uoro-1-butene; 3,3,4,4-tetrafl uoro-I-butene;
il ut,

| i’h 956{ ??Trﬂ#ﬁggrraomﬁ?buﬁ%mx is from 1 to 3.

, 3, 4- pent af | uor o-1 - but ene;

4.
tet
5

5

e

7.
tr
®.
9.e
tr
g
.2, 4 4-pent af | | -.bu
% %hﬁc%@?ﬁr%qqq% G[abmﬂsb ﬁ‘l@]ﬁg‘l the ORpe gr yoge hydrofluorocarbon(s)
isuﬁﬁ@pénd% fye E‘&ectéd Bt Ané gPSIY BEdsHBNG - AHSBARane;

, 3, 4- pent afl uoro-1 -butene
dlﬂmomﬁtla’ﬁlbumfbmr@netb@nee orakfiand; 4,1 4lifluoroethane; 1,2-

é I but e 4- pe
o AL ST e L S 1112
4, #irafle6éBidey 01,02 2-bitaBa6rocthade; 213, B2.4- pentaﬂuoroethane,

I-fluoropropane; 2-fluoropropane; 1, 1-difluoropropane; 1,2~

t

1,
4
3
3
1
1
1,
2,
2
3,
3,
1
1
n
2
2,
n
u
3,

1
2
3
4
1
1
1
t
1
1
1
1
b
2
3
1
1
1
1
P
1
1
P
3

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-tetratluoropropane; 1,1,2,2-tetrafluoropropane; 1,1,2,3-
tetrafluoropropane; 1,1,3,3-tetrafluoropropane; 1,2,2,3-tetrafluoropropane;
1,1,1,2,2-pentafluoropropane;  1,1,1,2,3-pentafluoropropane; 1,1,1,3,3-
pentafluoropropane; 1,1,2,2,3-pentafluoropropane; 1,1,2,3,3-



hexaf | uoro-I1-butene; 1, 1,2, 3,4, 4-hexafluoro- 1
-butene; 1,1, 2,4, 4,4- hexafluoro-I|-butene;

wa 200485836, 4- hexaf | uoro-1-butene; 1,2, 3, 4, 4, 4-PCT/US2003/040916
hexafl uoro- 1 -butene; 2,3, 3,4,4,4-hexafluoro- 1
-butene; 1,1,2,3,3,4,4- hept ﬁ%uoro- 1 -butene;
1,1, 2,3,4, 4 4 heptafluoro | -butene; 1,1,3,3,4,4,4-
hept af | uor o-1 - but ene;

1, 2,3, 1 uor t fl uoro- 2-

but ene3p glta#u J}g&%ﬁ ut en !LE% gp‘?’f%?‘@p?-pﬁﬁ%ene' 1,1,1,2,3,3-
1, 2- di fhexafloordplopiene; 111,3 3N, 3 bt Ror; Pdﬂaﬁéle 1 f 1,2,2,3,3-
1, 4-di f| uor.o- 2- but ene; di fluro-2 butene

f | udicatasl uBW&?P@He 11 A, 122 §=|353f'h¢13(§¢fb1020m@n8®n;31 ﬂuorobutane 2-

tri
i % g :ﬂgllid‘{) uor o> § ]bgltfﬁ&edbugfm% ij(ﬁ ﬁfl \?trsgﬁzbgtééﬁ@mbmane;

1, 1, 1. 2-difatoretfutaner o- 22kdifletiebutine; 1, 213- &ﬂuorobutane 1,1,1-
oro-2-butene; 1,1,1, 4- tetrafl uoro-2- but ehe

- |
1t (1et rzagtrlﬂlé?ﬁog\“tﬁ%r o-1oL. 3t fbpprobutane; o 4, ls%etriflioralotane2-  1,1,4-
but ene;trifludroButdnd; et rlaji WO rEm AL eney 2]3"-tr1]ﬂuordbu’tane' 1,3,3-

- pent af | uor o- 2- but
1, 1, 1, Zriflugrehutarid; ub,Qd%—ﬁl-ﬂmntcém&,ne 1, 1 1 2 tetraﬂuorobutane 1,1,1,3-

rlJent af I%Et(rﬂ’ﬂg‘e tbbliﬁngorci 121 %uttﬁt? ‘K’rmlﬁfl ul@]r 2 degfiuorebutane;

1,1, 2, 41,,142 3&@@5&{0&‘%&&62 but engy ﬂ-teﬁx%ﬂu%obutane 1,1,3,3-
1, 2, 3, 4- hexaf | uoro- 2-butene; 1,11

hexaf | GgfFasiuprabutanee: 111,34 4¢tBMotoHutanas | UGK, b4 2etpali@R6butane;

1,1, 1, af LL.uor o- 2- but

1,1, 2, éf 23 ‘J;a;ﬁa(\ eSTes bt eﬁge} 4tefraffuorobutang. 1,2,3,3-
hept af teteaflaozbbotahene;1,2 3 4-tetraﬂuorobutane 2,2,3,3-tetrafluorobutane;
1,1,1, 4 4, 4- heptafluoro -butene; and m'Xitures

t her eofl:1,53.2-pegin fluerobutaner  ofl.ll, %,Bmeﬁﬁ;ﬂumbu‘gnq It hé,1,1,2.4-
uor oca endent |y
ggﬁegied fron¥gﬁ%&%roup cgﬁgréﬁ%ﬁnmg?m?gﬁg?onethanél¥h34
VO 200@/31@53@3%@@5/ u320031 @410@4@emaﬂaorabﬁtbﬂeor onet hane, 7 3.
trifluorog -dj fl uor oet hane, 1-
trifl ug?lggﬁ a@tarf 1, 1 2- létzr?aﬁw%ﬁﬂ'&rﬁ@ﬁ@e ggd 1,1,2,3,3-
Th .
I R B I RE

wherein the diluenf conpri’sés _
HFC badedailjgsebutins; t ot al 1/@J2Lﬁli}paitaﬁlllteold1thnbent 541,2,2.3 4-

Ihe OBl o 9% RS e o
total tedafloerodiitahte di | uent 2,3,3-hexafluorobutane, 1,1,1,2,3,4-
hexafluorobutane; 1,1,1,2,4,4-hexafluorobutane; 1,1,1,3,3,4-
hexafluorobutane; 1,1,1,3,4,4-hexafluorobutane; 1,1,1,4,4,4-
hexafluorobutane; 1,1,2,2,3,3-hexafluorobutane; 1,1,2,2,3,4-
hexafluorobutane; 1,1,2,2,4,4-hexafluorobutane; 1,1,2,3,3,4-
hexafluorobutane; 1,1,2,3,4,4-hexafluorobutane; 1,2,2,3,3,4-

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



55. The copol ymer of claim 35, wherein the diluent
conprises from25 to 100 volunme % HFC based upon the
wWao oi0alos88aé ume of the diluent. 56. The copol ynePCD1S2003/040916

clai m 35, wherein the diluent further conprises a
hydrocarbon, a non-reactive gkefin, and/or an inert
gas. 57. The copol yner of claim56, wherein the
hydrocarbon is a hal ogenated hydrocarbon other than

an HFCoct@BuordhifareopPal M@[2,£§,49|-@£ﬂ§ﬁmbm&§;ei g, b,tl %3,4,4,4_
hal ogenat ed hydrocarbon i1$ nethyl chloridé. . TTe
copol ynenafluprobitanen 35, WHbroeo-3-méthylpropane; nor e 1)lediflsoro-2-

id ' represen hy the faornula MX4; rein M
iagl a( 2“8@11%913 > or illet;q ﬂ@g{%ﬁg}? ?yqﬁrgeﬁnei( i s\l\gil‘tfl%uoro"z'
hal ogemett§throgaie; copal ymifwro oLk Bropanbier ei Egtmuom-z-

one or nore Lewis acid(s) is represéented by t
f or nul luoremxeth)propdns ei b 1NL3-ttafloone-2methylmopans;  1,1,3,3-

met al ; R noval ent Cl2,hydr ocarban )
r adi ca}eﬁlgﬁgoeroéjﬁ%g%’?’@()p agg’l ect é’g’lﬁ’ qui%-rzﬁp%raﬁie{hy%propane,
consi s1,111g,8pemafladrsyd-methiiPropaaey | al Kyl , al kyl Rtdafluoro-2-

I,
and cyc| oal kyl radicals; W) 2004/ 058836
PCT/ Usdhormdthoimoranes  n ilsl, ha-tetrafbgea-2(Hueromethyl)propane;
and ea ' | 9ge poly f L 1A
35, wharorbey o, PRI Fhoycl ARy BRAT ARG Py fbRlle; 1.3
r epr eséifiierbchpglobiiene or mul a MiRAxiiRoroédelobitags; Wher ei n,1,3-

CL' to EABHFFBEURMExy 1 ack chb i AHEDBIAMERS,  sel etid?
Lo B 19100 MRS B, 11225
monov aprtivetocyclobandry dl.625 bpentnfiubroaiclatmiiependein 2 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
fluoride; 1,1-difluoroethene; 1,2-difluoroethene; 1,1,2-trifluoroethene; 1-
fluoropropene, 1,1-difluoropropene; 1,2-difluoropropene; | 1,3-
difluoropropene;  2,3-difluoropropene;  3,3-difluoropropene;  1,1,2-
trifluoropropene; 1,1,3-trifluoropropene; 1,2,3-trifluoropropene; 1,3,3-
trifluoropropene; 2,3,3-trifluoropropene; 3,3,3-trifluoropropene; 1-fluoro-
1-butene; 2-fluoro-1-butene; 3-fluoro-1-butene; 4-fluoro-1-butene; 1,1-
difluoro-1-butene;  1,2-difluoro-1-butene;  1,3-difluoropropene; 1,4-
difluoro-1-butene; 2,3-difluoro-1-butene; 2,4-difluoro-1-butene; 3,3-
difluoro-1-butene; 3,4-difluoro-1-butene; 4,4-difluoro-1-butene; 1,1,2-
trifluoro-1-butene; 1,1,3-trifluoro-1-butene; 1,1,4-trifluoro-1-butene; 1,2,3-
trifluoro-1-butene; 1,2,4-trifluoro-1-butene; 1,3,3-trifluoro-1-butene; 1,3,4-
trifluoro-1-butene; 1,4,4-trifluoro-1-butene; 2,3,3-trifluoro-1-butene; 2,3,4-
trifluoro-1-butene; 2,4,4-trifluoro-1-butene; 3,3,4-trifluoro-1-butene; 3,4.4-
trifluoro-1-butene; 4,4,4-trifluoro-1-butene; 1,1,2,3-tetrafluoro-1-butene;
1,1,2,4-tetrafluoro-1-butene; 1,1,3,3-tetrafluoro-1-butene; 1,1,3,4-
tetrafluoro-1-butene; 1,1,4,4-tetrafluoro-1-butene; 1,2,3,3-tetrafluoro-1-

butene; 1,2,3,4-tetrafluoro-1-butene; 1,2,4,4-tetrafluoro-1-butene; 1,3,3,4-



sel ected fromthe group consisting of an al kyl, aryl,
aryl al kyl, al kylaryl and cycloalkyl radicals; nis an

WO pioegsss3d rom 0 to 4, mis an integer from O tRCHEPS2003/040916
wherein the sumof n and mis not nore than 4; and
each X i's a hal ogen. 62. Thg,;gopol yner of claim 35,
wherein the one or nore Lewis acid(s) is represented
by the formul a M RC=00) nR nX4- (m+n) ; wherein Mis

G o, ol Ao 15 ST, ORGP

to ocar radr ca ly sé
from tlbl&elgel‘, (?J,ﬂ'.}3 aaatsafhiorm@rbofenaﬁ 23 %awia@mym- -butene; 2,4,4.4-

aryl ac al kyl acyl oxy, al kyl aryl acyl ox
r adi caetlea ‘é’&%ﬁ %‘tel}es a 3%1’1 &Fﬁlﬂé‘ﬁ’fo'é@u{e@eCl 4,4, 4 tetraftuoro-1-

hydrocgpbon ragdh gal ody Fh‘i‘ﬁﬁeﬁ F %ﬂ{ek% ¥ q f £Eh %En{aflg&]ot lhgutene

group consi sti iy ofY

al kyl at,y)2,4 @—pdntaﬂrwdrodl-lhyd:nel; aldl B;SLéSpemaﬂhﬁ)raﬂN-quérﬁg €lr1h3 ,4.,4-
fromO to 4; i,S anlnt fromQ to 4 erein the
sum of P§t aﬁr\’ﬂrqg;l‘bél 08  nor gl %’ﬁﬁ'npeﬁl taflugror i e j s la2.3.3.4-
hal Ogeﬁbntéfgo?@@%%§836 R,@Tf& Y3 %@Jﬁ%@@%%u’[eﬁég 63. 17:]' tl]gf 4
copol ynmer of claim 35, whéréin the one or nore

aci d( spentafluorceprbutsant ed 3y3,3.Ad-emtafinoso- MBN&;neMer @,314}%4-

5 2, R SRS b BLRIER: o0

aci d( sfexbfluorbePh@sgnt ed1hy> 3 he fbtbR- MsEendther it Ma 4.

is a Goup 13 netal ; and each X is a hal ogen.
hexatluoro-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-heptaﬂubro-1 -butene;  1-fluoro-2-
butene; 2-fluoro-2-butene; 1,1-difluoro-2-butene; 1,2-difluoro-2-butene;
1,3-difluoro-2-butene; 1,4-difluoro-2-butene; 2,3-difluro-2-butene; 1,1,1- -
trifluoro-2-butene; 1,1,2-trifluoro-2-butene; 1,1,3-trifluoro-2-butene; 1,1,4-
trifluoro-2-butene;  1,2,3-trifluoro-2-butene;  1,2,4-trifluoro-2-butene;
1,1,1,2-tetrafluoro-2-butene; 1,1,1,3-tetrafluoro-2-butene; 1,1,1,4-
tetrafluoro-2-butene; 1,1,2,3-tetrafluoro-2-butene; 1,1,2,4-tetrafluoro-2-
butene; 1,2,3.4-tetrafluoro-2-butene; 1,1,1,2,3-pentafluoro-2-butene;
1,1,1,2,4-pentafluoro-2-butene; 1,1,1,3,4-pentafluoro-2-butene; 1,1,1,4,4-
pentafluoro-2-butene; 1,1,2,3,4-pentafluoro-2-butene; 1,1,2,4.4-
pentafiuoro-2-butene; 1,1,1,2,3,4-hexafluoro-2-butene; 1,1,1,2,4,4-
hexafluoro-2-butene; 1,1,1,3,4,4-hexafluoro-2-butene; 1,1,1,4,4,4-
hexafluoro-2-butene; 1,1,2,3,4,4-hexafluoro-2-butene; 1,1,1,2,3,4,4-
heptafluoro-2-butene; 1,1,1,2,4,4 4-heptafluoro-2-butene; and mixtures
thereof.

52.  The copolymer of claim 35, wherein the one or more hydrofluorocarbon(s)

is independently selected from the group consisting of fluoromethane,



65. The copol yner of claim35, wherein the one or nore

Lewis acid(s) is represented by the fornmula MR X3-,,
wob@resss3dM i s a Goup 13 netal; each R is a noPOwEE®NI/040916

Cl to Cl12 hydrocarbon radical independently selected

fromthe group consisting of .an alkyl, aryl,

aryl al kyl, al kylaryl and cycloalkyl radicals; nis an

integer froml1l to 3; and each X is a hal ogen. 66. The

copol y m 35 re| he 0 Lew s

aci d(s;aﬁ{uogéyé%%%nt ter%f‘%) Orf’?lt A%y rrulri:l %\ﬂl‘i@)(’et ane,  LIL,1-
R mX3- {rifttiordpetharteet Qlan-Mtﬂaﬂu@ro@h@ﬁEp ad niRufds th&ash RO

is a nonovalent Cl1 to C30 hydrocar boxy radi cal

i ndependently selected fromthe group consisting of

agzal kgxy cg@cgl#nggfl c1BhY 3 250X ¥n the JBT‘}@PE c}é@r@és from 15 to 100

radi cal's; a nonoval e

hydr oc apare %aHH @ bhse mﬂ@pﬂr&d&tﬁl Mlumé of eftakhehtr oM t he
group consisting of an al kyl, aryl, arylal kyl,

al kylaryl and cycl oal kyl radicals; n is an integer

fegm Ohe c%olﬁ#&@o%mhpﬁfﬁ g?@r{er%ﬁ ng@ncg;h}eglg (g%méfl]sfeé ?xlgﬂm A0% 100

sum of n and is fromZ

hal ogemoluw® %004} b4:88 3porPHEAMIPANGHO 40 ludR0 67. The
copol ymer of claim 35, wherein the one or nore Lew s
acid(s) is represented by the fornula

M5 RC=OPhé %ﬁ@fﬁn@ﬂmalm WeleReiMitleSdifhed f&ﬂpr&%s BRE5 to 100

each RC=00'i s nmonoval ent hydr ocar bacy

i ndepefielane % HF&éb@@dsﬂort ﬂl@mtah@lgneuﬁthemhlaptandent |y
selected fromthe C2 to C30 group consisting of an

al kacyl oxy, aryl acyl oxy, arylal kyl acyl oxy,

ab&y| alTht aopblyxier rafdélgat S5, wherein the diluent further comprises a

hydrocarbon, a non-reactive olefin, and/or an inert gas.

57.  The copolymer of claim 56, wherein the hydrocarbon is a halogenated
hydrocarbon other than an HFC.

58.  The copolymer of claim 57, wherein the halogenated hydrocarbon is
methyl chloride.

59.  The copolymer of claim 35, wherein the one or more Lewis acid(s) is
represented by the formula MXjy;
wherein M is a Group 4, 5, or 14 metal; and ;

each X is a halogen.

60.  The copolymer of claim 35, wherein the one or more Lewis acid(s) is
represented by the formula MR Xy.,, .
wherein M is Group 4, 5, or 14 metal;
each R is a monovalent C; to Cj, hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;



each R is a nonovalent Cl to Cl2 hydrocarbon radical

i ndependently selected fromthe group consisting of
wa@eooaloksgse aryl, arylal kyl, al kylaryl and cycPOHUE2003/040916

radicals; nis an integer fromO to 3; mis a integer

fromO to 3, wherein the sum®f n and mis from1l to

3; and each X is a halogen. 68. The copol yner of

claim 35, wherein the one or nore Lewis acid(s) is

r epr esgiytdniRYerd fiein 006 AUl MXy; wherein Mis a G oup
15 nmetal; each X is a halogen; and y is 3, 4 or 5.

69. Theackdpisiaheiagens clai m 35, wherein the one or nore
Lewis acid(s) is represented by the formula MR'Xy_n;
wherein Mis a Goup 15 netal; each Ris a nonoval ent

(1.t o TH chpsiyraenob elairh 8%, Getlerdin dbp @ndestthyre BokieGcRils) is
fromthe grou(i consj st ng/lof an al kyl, aryl,

ar y| al epresenied by theyfprmylp @@h%axkydm)r adicals; nis an

i nteg ’ ' .or 5 wherein nis |less

t han sahérﬁlgl e%g}gmf??’?’ gtskg]ing%}a’n. 70. The copol yner of

cl ai m &bh Rdes @ motdvaleanh€; do Crorhydiceaitexpahdi¢s)indgpendently

represente the formula M\ROr, R, pXy-(mn); WO
2004/ oﬁgﬁﬁfg‘ 2 BEPHPORPS TS PI120 RERE: AYMSYs apylalkoxy,
G oup AibyiaRi&y ra8Rel; RO is a monovalent Cl to C30

hydr ocarboxXy radi cal i ndependently selected fromthe
group emhsR'stsi agnafovalentlCy oryCaahydrosarboraradiel kiostgpendently

al kyl aryl oxy.radicals; each .R is a ovgl ent C1 t

CL2 hy e SO Pharaln SfniBe tiant riVL D Staiksh, biytary
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

each X is a halogen.

62.  The copolymer of claim 35, wherein the one or more Lewis acid(s) is
represented by the formula M(RC=00),R'wX4-(m+n);
wherein M is Group 4, 5, or 14 metal;
each RC=00 is a monovalent C, to Cjzp hydrocarbacyl radical
independently selected from the group consisting of an alkacyloxy,
arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals;
each R' is a monovalent C; to Cy; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 0 to 4;
m is an integer from 0 to 4, wherein the sum of » and m is not more than 4;
and

each X is a halogen.



sel ected fromthe group consisting of an al kyl, aryl,

aryl al kyl, al kylaryl and cycloalkyl radicals; nis an
WO pioegsss3d rom 0 to 4; mis an integer from O POI/BS2093/040916

is 3, 4 or 5, wherein the sumof n and mis |ess than

y; and each Xis a halogenqlgl. The copol yner of

claim 35, wherein the one or nore Lewis acid(s) is

represented by the fornula MRCGOO "R mXy (,,,.");

rein, Mis.a Goup,15 tal; .each RC=00 i s . .
ﬁ%ﬁovaﬁl}é?\tm@y%r égGleﬁc‘gl?dﬂgB%&&per%dfneﬁﬂ ieW’S acid(s) is
I ndepengerbhted 69 iechadulhMOKEhe group consisting of an
al kacyl oxy, aryl acyl oxy, aryl al kyl acyl oxy,

al kyl aregayMoiry Gradp S aetal; ®&ch R is a nonoval ent Cl1

to C12_h carhon radi cal independently selected

from tﬁae‘%gggsuagha?%%%’r sting of an al kyl,.aryl,

aryl al kyl, al kylaryl and cycloalkyl radicals; nis an
integer fromO to 4; mis an integer fromO to 4; y )
i 843, Ahecopolyiyse 0k ichimndD, SHrRTen the 00§ on Merq bewist #ag(s) is
y; and ' .. 72. The copol ynmer of

claim geg,?é%\%\ﬂg%(g#’aheta%gﬂglgg&%?’ nore Lewis acid(s) is

I ndependlersid Y isel@otpd3 metul) 4dde gr oup consi sting of
titanigg%ggtr chloride, titaniumtetrabromde

vanadi tetYHENPH de, tin tetrachloride, zirconium
tetrachloride, titaniumbromde trichloride, titanium

di bromi de dichloride, vanadiumbromde trichloride,

t 6. chilbe icdpolymief lofigtdine3 S, belmrgint the aomieurn mprd Ehwisr adid(s) is

di benzyl titani,um._di chl ori.de,.,benzyl zi rconi um
trichl gﬂpfﬁsl%e@\%‘/ %@%@%@g}g"%/ US2003/ 040916 122
di benzyhgiehConis UGdupn ometid, nethyl titani um

trichloride, dinethyltitaniumdifluoride, dinmethyltin
di chl ofacheR Bhe nypmafﬁg:m &mto Ci2 hydrocarbon radical independently

selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 1 to 3; and

each X is a halogen.

66.  The copolymer of claim 35, wherein the one or more Lewis acid(s) is
represented by the formula M(RO)pR'nX3-(mn);
wherein M is a Group 13 metal;
each RO is a monovalent C; to Csp hydrocarboxy radical independently
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy,
alkylaryloxy radicals;
each R' is a monovalent C; to Cj; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 0 to 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.



trichloride, methoxytitaniumtrichloride,

n- butoxytitaniumtrichloride, di(isopropoxy)titanium
waele@hiossssele, phenoxytitani umtribrom de, PCT/US2003/040916

phenyl met hoxyzi rconiumtrifluoride, nethyl

met hoxytitani um di chl oride, ,,qrethyl nethoxytin

di chl oride, benzyl isopropoxyvanadi um dichlori de,

acet oxytitaniumtrichloride, benzoylzirconium

4 b f i d
Sopr oy Fonelvti” Q¥ I oy OEATLIS PR S abBie kv eidp
di chl aepedesntdiethiz e f&ﬁM@M(mengdm +Hhl ori de,

vanadi um oxytrichloride, alumnumtri chI ori de, boron
trifl uskereia Mdss Grewa 13 mpiahl ori de, indiumtrifluoride,

t hyl | h ' OF |
| oy R il o i A BT L 80051
di et hydehdctedi finermthd lgmiﬂpdﬁdepféhd@tlbz)sbhbteﬂl ff(himtb;dfl Cond @By group

et hyl al umi num sfes qui chl ori qe, met hyl al um num
sesqw‘@ﬁﬁlé‘fr“il%le of t 1 et AYPEY RN nuﬁfyla‘iyrl‘i”@‘bhyla@fl@}hi’lﬁﬁbﬂ?XY>

nmet hox&iﬁg% gr&ﬁ&ggl de, ethoxyal um num

di chl ori i -tert-butyl phenoxyal um num
di chl orackhl R’ isea moonpvalert By |tal Qi h}(ﬂiﬂ)@hﬂ)cm ratidcal independently

ot GBISHRIATTL AR B FFIHEL REmRy Aefingriai Lty

f1 uori g cycRarklPrdalaigmi num di chl ori de,
benzoyl oxyal um num di broni de, benzoyl oxygal I'i um

di f | uot isde, infegertfyom &deBoxyal uni num chl or| de,

noxat 1101 BESE RoHToIs > et ARy TR from 1 t03;and

pent afdadRIX e, habdgehmony chl oride pentafluoride,
arsenic trifluoride, bismuth trichloride arsenic
fluoride tetrachloride, tetraphenylantinony chloride,

tgd phe]gll}{ @c%}; nef[ﬁ@ryofj bf{éﬁh 05'5' Qferein the one or more Lewis acid(s) is

tetrac oxyan

di met hrapx;etemtexhb;othaafmmmy, di chl or onet hoxyar si ne,

chl or odj net i ne, _di fﬁ'uor onet hoxyar si ne,

acet at e H 6 %‘Fﬁﬁﬁﬁ? (benzoat o)

t et r achl-RKORAHaPRY, ar@Nd bi smuth acetate chlori de.

73. The copol ymer of claim 35, wherein the one or nore
Lewi s Ja6i3déorSis independently selected fromthe
group consisting of alum numtrichloride, alumnum
tribrom de, ethylalum numdichloride, ethylalum num

69.  The copolymer of claim 35, wherein the one or more Lewis acid(s) is
represented by the formula MR X, .
wherein M is a Group 15 metal;
each R is a monovalent C; to Cj; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 0 to 4;
y1is 3, 4 or 5, wherein n is less than y; and

each X is a halogen.

70.  The copolymer of claim 35, wherein the one or more Lewis acid(s) is

represented by the formula M(RO),R'mXy-(m+n);



WD 2004/ 058836 PCT/ US2003/ 040916 123 sesquichl ori de,

di et hyl al umi num chl ori de, nethyl al um num di chl ori de,
woredohpsssBainm num sesqui chl ori de, di et hyl al um nNRET/US2003/040916

chl oride, boron trifluoride, and titanium

tetrachloride. 74. The copol ymer of claim 35, wherein

the Lewis acid is not a conpound represented by

formul a MX3, V\,here Mis a group 13 netal, X is a

hal ogeq,herezéM rgggﬁ%}gnmgr of claim 35, wherein the

one or "ABre I nitiat éhprlse a hydrogen halide, a
car boxyidhCRaCisth n@n@*@dlémm| ﬂoCCﬁCh}er&f%kB 2 ra§1c§luinfd9159nﬁently
acid, an al cgohol, phenol , a P/rrerl c

terti ap§ledpdkyronk eﬂlff @@upaconseqtmgm v am raikagy) amdbxsd eqrykalkoxy,
terti agy(ygbléx%iy Lg{s, a tertiary aral kyl ester, a

tertiary a tertiary aral kyl ether, an

al kyl hza:lhl Hejs annanQMaldnald de, C;ahyadokrbadk whdibal m@@pe%enﬂy
an aryl %/fl?‘ﬁl d halide. 76.. The cop olgmar of claim

35, wh B! BiresorP fiBustingi ¢fi ant alkyb)aryls arylalkyl, alkylaryl
i ndepe fromthe group consisting of

HC l—IZQ%[e‘ESICII éﬁgﬁﬁéa?ég%) 3CC1, C6H5C( CH3) 2C1,

(2- chl pivarRintgdr fromrtetoldly| pent ane) and 2-

chl or o- 2- net 77. The copol yner of claim 35,
wher ei # It AR? rg%gég ?’H@F%‘hl nitiator(s) is i ndependent |y

sel ect pek 5, uasPst BdeiPHe sﬁlﬁrb?ln%ha%glsqésshﬂ .
chl oride, hydrogen brom de, hydrogen io de acetic
aci d, eachphiicilmlegend, butanoic acid: cinnanic acid,
benzoic acid, 1-chloroacetic acid, dichloroacetic
aci d, trichloroacetic acid, trifluoroacetic acid,

p71;h| OTﬂbeﬂﬁ&y@eﬁﬁf dlaif-35, |W&BQH@ Qiné AChHre EQ&?SYACld(s) is
chl oride, acet br om de, cinnanyl chloride, benzoyl

chl ori @@reswﬁéyr ekaWIQM(RtQW%]ané%M)yI chl ori de,
trifl u%ﬁ&%@%%ﬁ@r 1(5]15 ??{n g%fl uor obenzoyl chl ori de,
I

met hanesul foni ¢ aci ’l uor onet hanesul foni ¢ aci d,
trichl mhnﬁﬂ@&sml & ombgovalkind, Cp-tot Qhdueemiehibasylexy radical

acid, fon | ori de, methanesul fonyl

br om d’g“a (§F]8i¥|t€fl hgﬂ‘@s ther SFRAP CARSTLNge of "an alkacyloxy,
trifluggp ;3 esul f onyl
chlori dg oo %ghﬁ%lkﬂkfy% 'g}é%@ll%flérg%c#%f(y}%1%?%%%' 2-

each R' is a monovalent C:i to Cyp hydrocarbon radical 1ndependently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

# 1s an integer from 0 to 4;
m 1s an integer from 0 to 4;
¥1s 3, 4 or 5, wherein the sum of » and m is less than y; and

each X is a halogen.

72.  The copolymer of claim 35, wherein the one or more Lewis acid(s) is
independently selected from the group consisting of titanium tetrachloride,
titanium tetrabromide, vanadium tetrachloride, tin tetrachloride, zirconium
tetrachloride, titanium bromide trichloride, titanium dibromide dichloride,
vanadium bromide trichloride, tin chloride trifluoride, benzyltitanium

trichloride, dibenzyltitanium dichloride, benzylzirconium trichloride,



nmet hyl propan- 2-ol, cycl ohexanol, benzyl al cohol,
phenol , 2-net hyl phenol, WO 2004/ 058836

weRONANSREO3/ 040916 124 2, 6- di net hyl phenol , PCT/US2003/040916
p- chl or ophenol , p-fluorophenol, 2,3,4,5,6-
pent af | uor ophenol, and 2- hydko xynaphthalene. 78. The
copol ynmer of cIa|n135 mhereln the one or nore
initiator(s) is independently selected fromthe group

consi S&fbﬁxg%ﬁ)%rc%nﬁlm or o- (ﬁbr %det ri mtq%llﬁte n}u%{]e; trichloride,

2- brono tr nethylpen ang;, 2

met hyl gineigylgtanAmbr diflRoitdd e tditthyepaishloride, phenylvanadium
2-chloro-2,4,4,6,6- pentaneth Ihe t ane;

2- br omBichlosidg, enethprittaiwnh i en-butoxgHitapiugn | trichloride,
rlre:: Ely L?gﬁ%ﬁ;}ﬁ?@éﬁ%ﬁg}n ch ldgcrh?(ﬁﬂﬁnamp%@&xymamum tribromide,

bi s(1- p]hﬂrﬂtmetﬁemirb(yﬂlerhhmﬂ)lohéen Ziﬁéthyl n1|etho>ﬁyt|1t;1mgm dichloride,
5-tert- byt 1,3-bjs jor neth et hy enzene;

2- acet ’65‘?&‘3% Iﬂetho’ﬂft}‘héﬂhij:%n&@nt sry] QQH@H‘?’@W‘B@@‘M dichloride,
2,4, 4- Lok 1tb)ﬁhﬁﬁm anﬁrchl%nﬂget OX Ve frz dPRHIEh RIP PANEibromide,

2- benzoyloxy pr opane;

2- acet be«;zoyloﬂytaﬂtaﬁmﬁ} pmﬂuanéeb hylsdmppcmh@;ytlﬁ eiolrogile, methyl
2,4,4,

th
1- acet %‘%&P’%? ??@? A ﬂ??lﬁ 2 Bz bepzagloxyrrafium asbloride,
1- benz@éﬂa@iﬁh@ bQ&’th@ﬁGﬁ@é‘ ea:lurﬂmﬂﬁbﬂr&ﬁibrﬁ@ EbASY trifluoride, gallium

nethylegmf benzene;
5- t er t trishloyideindiup gifinordetedyyaluminswh dicktonde) methylaluminum

geln g gg ISB%&@E’Z )%yl% Wlﬁ%lﬂlg/ﬁﬂ{ g © nltsgbu%flgalhum dichloride,

2- met haieshyZalain %Mﬁedlrﬂethﬁlﬁﬁﬂﬂnﬁﬁm hloride, ethylaluminum
nethylpropane 2- met hoxy-2, 4, 4, 6, 6- gentanethylheptane

2-i sopFespwishloride,q metlsylgumimima niasayichiopdane  trimethylaluminum,
1-neth et ada

1- nethgﬁyltﬁﬁﬁgg%%eng%i%ﬁgﬁﬁﬁﬁgTﬁ -né%ﬁbg%i Iéﬁ;}&ﬁﬂ%ﬂmu]n
met hyl éichiplrife beri?z@detert—butylphenoxyalum1num dichloride, methoxy
5-tert-bytyl-1 bi s(,1-.met hoxy:- et hy
benzen’é‘e%‘nﬁ}m@n‘s ehlpdde,. gﬁ@ oF @ﬂlb%%)hwwhyxpythylalummum
benzenghiodde, iddiRo ﬁﬁ;@@ﬁlﬁ{ﬁﬁr d19f110ﬁh@' MeRsxy ‘M@l’iﬁinﬁuﬁﬁ' Rluoride,
one or nore initiator émgh urther ~ conprise d

weakl yamydlunanmmg a ridg0. Phezoybpyhlypmenumf cdibromide,

grsea¥me ér{%hgl.ﬁ’%g%??l ‘B’fh Séflg?n ' t {) é%}y@ﬁqr%{num chloride,

isopropoyloxyindium trichlonde antlmony hexachloride, antimony

hexafluoride, arsenic pentafluoride, antimony chloride pentafluoride,
arsenic trifluoride, bismuth trichloride arsenic fluoride tetrachloride,
tetraphenylantimony chloride, triphenylantimony dichloride,
tetrachloromethoxyantimony, dimethoxytrichloroantimony,
dichloromethoxyarsine, chlorodimethoxyarsine, difluoromethoxyarsine,
acetatotetrachloroantimony, (benzoato) tetrachloroantimony, and bismuth

acetate chloride.

73.  The copolymer of claim 35, wherein the one or more Lewis acid(s) is
independently selected from the group consisting of aluminum trichloride,

aluminum  tribromide, ethylaluminum dichloride, ethylaluminum



81. The copol yner of claim35, wherein the contacting
further conprises contacting one or nore nonomer(s)

w0 nabepssssent |y sel ected fromthe group WO 2004POB8B8863/040916
PCT/ US2003/ 040916 125 consisting of ol efins,
al pha-ol efins, disubstituted,plefins, isoolefins,
conj ugat ed di enes, non-conjugated di enes, styrenics,
substituted styrenics, and vinyl ethers. 82. The

copol .V§5§ uigﬁloﬁ é‘ﬂi ?ﬂe&lglahﬂﬁﬁ[lﬁl tho@%econt %I o fur&gl%onde

conprl se con one Or nore

i ndepemdmytaumnmame cdesghidhiondd, hehrgéthymunﬁﬁﬁxﬁl Schildie®f boron
styren par a- al K}/I styrene, para-nethyl styrene,

al pha- FdlRy e, agd jitaninen tefiaghlatifienzene,

di i sopropenyl benzene, isobutylene, 2-nethyl-I- butene,

3-net hyl -1 -but ene, 2-nethyl-2-pentene, isoprene,

bl adi Bieco|Buerdofhetiny BS,1wBerteirt ti Ieegas aBidpisnen e, compound
rcene, 6, 6-dingthyl-fu vene, hexadi ene,

2% op&htE éﬁfqﬁfﬂéﬁ%%w%éy‘@%%t%f@% 13 Biefabe ishbalogen.

nmet hyl  vinyl ether, ethyl vinyl ether, and isobutyl

vi nyl ether. 83. The copol yrmer of any of the precedi ng

cl%i nsThenpobinertof lato B61 yiherein the dmalom gena irdtatbr(s¥ ammprise

53, whBRATREThBTRE: BGBRarLl esihot SRBPOIE scid hefknarutfoni

W th ci@rdnngcéhiolbs %mm a PolymidiR k218! ¥ Tefiaryohik§l Rillle, a
83 or 84, wherein the hal ogen content is greater  than

0.5 WiSEsas @éﬁlb)ﬂohﬁlldheavtéﬂm anyltqs@r,han@g:enaa@dkyl ester, a

whor o s ARy S8 AR ol o Bl g ang batice,

Wt % bameddkylphhilive onangﬁﬂanailahhelah@é.ogenat ed _
copolyner. 87. The copol yner of any of the preceding
clains, wherein the copolynmer has a Mwv of from

g7al efnd la@;l?bl?xgexog@ o188 330 %/h%fb‘?&' {;1 r Afe Q}%’fa@(s) is

preceding clai ns, wherein the cop o yner
from gné@eademhaﬂwletﬁﬁ fﬂﬁ@thd/@oﬁﬁ@éﬂ@ﬁ&@&ﬁ' HCI, H,0, methanol,

PCT/ U%%QP? CQ?A}OQ(} ?—Isc 3)2Cl, (2-Chloro-2,4,4-trimethylpentane) and 2-

chloro-2-methylpropane.

71.  The copolymer of claim 35, wherein the one or more initiator(s) is
independently selected from the group consisting of hydrogen chloride,
hydrogen bromide, hydrogen iodide, acetic acid, propanoic acid, butanoic
acid; cinnamic acid, benzoic acid, 1-chloroacetic acid, dichloroacetic acid,
trichloroacetic acid, trifluoroacetic acid, p-chlorobenzoic acid, p-
fluorobenzoic acid, acetyl chloride, acetyl bromide, cinnamyl chloride,
benzoyl chloride, benzoyl bromide, trichloroacetylchloride,
trifluoroacetylchloride, p-fluorobenzoylchloride, methanesulfonic acid,
trifluoromethanesulfonic ~ acid, trichloromethanesulfonic  acid, p-
toluenesulfonic acid, methanesulfonyl chloride, methanesulfony! bromide,
trichloromethanesulfonyl chloride, trifluoromethanesulfonyl chloride, p-
toluenesulfonyl chloride, methanol, ethanol, propanol, 2-propanol, 2-

methylpropan-2-ol, cyclohexanol, benzyl alcohol, phenol, 2-methylphenol,



89. The copol yner of any of the preceding clains,

wherein the copolyner has a Mw of from greater than
wWoOB4088836 90. The copol ynmer of any of the preckrdi/ng003/040916

cl aims, wherein the copolymer has a Mwv of from

greater than 1,000,000. 91. ,Jhe copol yner of any of

the preceding clains, wherein the copolyner has a MAD

of fromgreater than 2. 92. The copol yner of any of

the pr | |78, W | CORC S 3
of 11 oo FtpORBhET"  ABSEMEIE COBRERCIR 2030
pr ecedpengafitosiphsnolydigr Bhydrotymapbihaleyerer has a Mooney
viscosity of at least 20 5 (M. I + 8 at 125C, ASTM D
1646). 94. The copol ymer of any of the preceding

ol om§epBYitel 8F ABRP SIS B 1GRTEY AR Rl s
1646) . infépendertilye nelectodpfromi Hg tgo@upe @pnii;thgr off 2-ahlpr®p 4 4-
t he precedi clainms agpd a secondar ubber

i ndepe‘ilr‘ﬂ%ﬁgwqge’%@eéct edE%F%ﬂ?'iﬁeﬁgﬂ%E%yiPSW%?%t i ng Zethlgre-2-
| east ur ab_ g j rene r vohgsro- .
pol y( SI?E?I gﬁ;é?%b%? bui2 a%rlis‘lgﬁgm? ﬁlg%%rﬁ%g’BR) , 2HCHiro-2,4,4.6,6
pol ybupentineeieylhesirer 1-BRMO-p614v6.byepremetrytieptane; 1-chloro-1-

but adi en rubber (1 BR),, styrene-isoprene-bhutadi ene
rubber &y IO e, | ChoflppRams RsBlroqiRARs 1 o
et hyl e}51§c1pd}@mlleﬂ1@ﬂ§1&g@) r Ukpgéne; ( EREM-buB®!1y3sbik{ILoro-1-
i sobut yl ene/ cycl opent adi ene cgfolyner r ubber,

i sobut cdixlethit} henzengc owsstorsd, bhdriveiolngrianc:r dhwaroyloxy-

nitrile,r yl en j de . 5 A
ot ar - bpAr R RAR bRy Fuf by 2 benzoyiony-2
st ar - bmathgliecbdaei y| 2-addoeny-2. b AE16-paitesiclbyihgptaneib B benzoyl-
chl ori nated butyl rﬁgber, st ar- branched

pol yi sohde8Peraamshyliertane - hraspored Bebrcthylhegzene;  1-

butyl Ad%gixya &aﬂegn%-ba%gpggetﬁﬂm AT ) 1T4BR Cacetoxy-1-
pol y(i sobutyl ene-co-p- nethyl styrene) and hal ogenate

pol y( i methyiefitydne- benzeneret Ny test-Hutph &P ;bidlDa2€04y-05888@ ethyl)
PCT/ US2003/ 040916 27 .

ol y (1 BOBEAS | en BEIREEAERETEAORUENG ! ot yHisnBpPoRy-2:44-

trimethylpentane; 2-methoxy-2-methylpropane; 2-benzyloxy-2-
methylpropane; 2-methoxy-2,4,4,6,6-pentamethylheptane; 2-isopropoxy-
2,4,4,6,6-pentamethylheptane;  1-methoxy-1-methylethylbenzene; 1-
methoxyadamantane;  1-methoxyethylbenzene;  1,4-bis(1-methoxy-1-
methylethyl)  benzene;  5-tert-butyl-1,3-bis(1-methoxy-1-methylethyl)
benzene, and 1,3,5-tris(1-chloro-1-methylethyl) benzene.

79.  The copolymer of claim 35, wherein the one or more initiator(s) further

comprise a weakly-coordinating anion.

80.  The copolymer of claim 35, wherein the one or more initiator(s) comprise

greater than 30 ppm water (based upon weight).

81.  The copolymer of claim 35, wherein the contacting further comprises

contacting one or more monomer(s) independently selected from the group



pol y(i sobutyl ene-co-i soprene-co-styrene), hal ogenated
pol y(i sobutyl ene- co-i soprene-co-styrene),
w@oeioypsssabut yl ene- co-i soprene-co-a- net hyl st yreeEYS2003/040916
hal ogenat ed pol y(i sobutyl ene-co-i soprene-co-a-
nmet hyl styrene), and nixturesn%hereof.

82.

83.

84.

85.

86.

87.

88.

consisting of olefins, alpha-olefins, disubstituted olefins, isoolefins,
conjugated dienes, non-conjugated dienes, styrenics, substituted styrenics,

and vinyl ethers.

The copolymer of claim 35, 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.

The copolymer of any of the preceding claims, wherein the copolymer is

halogenated to form a halogenated copolymer.

The copolymer of claim 83, wherein the halogenated copolymer is

halogenated with chlorine or bromine.

The copolymer.of claim 83 or 84, wherein the halogen content is greater

than 0.5 wt% based upon the weight of the halogenated copolymer.

The copolymer of claim 83 or 84, wherein the halogen content is from 0.5

wt% to 3.0 wi% based upon the weight of the halogenated copolymer.

The copolymer of any of the preceding claims, wherein the copolymer has
a Mw of from greater than 50,000.

The copolymer of any of the preceding claims, wherein the copolymer has

a Mw of from greater than 100,000.
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89.

90.

91.

92.

93.

94.

95.

126

The copolymer of any of the preceding claims, wherein the copolymer has

a Mw of from greater than 500,000.

The copolymer of any of the preceding claims, wherein the copolymer has
a Mw of from greater than 1,000,000.

The copolymer of any of the preceding claims, wherein the copolymer has
a MWD of from greater than 2.

The copolymer of any of the preceding claims, wherein the copolymer has
a MWD of from 2 to 6.

The copolymer of any of the preceding claims, wherein the copolymer has
a Mooney viscosity of at least 20 + 5 (ML 1 + 8 at 125°C, ASTM D 1646).

The copolymer of any of the preceding claims, wherein the copolymer has
a Mooney viscosity of from 20 + 5 to 60 =5 (ML 1 + 8 at 125°C, ASTM
D 1646).

A blend comprising the copolymer of any of the preceding claims and a
secondary rubber independently selected 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, 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),
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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-o-

methylstyrene), and mixtures thereof.



