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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. Butyi rubber is made by low
temperature cationic polymerization that generally requires that the isobutylene
have a purity of >99.5 wit% and the isoprene have a purity of >98.0 wt% to
prepare high molecular weight butyl rubber.

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

system is typically composed of two components: an initiator and a Lewis acid.
Examples of Lewis acids include AICl; and BF3;. Examples of initiators include

Brensted acids such as HCl, RCOOH (wherein R is an alkyl group), and H,O.
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anmaved agpreaeSeqtiaylyp iipiusiace Teat exghangg.  Slurry polymerization
processes m methyl chloride areused-in"the production-of high molecular weight
polyisobutylene and isobutylene-isoprene butyl rubber polymers. Likewise
polymerizations of isobutylene and para-methylstyrene are also conducted using
methyl chloride. Similarly, star-branched butyl rubber is also produced using

methyl chloride.

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

wall, heat transfer surfaces, impeller(s), and the agitator(s)/pump(s). The rate of
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polyreri zati process conprising the steps in

c ahbitatait ‘i'cﬂmmefof dlheSSl&fryJ ditpeat, ma tunreaciefl monomers. The subject of
polymer accumulation has been addressed in several patents (such as U.S. Patent
No. 2,534,698, U.S. Patent No. 2,548,415, U.S. Patent No. 2,644,809). However,
these patents have unsatisfactorily addressed the myriad of problems associated
with polymer particle agglomeration for implementing a desired commercial

process.

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

substantial solution therein, in the proportion of from one-half part to 10 parts of
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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 varisty

of reasons.

[0010] U.S. Patent No. 2,644,809 teaches, infer alia, a polymerization
process comprising the steps in combination of mixing together a major
proportion of a monoolefin having 4 to 8, inclusive, carbon atoms per molecule,
with a minor proportion of a multiolefin having from 4 to 14, inclusive, carbon
atoms per molecule, and polymerizing the resulting mixture with a dissolved

Friedel-Crafts catalyst, in the presence of from 1 to 10 volumes (computed upon
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[0011] Additionally, Thaler, WA., Buckley, Sr.
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t hﬁmmﬁm’(prmr»gt essentmiigl at least 90% by weight of isobutene and 0.5 to
10% by weight (based on the weight of mixture) of at least one conjugated diene
comonomer by continuously supplying a feed stream of the monomer mixture and
halogenated hydrocarbon polymerization medium together with catalyst to an
extruder type reactor and polymerizing therein, characterized by the steps of (a)
cooling the feed stream of monomers and halogenated hydrocarbon
polymerization medium to a polymerization temperature of -70°C. to +15°C. by
vaporization of a portion thereof under reduced pressure; (b) supplying the cooled
feed stream to a reactor which is a self-cleaning screw extruder and polymerizing
therein under boiling plug- flow conditions at a constant pressure of 0.1 to 4 Bar

using a "high" temperature aluminium halide catalyst and (c) removing, at the

reactor outlet, polymer product at a concentration of at least 50% for recovery and
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into a solid rubbery polymer, free of volatiles, whereas the liquid phase contained

in the slurry is vaporized and recovered by condensation.

[0014] Therefore, finding alternative diluents or blends of diluents to
create new polymerization systems that would reduce particle agglomeration
and/or reduce the amount of chlorinated hydrocarbons such as methyl chloride is
desirable. Such new polymerization systems would reduce particle agglomeration
and reactor fouling without having to compromise process parameters, conditions,
or components and/or without sacrificing productivity/throughput and/or the

ability to produce high molecular weight polymers.
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[6018] In the previous embodiment, the contacting may occur in a boiling

pool reactor system.

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

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

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

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



pol yneri zation medi um wherein the pol ynmerization
mediumis evaporated during the polynerization.

wQ 0@18475rn t he previ ous enbodi ment, the cont acPCTySI083041221
occur in a boiling pool reactor system [0019] In the
previ ous enbodi ment, the boilging pool reactor system
may conprise a plug flow extruder reactor or a
stirred tank reactor. [0020] In the previous
e { ment, I 3
SIBH) 2" T B Plelin BRGNS 2he BRACHOY, Blder reactor and
MeHesstiniet aankr ieadtor MEY 204/ @6 pInTalidCT 1BR0O08 Z0deb A1 the@atalyst
[0021] In the previous enbodi ments, the plug flow
efY§'¢fer reactor and the stirred tank reactor may
conprise a plurality of injection zones for the
catal yst system [0022] In any of the enbodinments
d¢e022] bed i fin hy of dee embndiments descrbagdsin this sactiannthy catalyst

conprise one or nore Lewi s acid(s or @t her tal

C ST rs o ser o Bet hars e it BledlspRiblextes as
| Qi BE@ Hedin, 8RF nBedehoi@dnitiaRA(sRt &lck Wing tfo@ esepabtely or
through a plurality of injection zones into the

r éegetlor thrpagpaplurality afjingsction sonss énto dhesreagtvbdi nent s,

when present, the plug flow extruder reactor may
conprise a twn screw extruder. [0024] In any of the

preyizpus enmigadhfRfiise pikivis Rhtoeiiientd, Mehent present thaplug flow
reactor may conprise a discharge screw. [0025] In any
ofextrivder peasiaroney CMIBISE AEWEESCIGH BXIMIEsent , the stirred
tank reactor nmay conprise a stirrer that skins

pol ymer particles and directs the polymer particles

t qoez4jeact ornaty béthe fro@d6d ethbodimygntsf whérepreseni, the stirred tank
enmbodi nents, when present, the stirred tank reactor
MG CERHISE G ALEFEYT In the previous

enbodi ment, the funnel may be positioned near or

bel ow the surface of the |iquid phase of the )
pdD92®r i zat ilomnyefthenpre}i0028hbodimanty, when hrgseitcthe giiged tank

er}tc)gcgcl)rn?ngtyséor}/l%}?s% 'S ﬁ'r%?tthatt S e1ist bél&r%%r tpaaptll(cles and directs the

polymer particles to a reactor outlet.

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

reactor may comprise a funnel.

[0027] In the previous embodiment, the funnel may be positioned near or

below the surface of the liquid phase of the polymerization medium.

[0023] In any of the previous embodiments, when present, the stirred tank
reactor may comprise one or more axial flow impeller(s), one or more radial flow

impeller(s), or combinations thereof.

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

absent a mechanical stirrer.



reactor may conprise one or nore axial flow
inpeller(s), one or nore radial flow inpeller(s), or

W@ oovbiossrT ons thereof. [0029] I n certain enbodP@EOER)3/041221
the stirred tank reactor, when present, is absent a
mechani cal stirrer. WO 2004/ 367577 PCT/ US2003/ 041221
9 [0030] In any of the previous enbodi nents, the
evapor at ed polynerization medi um may be col | ect ed,

gm gssed, 16 aRAeNSe drevidid ehfodimas, ki éva Eorated polymerization
nerization ‘nmedium [0031] In any of the previous

emmdmmemas beheolgﬁ@tqdneqacmzmsssgﬁ poseensed, mag faiwmpér to the
rise the steps of (a) cooling the polynerization
5@%W2ﬂﬁnn§ ‘ying the cool ed pol ymeri zation

mediumto a reactor; (c) renoving polymer at the

reactor outlet. [0032] This invention also relates to

a [N neri zdriaon qribe é&%"l@éﬁ"rﬁfﬂb@lﬁ’@mscgﬁt pRIymsHzation ypcess
Irmﬁli[i%ey %Fg% pp nﬁw%t nce Ageé’goﬁ Gh! ol%f%rﬁgfr’o@ medRIE (b)

e pre Iue conpri si ng oné
ofsupplyRghlie codled polyatriaativh medhubl ®)a kaacwry @heémoving gelymer
pol yneri zat i on conditions. [0033] In another
erbBiTAaSHr OutlRl. s i nvention relates to a process to
produce polymers of nononer(s) conprising contacting,
in a reactor, the nononer(s) and a Lewis acid in the
prjeésajce of "l?—hmmenxidmaisconsmtbs)w alpblyemwstizationh@oedsn comprising

Lewis acid is not a c ound re rese ted by,for
kel on TS SR TIoT P g GRbie or more
ﬁrfﬁ%lod ih @B e%mddfrﬁe&ﬁuenf %n}')ﬁ%@bﬁé)& bRV RS Ii®rocarbons

yneri zat | medi um suitabl'e to pol yneri ze one or
ndf@@s)mmm(:@) unhderfpolymeizpdyeanditianse  pol ymeri zat i on
medi um conpri sing one or nore Lewis acid(s), one or
nmore initiator(s), and a diluent conprising one or

nb@33)ydr of | HosRsiRe:banbsdimett Ghi) inveh@diB2dlatel BNOfI6EESS to
enbodi'ment, the invention prOV|des a pol yneri zation

medpdiees pplysiste of omEBPRAES); z‘@msﬁ@ng»rcwcenan ABnerigagtor, the
t 9 foorrrrparﬂ&pa%dyﬁeWm Qcﬁd 180[{13 13(% §>P B }gggdfgw[rocalbon diluent,

I SI one oOr nore Lew's aCI
Wherem the Lewis acid is not a compound represented by formula MX3, where M

is a group 13 metal, X is a halogen.

[0034] In one embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s), one or more

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

[0035] In another embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s) and a diluent
comprising one or more hydrofluorocarbon(s) (HFC); wherein the one or more
Lewis acid(s) is not a compound represented by formula MX3, where M is a group

13 metal and X is a halogen.



conpri sing one or nore hydrofluorocarbon(s) (HFC);
wherein the one or nore Lewis acid(s) is not a
W@ oipoersdr r epr esented by fornmula MX3, where M PGT/ES2003/041221
group 13 netal and X is a hal ogen. WO 2004/ 067577
PCT/ US2003/ 041221 10 [0036] {f4n preferred enbodi nents,
the pol yneri zation processes and nedia as described
in any of the enbodinents above produce polyners that
g&%ﬁ)ﬁl (p 8 }@fél‘?&p&% écﬁﬁent}gotggggg WiBrization rocesses and media
yl ene-1'soprene copol ymers,
| sehigkorivedeinaany of kh{:l emwdamenmmrhmivy eodice amndiymers that include

st ar- hranched buty rubber ter ynmers. [00
deqﬂiy}a@obasﬂwer eal?ﬁr%‘PP olyyatIEm n’é?z‘? TS SEPIEH oo HtHht | BDeD
| r t

Qoﬁ&%m@{] 3 1%(?)% Rﬁéﬁr{e%n%fﬂg ﬁﬂégﬁgﬁg%eg I@%ﬁ%ﬂ@x@ 9nd [s8R33dnch8d butyl
pahlybmterpeiymrs tenperature may be from 15C to -100C,
alternatively, from-30Cto -70C, and alternatively,
from-40C to -60C. [0039] In any of the aforenentioned
erpeshyment s.pdilfy POSINERAbrZdEleRNma g%@ hdéd HBYonMnation in any of
evaporat ed at pressures from .01 Bar absolute to 4 Bar
atbohfotementiah¢cbembadimenty, from .1 Bar absolute to 1
Bar absolute, and alternatively, from.3 Bar absolute
to 1 Bar absolute. [0040] In any of the aforenentioned

enbesijnent s,int &4 pPkhETRfor&BéntdAed @djddiﬁléﬁiy e polymerization
evaporated at pressures from1l kPa to 400

P ()
alt@@peratummay be fromp s (DtocR01 alfomativey. fiem 30°C to -70°C, and
ern e 3 a to 100 kPa. DRAW NGS
E‘ﬂa ?félé ﬁéfmlﬁ(?o;t‘?o g?da&;h of the relationship between
dlelectrlc constant and tenperature, [0042] Figure 2
IS a dramﬁn%:of dlluent mass uptake as.a functi
t'n

tion of . |
vdp%% f r actiPodopt (e pireuerinst FErPAdimeRISH polyrmerization
hﬂerpfag Qver o{r:dt&yétgprg’ssm%s Frdph V1 Bir ARt £8Y Msolute,

$0s” non conversion of certain
| mhentatlveiypfnbmrrb Bar alsoblvs tr 1 Bachtselutd, and alternatively, from .3 Bar

absolute to 1 Bar absolute.

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

DRAWINGS

[0041] Figure 1 is a graph of the relationship between dielectric constant
and temperature.

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

volume fraction of hydrofluorocarbon in methyl chloride.

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

conversion of certain inventive polymers as described herein.



WD 2004/ 067577 PCT/ US2003/ 041221 11 [0044] Figure 4
is schematic of a boiling pool reactor system

wardosiogismy a plug fl ow extruder reactor. [004B(T/BSpO3/@41221

5 is schematic of a boiling pool reactor system
utilizing a continuous stirned-tank reactor. [0046]
Figure 6 represents a vertical cross-section view of a
stirred tank reactor of Figure 5. [0047] Figure 7
represents a horizontal cross-section view of a

stirred tank reactor of Figure 5. [0048] Figure 8

r §posi3ent s digwat Yeisrsahémaiccaha doitimgt pool reachwidystag wdoting a

rezct r systemutilizing a continuous stirred-tank

r PR oW e [ESBESCRI PTI ON [ 0049] Vari ous specific
enbodi nents, versions and exanples of the invention
wi |l now be described, including preferred enbodinents

arfi0483f i ni t ifegge 5t isachematicaobp bedingepasil medctnr gystepowidizing a
of under st and%gﬁ(t he, cl ai ned i nvention. For
d SCBIMHWE AU AHENt , the scope of the "invention”

wll refer to any one or nore of the appended cl ai ns,

i ncluding their equivalents, and el enents or )

| i[A946dt i ons Rigire Gareprasents wavestigal tceossisedfton: vigw efra stirred tank
recirghggrd. ﬁ%&QOS ] For purposes of this invention and the
cI'§19 Q(f B¥d the term catal yst systemrefers to and

i ncludes any Lewis acid(s) or other netal conplex(es)

as described herein used to catalyze the, . .
pdPY4Ar i zat iTogs( represenst @ hpqoatalsrsisectioprvigef a stirred tank

L)L}g?&équ%yglﬁgtswel | as at |least one initiator, and

onal | her m nor catal yst conponent(s). WO
2004/ 067577 PCT/US2003/041221 12 [0051] In one

enmbodi ment, the invention provides a pol ynerjzati on.
nd@P4tth sui t dBBwetS IGRBESFRES nzélt‘ﬁﬂ@“’&erﬁm " 'h%ﬁértiog)ng pool
t Qed @5 By & RO IR a EdMRinuBR iFRAI A de@ftorredi um

conprisirng one or nore Lews acid(s), one or nore

DETAILED DESCRIPTION

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

limitations that are equivalent to those that are recited.

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

other minor catalyst component(s).



initiator(s), and a diluent conprising one or nore
hydr of | uor ocarbon(s) (HFC s). In enbodi nents rel ated

WO 200B06157Ng pool reactor systens, the pol yneri Rel/Us1003/041221
medi um al so conpri ses one or nore nononer(s). [0052]
In anot her enbodi ment, the inyention provides a
pol yneri zati on nedium suitable to polynerize one or
nore nononer(s) to forma polynmer, the polynerization
nﬁﬁ(ﬁi CONMPITh SHAW eHbodhertP filke LiﬁWl’l%Oﬁc?I%(IﬁikS afdAymerization
di'fuent conprising one or nore hydrofl uorocarbon(s)
( HEQiym shizatde to pblyneniee one wpmwre Ewomner(s) t §rmi & pokymes, the
conpound .‘S@resdent ed by.fornul a I\/l><3ll r{here MJis a
o PLeTiEa iogh madium Comprising Ahe S5 dHote) HeWinadtishnge or more
r ehi@hRH(s), AnB Q! dilRgt BORPridieR6hObr nRYS hd®lubfdRarbon(s) (HFC's).
pol ynmeri zati on nmedi umal So conpri ses one or nore o
ndnosrebqdinents [ BBSS] THwilig @oel reastaraiistemsy the| gaiEmeLigation

monoprers,to forma polyner” relagtes to the selection
oﬁn%ﬁ$9ﬁg?ﬁ?5?ﬁﬁﬁ‘%@ﬁ&%??%ﬁ%mgﬁﬁf onmponents, wel |
wthin the ability of those skilled in the art
necessary to obtain the production of a desired

pdP93%r in Ilngmothst eprhodarantpiicdnueniion RraYidedAppiERerization
pr rti r : i 0.

B S PR LSRR b, e
V@’oﬂﬁh%rﬁraﬁoﬁ Enédglﬁnp@ﬂnypﬁﬁiﬂglz aht @1 morgphaeist acidigRiahdbd diluent
to produce the desire pol ymer attributes. In

pProEYisEg Wd%@hhé‘ﬂ@%@%@?@@e&%ﬂg}i cYhfgein the one or more
oGl v ) o _
TS50 LI BRSO SRR i oy
Palr3ameeid yd SX s entelegepol imembodiamdtsstetatedotaabeiliod rwot yéactor

rubber erpolyners. [0054] .Diluent nmeans a dilutin
i1 S 1 lgnégémqn JBF‘%H’@]rﬂ‘Sq OMLISER PRY FANPL i)
to include chem cals that can act as solvents for the

Lewis Acid, other nmetal conplexes, initiators,

nmo85#r s or Brehgrasedd@hitahle s polymetiee mpnawerscie formtareolymer”
invention, the .dilueny does.not alter t n e
e B oo bt SER I bRl b FoRBRRHR, well within

megé WBility ofthesetshitled GpRNEMice@hryt th®bet tHeybducsips beadesired
nmononers, etc. However, it is recognized that ) )
i rodymet o righb of wereRess hearpeisso and epmippnent  properties described

g
variations in the polymerization components available to produce the desired
polymer attributes.  In preferred embodiments, such polymers include
polyisobutylene homopolymers, isobutylene-isoprene (butyl rubber) copolymers,
isobutylene and para-methylstyrene copolymers, and star-branched butyl rubber

terpolymers.

[06054] . Diluent means a diluting or dissolving agent. Diluent is
specifically defined to include chemicals that can act as solvents for the Lewis
Acid, other metal complexes, initiators, monomers or other additives. In the
practice of the invention, the diluent does not alter the general nature of the
components of the polymerization medium, i.e., the components of the catalyst

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



react wth the catal yst system conponents, nononers,
etc. to any appreciable extent. Additionally, the

w0 esoaiodisiuent i ncl udes m xtures of at | east tweCDUSI003/@41221
di luents. [0055] A reactor is any container(s) in
whi ch a chem cal reaction ocgyrs. [0056] A boiling
pool reactor systemis any polynerization systemthat
utilizes a reactor wherein the polynerization nmedi um
' %fﬂ%ﬁ%ﬁ%&‘&aﬁyﬁia% c@‘ol I)’lgﬁéfeﬁ@& leBihodinBAR kheSitdny does not
refers to a volune o |'uent conprising nonomers that
havat pridc ithei caialyst fystem thmpotidntss mhonommeans) nete.Sto ata/vlappremable
aC| d, Lni t r. Th sl u concentr

fie ™ Rttt 6F e Gt Hieisd TSR oast Bwb B more

pr(ﬁﬁblgb.t ated polyners based on the total volune of the
slurry. [0058] As used herein, the new nunbering
scherre for the Periodic Table G oups are used as in

Pol yrib Ay T (OB B ich 8 LRy gocurs.

copolyners |nterpolyners terpolyners, etc.

Li kewi se, a copolyner may refer to a polg{mr_ )
cdﬂ?ﬁfﬁ]su ng & Hoding: peckoeamserossstesn iopry ppakIioyizgliarhsystem that

Ot h 1z%$p 2 Qen%&% w{‘lgrg%olthevv}l)?Hn%r&g{lgﬁﬁedlﬁmr %f g{lzm%gaté@ during

t%lﬁﬁéﬂjﬁﬁbnl n the polynerized form of the nononer or

in the derivative formthe nononer. Likew se, when

cat al yst conponents are described as conpri sing

n | sta at Ptk

o oou by dE B g ue TORARAE cphriyifg Hitriomers that
f drave giredipieatexb ﬁqonm&ret dilhgent hmoncﬁmem; Lbats acéda,canzi wiitigtor. The

t he nononers t.o pr oﬁ_l ol yners. (%Oak?] I efin
WPk GOROGRRLER eli MendABIRS DREFIhGL i SBBSIY L o | gmpletely
0 Zbre&%ﬁat@cﬁ%r&@fs%@ed NOn2 QR4 Rndad 61 BeTie52003/ 041221

tiolefin refers to any nononmer having two
doubl e bonds [ 0063] El astoner or elastoneric

COFRR] Lo oI AU B e o

defionpé iRMsed as in CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).

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

comprising at least two monomers, optionally with other monomers.

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

form that reacts with the monomers to produce polymers.

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

the same carbon.



The ternms may be used interchangeably with the term

"rubber(s)", as used herein. [0064] Al kyl refers to a
w@anoafobismi ¢ hydrocarbon group which may be dePCTE82003/041221

from an al kane by droppi ng one or nore hydrogens from

the formula, such as, for exanple, a nmethyl group

(CH3), or an ethyl group (CH3CH2), etc. [0065] Aryl

refers to a hydrocarbon group that forns a ring

structure characteristic of aromatic conmpounds such

as, for exanple, benzene, naphthal ene, phenanthrene,

arjo®é2dcene, Multiolefianefetsytpiaomimonopes bedsg e doubde bonds.

doubl e bonding ("unsaturation") within its structure.

An aryl group is thus a group derived from an

argegd]i C COomAYRHetr e@isﬁﬁﬂér[@cdﬁ%sﬁfonnﬁ’sf @semh@fe‘iig Q&fers to any

fromtheforrmasuc as, for exanp

Clalymgron @6ﬂnp@ubgm pf mlmerssfogslstenbwsth ﬂneeé§ifl\%ﬁé566 definition.

?ﬁgﬁ& i rrg ge?.)bqeé a}ﬁ%g:hgrgée%blgfg et}bﬁ'ﬁu ﬁezrtn{ %ﬁgb rﬁze la? ﬁ§e%q1erein.

fluorine, i odi ne), amno, nitro, sulfoxy

(sulfonate or al kyl sul fonate t hi ol , aIkyIthloI and

hyl8Pelly; al kylkyl sefewsi he paa ith drcaiban Yy i ych mey be

20, carban_at h S I I
iR TR ;6913' o BV gL ok R s,

stsualh g4 tfor efxam@teaaertbel@l ehaip(Calsk @t yn kel gepup (CBLCHY), ete.

carbon atons, and includes, for exanple, nethoxy,

et hoxy, propoxy, isopropoxy, butoxy, isobutoxy,

?Z’@@@éjaf y bu %efe 4 & b BYdo &f( 10 eﬂlta lFOX¥ a ring structure
i tyl oxy, “hexyl oxy. Weptrylo Cty oxXY,

ncuhyiameylstnaaﬁardmayb ooaytpourells (sattlkgd fon/dxaullplet;rbarmne, naphthalene,

stralgh br anched chaln | kK having. .1l t 0 .
c BB HPCHG SriouBEL PIRAAY BPSes Mmufe gRiple bonding
hg | r R (iE”tIﬁ{ by Wb d i
DrRRErER yi e MR QLATERpeSYRsa Bkt fom

2- anrammmetllmc)tbmpdlmﬂlhydr@mnhg/bne e mhtedrydmg@py from the formula such
3-br fl opropyl, 4-chl orobutyl,

2.5 oot %1 phe&?flr PhéAGot hyl , di br ononet hyl ,

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

2, 2- di br ononet hg 2,2 \WD 2004/ 067577
PAfPem2003/ Obshitted) Biers i @blesst Aga hydrogen group by at least one

3, 0
2 U], By B LR oy o, e,
4 , #didhie}, laudn @ itry) sulfoxy ¢hafonnetdrydlkyltsulfbhatey, difel hikylthiol, and
i lgzyd%m%i Itail%}%lj,g;t?qeyé}gdlgt lp@pc%leg,fyj ffyyvgrig?rfr p%/d carbon atoms which
includes methyl, ethyl, propyl, tert-butyl, isopropyl, isobutyl, etc.; alkoxy, straight

or branched chain alkoxy having 1 to 20 carbon atoms, and includes, for example,
methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, secondary butoxy,
tertiary butoxy, pentyloxy, isopentyloxy, hexyloxy, heptryloxy, octyloxy,
nonyloxy, and decyloxy; haloalkyl, which means straight or branched chain alkyl
having 1 to 20 carbon atoms which is substituted by at least one halogen, and
includes, for example, chloromethyl, bromomethyl, fluoromethyl, iodomethyl, 2-
chloroethyl, 2-bromoethyl, 2-fluoroethyl, 3-chloropropyl, 3-bromopropyl, 3-
fluoropropyl, 4-chlorobutyl, 4-fluorobutyl, dichloromethyl, dibromomethyl,
difluoromethyl, diiodomethyl, 2,2-dichloroethyl, 2,2-dibromomethyl, 2,2-



tetrafl uoropropyl. Thus, for exanple, a "substituted
styrenic unit" includes p- nethylstyrene,

wW@2@ttioyisst yrene, etc. [0067] In one enbodi nent PCT/OE®03/041221
invention relates to the use of hydrofl uorocarbon(s)
or bl ends of hydrofl uorocarbgg(s) w th hydrocarbon(s)
and/ or chlorinated hydrocarbon(s) to produce a pol yner
slurry which is less prone to fouling (i.e., also

ORSRINEIn IO §3 laﬁémhfdlp? l3efgitkbldidpRard, 4-%h&§orb5ht§rhe4 4-

reacti on - vesse ducéd adherence to
ofdiflureomayls gichtoromethyhel, %ﬂlfhom’ogltyln’qm@hloe@methsl \tveﬂlmora@ethyl

reduced.partjicle rticle aggl ration). re

b rgindrghit 43RBT & cetipnetibe g 2233
hyter FuoHr A5 bPRusdifbuettnt e, #Msitsfidd s9fdnidbigirdscludes p-
Wi t h hydrocar bons and/ or chlori nat ed hydr ocar bon
binegthiglstycenp.ap-gilmslstyzeneapig- copol yreri ze i soolefins with

di enes and/or al kyl styrenes to produce isoolefin

honopol ynmers and copol yners with significantly reduced

rqeeér foullhn@ne Embbiiglent,t fhis invéatidn oreldied atbeshet ouse of
t he use of hydrofl uorocar bon di uent (s) or dil

bl hydenglugracartiepcs oerablsads %ﬁqayérpﬂ@mosanbﬁa&swmh hydrocarbon(s)

hy,

" SBIREEHRE R BBk BoRELUTRELEE o RMInBARALY WIGHIELess prone
With Houligdiike f hanbkatrved tisee glasehld, dess fsteity ng'tlallasi 1rh‘€m(react10n
| onger run |If§ for the react

cd«%ﬁ@hw@ﬁs@m@ §é@¥§nce[t9@eﬁa‘_fvaﬁ StiherreEl BHlc ﬁ? ﬁté‘ﬁlpg impeller
b
tgago\gt s r(ﬂ%ﬁ@&%ﬁg%?% RiclS§ lFﬂeﬁtloﬁ)u WRE ﬁa?ﬁ’&ﬂé}[y, this

I accu ation on the
tnamsmenrﬂuhes)ﬂmnﬂéofhy@ﬁﬂu@mebgméﬂu®M®MGMHECubhmmmkmds

| i QD At ionne ek il B BREBbE leidsn & abliibky and

' rbo@ol hié?i% 3800l ERat RithadiefdsORRYort SIPREREAESD p@duce isoolefin
produce pol ymers at nuch greater run |engths (such as

grlemcmolmﬁ a®l (ropelymepy evidh abgyifigandlyt eeduchdnreagtor fouling.

or e 35 Bl o R 6 ol Ao B R ey pr ciuent

othlexdshaite %ga@mehy dhd/en bﬁl@ﬂﬁate%y&ﬁ)@é/baﬁ Hiehds to polymerize
PCT/ US2003/ 041221 16 [007Q] In another Pdlnent t he
hyadotapabieseize sprlctiise with edicnes tgriproduce isoole

significantly reduced reactor fouling and hence longer run life for the reactors, as

in copolymers with

compared to conventional systems.

[0068] In another embodiment, the hydrofluorocarbons are used in a
tubular reactor to obtain reduced polymer accumulation on the heat transfer tubes
and/or reduce polymer accumulation on the impeller and thus obtain longer run

life.

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

other halogenated hydrocarbons.



autorefrigerated boiling-pool reactor where heat is

renoved by evaporation of the diluent and nononers
woroos671 0 reduce reactor wall fouling, and PCT/US2003/041221

agitator/inpeller fouling anong other things. [0071]

I n another preferred enbodi mggt the hydrof | uorocarbons

are used in a polynerization process to obtain higher

nol ecul ar wei ghts at the sane tenperature than when

ot her hal ogenat ed hydrocarbons are used. [0072] In one

enbodi nent, this invention relates to the discovery of

ng0070jol ymerh zatoilen aymcﬁﬂsntuﬁiengydibﬂumncabmnmi nsedgin an

hydr of | uor oc rbons hese iluents effec ivel

o aukege pgeiied r%a&tom%r ﬁ%ﬂ%we ratiqq,pf the
ar&luehi®! Hd Vﬁabxorﬁaer ARHENS fr@&uthereM$ry n%uprfegmg and
Pol'ynmeri zati on systens using these [uents are | ess

pragitetot/ompedlet fouding among othee thaggs oner atl on of pol yner
particles to each other and their depositing on
pol ynmeri zation hardware. In addition, this invention

fuyndgr rel ahesolter bRertseRbodiestemhe ihlydRMudrdchrbons are used
poI yneri zation systens for the preparafion of high

noh ex plobmeneaigbnt pmﬁeysr@q obtam dnglmomyhgmlgr ateights at the same
| Tt th .0 .th t
¢ dintitafls wal ylien e R bR Pk AR ROl BRG, hon "

di l uents such as nmethyl chloride. [0073] I n anot her
enbodi nent, this invention relates to the discovery o

ne[wlm yner ilpame @m@ﬁgn@ﬁstheﬁsmﬁgntfqnwgqué@ dbe disppvear PE new
frﬁgrr#ﬁgﬁ\' s‘y}S‘t@ﬁQ' i é dtllgérﬁg oc|0¥1 aﬂgné Poq'fll%kc}/cséfbons These

ese nerl I on Sy S ens a

b&i’iﬁ%nteleﬁfecu‘fdby dmolsrb ahd selsdted bytab@ﬂ y;n;mm 2ad innohoands but are
production of a polynmer slurry that is |less prone to
f crelarlﬁ@ly DAY PRIV o r@lsan%rsmpé‘eq orf BfMERFIGAR Systems using

alocg%réo enfiNlet IIQFS gfdﬁmr éydugrt%f Erfg‘élomeratlcl)n of polymer

um num ha e cat In a d|t|on th
i pastidlésoo feactt lodrer randathes dleqnoslhag use polyntehiesteond hhnﬂlwates In

for, .the preparation hi gh | ecyl ar we r .

rﬂﬁldgﬁ’ﬁ‘ rBVERLiop; 3}%‘?%6? rfe 23{"? ot éﬂpi}?eg ﬁg‘gen?s mn
asydkAB#a8en ts9st9191§)fﬁ?fﬂezﬁitebﬁﬁtl§ﬂ oF @iigh HRldedlas Qi/&é]yt polymers
chl ori nat ed dr ocar bon | uents such as neth

yl
c hndr |cqpolyms2@04aqu@m$ffm PCMUB@@%ﬁMZQlthOW polymerization

temperatures using solely chlorinated hydrocarbon diluents such as methyl
chloride.

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

diluents such as methyl chloride.



[0074] In yet another enbodinment, this invention
relates to the preparation of isoolefinic

whermpeisyner s and copol yners, especially the PCT/US2003/041221
pol yneri zation reactions required to produce the
I sobutyl ene-i soprene form of {butyl rubber and
i sobut yl ene- p- al kyl styrene copol yners. Mre
particularly, the invention relates to a nethod of
pol ymeri zi ng and copol ynerizing isoolefins in a slurry
pol ynmeri zati on process using hydrofl uorocarbon
di[0e&tt s or Ihlyetaiwtiet embydinwht, dbis arantion sslatantd the preparation
chl.ori nat.ed dr ocar bon dj , i ..
I o Olanni | BRaolT oG ath SPPaNBisH nSRp e polymerization

PQLARBAI ?e@&ﬁr@@ t& }6?6&@@ 11 isbRy R & 8@PFene IfHM€ BF bARY1 rubber and
provi de for copolynerizing an i sonpnool efi n having

f isybutylens-pralkaishoene apolysneah dMoss partitW gl s tthe yention relates to
mnoner s IE accordance with a g;eferred g odi nent i
oft ChERd, ohe PERTIRRES e o B ec oG o 4 shurry
C 3RYyBhdHAfon bﬁlrcv&%h ahet h¥@oRn6rodRbon Mdilubatdf orhélends of
i sool efin such as isobutyl ene and bet ween about

) 0.5
arhydegluaracatkons, and shlesinated higioserppr dduents hika sethyl chloride.
par a- net hyl styrene. In accordance wth anot her
enbodi nent, however, where gl assy or plastic nmaterials

arjeois}i ng priaducger ambvdiblent, thepslopeliyanssystems of the present
conpri sed between about 10 and 99.5 wt. % of th%tt
i dvAngipn @rovade fos sppAlymeREng andoaKpaelen bayna figmn dto 7gprbon

of arg-.a re as. p =

[ONAR R RPN g ET, T PRl YA hiefered
r elngfodimémn  af pheciasention, the ogisten pobgues scapolymers  containing
3 e B s PSSR Sl 5 TR B e
a_caibgut 68%nA0 Wt.19%arhe ghﬁ-éll%}ﬁstyféh@%ﬁm% Biraﬂﬂeﬂi@@cyrene. In
diluent at a tenperature of OC or |ower, preferably

- 1@ rdancel witle anotherefaycglithgnt, ROG\sr, Whsteiglasgy ef plastid wpaterials
-30C, or | ower referably -40C or. | ower r.ef er abl
_ webgine Svieed gt Sefly ) qppolipersire cafibised Petivasy Appt 10 and
- 9 Q. % oM, istulefiier dbkobutyBse, Qind | ey 0.5 pidf B B! Y6 of the
-90C or lower, preferably -100C or |ower, preferably

f rasi-aikylstyrense syobets prrigmpidyIstyresie- t he pol yreri zati on

nmedi um such as the diluent and nonomer m xture. WO
2004/ 067577 PCT/ US2003/ 041221 18 WNbnoners and

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

such as the diluent and monomer mixture.



[00771 Mononers which may be pol ynerized by this

system i nclude any hydrocarbon nononer that is
w@oelgersizabl e using this invention. PreferredPCT/US2003/041221

nmononers i nclude one or nore of ol efins,

al pha-ol efins, disubstitutediglefins, isoolefins,

conj ugat ed di enes, non-conjugated di enes, styrenics

and/or substituted styrenics and vinyl ethers. The

St stituted (on the ring) with an

PM&@?&§?§?¥PQSF?§£ or al koxi de group. Preferably, the
nononer contai ns 2 to 20 carbon atons, nore

pr ably ferably 3,t0 carb

PBVEN 2" o b Sernsss Siich HRF S rr R byl Sef ldflle any
pf}fyﬁr&&l@éh%ﬁﬁ@rﬁ@p tRRrdp &YéaEIey ﬁﬁﬁ ,thi! Bi@ntidH. hyPreferred
styrene d|V|nbeenzene i sopropeny benzene

smhnﬂn}dre eclude- e loy Imare mit elafins, Rphst¢lgfing, -diswbsiated olefins,

@ﬁ%t ﬁvﬁugftteéfq %S?egz ?lgr ggr%ggaég&' lﬁg ﬁf}/‘remcs and/or substituted

sﬁyr@lme@aﬁwbmwme@e Theheyrasit &g, b sibsomesdt (@dltﬁeﬂﬁng) with an
plperylene met hyl vinyl ether, ethyI vi nyl ether, and

i sdoit syl akige Oéelk@rﬂdargxowm e Prafgrab ymdn@mmﬁycm%s Héo 20
csn%orﬁaa'iorgp &fe aﬁr%rag)[g %g&;g,eea\%ﬁgﬁ%@ nﬁefefscﬁ)éf ??6 6 cglgo%ﬁkatoms

b | ek plexp bty I’jﬁé&rﬂeﬂ C |o;l]ﬂffils cdpdugerestyrenk, spara-atiiybsyrese)c hpara-
as styrene, para-nethylstyren al pha- et hyl styre
arfetbsllstysenes oalahasmethyi s Stygsnen ‘§§mﬂb§8€?n@n €S us@m%spﬂﬁelzene

r r .
e L G 80 SR g, o
sthutetiene? P, 3-diatwtiy4 le3’+butadndne dhpmens, mywena;véil 6 dimethyl-fulvene,

h I
p?@%&&?éﬂm%@ﬂgﬂq@gf&g% er{eh %gegzy ]I)'{g{%l diyt r et l\Xﬂyl ether, and
Cﬂ%é%l%ﬁ}lyetmlaﬁﬁﬁﬁé HE@' RIHDEE S5yl AeAbd BorBifnb@dtsCof two or

Pol yneri zation of Aefins, A Critical Inventor
J osemhmlsie@metdy, Stpit¢rey blavke¢apolyanere maye lsyobe ugesl7§ monomers.

oo rEER A oS R PRATE b hsE E B ERK a5 styrene

C apadhRtBlstplead) Ialphaaﬂetaylgtgfdnen a0t 0y ORAgR | a@mfmst gtch as
because the nononer contains an el ectron donating
grisepend-dutagdicnes and By likes cﬂ@ﬁ‘?‘éﬁf bﬂ’reféfé%dr gigpgmer combinations

CohpltE' RIS R HEL AR, FPANTDSIEARIAD ol oo, o

| nivell schanemlyhiew of tsokuti 6. V\D 2004/ 067577
PCT/ US2003/ 041221 19

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

Inventory, Joseph Kennedy, Wiley Interscience, New York 1975.



[0079] The nonomers nmay be present in the

pol yneri zati on nmediumin an anount ranging from 75
wowehineg7sd7 01 wt % i n one enbodi nent, alternati vECH/USD03/041221

w%to 0.1 wt% alternatively from40 wt%to 0.2 wm %

alternatively 30 to 0.5 w %ealternatively 20Mm % to

0.8 wt% alternatively and from15 wt%to 1 wt% in

anot her enbodi nent. [0080] Preferred polynmers include

h | ymer fm j j ' .

oJUBRY YT SR it 8Rm K dﬁ%e’ﬂééﬁ%ggﬁmﬁlﬁ% bbihfftzAifbrd bdum in an

oaln)mmo baitgyrlgeﬁem 753&h%pmr(h0hmt%yirsd)w enbkodiment, alternatively 60

e.t%@ﬁegfeﬁe?@r%%hy@keﬁg%%? WA Ry P B AR 30 o 0.5

da;t hl\éhoaq %tx@cfo)to o[s@%ﬂa] a1Peaﬁ£t%ryegld%mgr\§twkosp Wt% in

copol yners of I sobutyl ene and
ahm@ﬂerwmbmhnwahd 2) |sobutylene and |soprene [ 0082]
In one enbodi nent butyl polyners are prepared by
reacting a conononer m xture, the m xture having at

| g@880)(1) a Mfe&&d?@l;’n%?hféidd@ HORIPBR mers SN EMthe fld&Bmers

as | sobut ene with a multiolefin, "or conjugated
d| Im@l nmrtblneSectloonpamempleswfehomoml@mm inclyde polyisagietylene,

xﬁa@a—%ﬁt@is TiglbodOptirs Buvbdfatly b EREHE e,

engy ﬂ%rﬁthers {sicly 88 pan@tmelvigene ﬁﬁgéthyhzﬁhylaﬁéﬂ).ef in
|s in the range of 92 to 99.5 wt % conj ugat ed

di ene conponent in one enbodinment is present in the

e%ﬁ rrent {&39{98 &J ﬁ}%@é ?%158‘3&91 V\?ca ¥, Ipr?lﬂlrﬂﬁlg?ﬁell) isobutylene and

erﬁma:‘lkytajyfenej andyBtiscbnotlérerand ifapéneent, from8 to 0.5
wt % of the conononmer m xture is conjugated diene. The
C4 to C6 isool efin may be one or nore of isobutene,

[:?gﬁﬁil j TPHhE réﬁlboglméﬁ?tﬂ?ﬂt' 1- ?élrm@&t %epreparﬁd by reacting a

2- butene an 4- et pentene. T
mxtdnncuio&felr mixtgye, e mn@drethavrﬁgzht teasi (1Y atCado disesmlefincionomer

orHERRED eheB BT aSia ik ARl e R RS nonome
Cyé‘dn%@ﬁtadﬂl%ﬂ%cﬁé'fﬁl ﬁ'lﬂﬁ&éﬂg@ﬁﬁ)m e eIH AV IBNveighi oft thE total

butyl” rubber polynmer of the invention is obtained by
 ecomInemeB Mikprgd Gne epbediments Shin §9-8rvet’nin wo_tlsertemb@dgnent

% [ $9 9 0
aﬁgmﬁ émﬁ%dl 8{ t\';r\k%(#(i &Bl % 15%}&:9 gp\ng nég tlo n99 S5 wt%. The
an@dnﬁl%ratﬁﬁﬂl@ﬂct @Bllﬁbonéﬂﬂ én \We 260X AL 71§ present in the comonomer

PCT/ US2003/ 041221 . _
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
comonomer mixture is conjugated diene. The C4 to Cs isoolefin may be one or
more of isobutene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene, and
4-methyl-1-pentene. The multiolefin may be a C4 to Cy4 conjugated diene such as
isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, B-pinene, myrcene, 6,6-
dimethyl-fulvene, hexadiene, cyclopentadiene and piperylene. One embodiment
of the butyl rubber polymer of the invention is obtained by reacting 85 to 99.5
wi% of isobutylene with 15 to 0.5 wt% isoprene, or by reacting 95 to 99.5 wt%

isobutylene with 5.0 wt% to 0.5 wt% isoprene in yet another embodiment. The



20 following table illustrates how the

above-referenced w
wWQORI0EA67SMD|

%

A4 wt

% woul d be expressed as
% | C5b Mol

mol %

85 87.354.2 92 93.386.7 95 95.9 15 12.7 99.5

99.6 30 26.1
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[0083]

comprising any combination of the monomers listed above. Preferred terpolymers

This invention further relates to terpolymers and tetrapolymers
and tetrapolymers include polymers comprising isobutylene, isoprene and
divinylbenzene, polymers comprising isobutylene, para-alkylstyrene (preferably
paramethyl styrene) and isoprene, polymers comprising cyclopentadiene,
isobutylene, and 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

[0034]

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

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

13, 14 and 15 of the Periodic Table of the Elements, including boron, aluminum,
gallium, indium, titanium, zirconium, tin, vanadium, arsenic, antimony, and

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



boron and titanium wth al um num bei ng desirable.
Illustrative exanples include A1Cl13, (alkyl)AlCl2,

WO SRRy BALCL and (C2HS5) 3A12C13, BF3, SnCl4, Ti BIBUS1003/641221
particularly preferred enbodi mrent, BF3 is not the
chosen Lewis acid. [0085] ThejGoup 4, 5 and 14 Lew s
acids have the general formula MX4; wherein Mis
Goup 4, 5 or 14 netal; and X is a hal ogen
' riﬁi Qlﬁ’éeﬁfé@ﬁ ?f ! ﬁQéIft’Qn fIO8Ret é}ﬁb&fn‘ﬁHﬁ’t RNl pild 5.‘1@ Shminum,

['uor i orine, bromine, and i|odiné, preferably

c Flooom ared, titxnimy vathsdurbimug ‘pfsn@ defableg dHustftive tekmnples include

p?@@i@?ﬁkﬁ’s@é@ (RFAG o §E S Ehe Bl SIS et 1n o

RN SreRrred BBOYARAL, BF;3ndtIRS BAREY BERIs®cR. 2
cyanl de. n-limting exanples include titanium

tetrachloride, titaniumtetrabroni de, vanadi um

SR ' e Gl SHERTPIOCR AR PRy v

alvprsif ad Grédy 4 3, |ﬂ>§'14Qﬁ7£aIt e XOils aﬁﬁil@ﬁﬁndependenﬂy selected
Non-limting exarrpl es include titani um broni de

t riresmitey Bepatp qonsigiingaf dneriesyichiorisiec hrostinecandvigaingi praferably

&3%%%@(%1%; 51'38 EE Qﬁjau%ﬁ)ﬂﬁlto‘%ﬂ ch{):rlo %ﬁg&ofsé{ (I)fltﬂfs %sentlon and
l_ nHe ’1dime tHaytoabgandoltm@nt Redgrmiedral bd @.ﬁl’ﬂ:ﬂic& MR' %éc_}ranate a

wherein Mis or 14 netal; vvhereln
a tHoRMNgIce mn WQE%QF@’&?% (Prr A ckyaRides e Noarlisanting o?ﬁampées nclude

altgyfﬁg{rﬁs l”t@fré%ﬂ&ﬂie(ﬁ tlﬁéyl.{nﬁ) ?a 10%111@( X Edﬁhm %Mh@lh&ﬂe

cycl oa icals; nis an Integer
f riemadhldrivlednd Xirceniamttefrayimiden (T@peﬁtdepl #] §, adlddodved acids may
fr mthe rou onsi st fluor chl ori ne
Feailngtofeo Bt conep gF s LGS YRS Egles, include
beatémuﬁsbh%grﬁ@@ltﬁ&l%hdeF@ﬂfan‘ilhﬁ dIoRAEE YichforfdR] $anadium bromide
invention and the clains thereto pseudohal ogen is

deficiledde,and nahloaie gaflucaitlel socyanate, a thi ocyanate,
an isothiocyanate or a cyanide. The term "aryl al kyl "
refers to a radical containing both aliphatic and

arjgose]i ¢ St rGRuPrES, adde4 Tadigadidbaietg al thitningbktion may also
position. The term’ ‘al kylaryl" refers to a radical

camva |ﬂ‘rﬁ gﬁge@bfqmwla Mﬁ\ai’(n TS \ah@elarl\éﬁ&ﬁr@lp 5 Gbi‘bm@éﬁl wherein
thed al%iﬁ 'hggro@%rb@]ﬁ] A éégé’cﬁ%% fr8{gl  thp O fbu Id&%lktﬂ%ﬁf C; to

examp ew S acl It

t rdllcg‘ hfillquj d@l atyhdlytydlicytaeyiand qyicloalkyt Iraﬂ&cals and 7 is an integer
benzyl zi rconl um t{l chl, o | de gl benzyl él rc%nl um
di 5B A et Xt AR QEETSAEWEN DY GalEdEe P the group consisting of

Pq:fﬁolrﬁgp Qﬁ’l/ogﬂé,z%mme, and 1od1ne, 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



22 trichloride, dinethyltitaniumdifluoride,
dimethyltin dichloride and phenylvanadi um

wao edoglobsri de. [0087] Group 4, 5 and 14 Lew s arCTES2003/041221
useful in this invention may al so have the general
formula M RO nR nX4-(mtn); wherein Mis Goup 4, 5, or
14 nmetal, wherein RO is a nonoval ent hydrocarboxy
radi cal selected fromthe group consisting of ClL to

QXY afthothPienih V! AR, 3! UMM dichioride  and

radicals; R TS nonoval en ydr ocarbon radi ca
s phegtletatlivemrichbrigeoup consi sting of Cl to Cl2
al kyl, aryl, arylal kyl, alkylaryl and cycl oal kyl
radi cal s as defined above; nis an integer fromO to
4 inis I nt that; :
of B {5 ub M SR LY PP e I B inkaRioR Ry o
i rhebep dhred gerteral Foemelat BYRO) R X he+grohgpeinovsissGronyp 4,05, or 14

fluorine, ¢ rine, brom ne,,and iodine, ef er.abl
G RBeroR e Baenyaient T g Sl fan the eroup
PUbERGSRS & Cl Y G50l MYEH! Ex?flbx%ggrytlahﬁoﬂ, 3’23@&5%162& @ddicals; R' is a

pseudohal ogen is defined’to"be an azi de, o
i sompaalgnehydotanbaciadival eslecied frogothhigreymeensisting od C; to Cp2

cyanide.. For, th urposes, of .this invention. o L
metivh ARl ARREERR Pottali 6B RR S PRan gy n is an
alijeyst Rt 0ab W U Yn & & iBtcpbiClohd toeOtick ahL MiSsitn®of # and m is
al koxi des and g_henom des respectively. The term

" a0y merd ey 4; Xeisarhplegsndndepandeatly selspiedifioinnhepgsonp consisting
AR _ : . .
S A RL I G, SIS Baahls G067 Bl e

()
a psaétiodalogent Bomitig phfjobesalof phit inveatich aad ofim@t ¢laims thereto
structures, the radical being at an aryl oxy position.
Naweydohplogery is cdedingtl o be amaside. ai §ocyaBrigs 4 Hipygaate, an

. : bl ) . . sl
AL LTS K DL B it e n
pheeineonyltl ir¢caghizt that the tomonalkiexy gtdearylomg airostsuziurdequivaients to
;&hwgqrﬁgpl dﬁd%](g{%’aé{%ﬁ rrgf?ﬁegﬁ?%tg.l an{%@ﬁ?&'{l&lﬂgg§"l r%?e’rs to a radical
| SOBIARAX BYANAGhHR afll SRInOficOeruchiPi3dle A0REPbAng 2t 8AdIkoxy
14 Lew s acids 'useful in this invention my also have

t osigoner Bie feomnislleylavyiRaetery iRa radicglngomjaining drogh aliphatig and

G oup 4 or 1 net.al,; . wher ein T i s .
R AR i BRGH vl o A IR, b g, ( Ngn-limiting
greXb@pkenof Sthiesd DEwls2 delsCIhcladk appihoxytitaginw agivhlowe, n-
aryl al kyl acyl O.XK, . . I . . .
butoxytitanium trichloride, di(isopropoxy)titanium dichloride, phenoxytitanium
tribromide, phenylmethoxyzirconium trifluoride, methyl methoxytitanium
dichloride, methyl methoxytin dichloride and benzyl isopropoxyvanadium

dichloride.

[0088] 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 Csp alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals; R' is a monovalent hydrocarbon radical selected from

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



al kyl aryl acyl oxy radicals; R is a nonoval ent
hydr ocarbon radi cal selected from the group

we@oemsgiostsing of Cl1 to Cl12 al kyl, aryl, aryl al kyPCT/US2003/041221
al kyl aryl and cycl oal kyl WD 2004/ 067577
PCT/ US2003/ 041221 23 radical,g as defined above; n is
an integer from0O to 4 and mis an integer fromO to
4 such that the sumof n and mis not nore than 4; X
[ ' L f .
condedf 2B BRSNS Bh Mhee SO P4 chE 1R iR Trom 0 o
prdefueh aldt the b roff meandXn niayotahse than 4; Ksis edehegendedependently

For th urposes of this, inyention d.the claims . . ..

{ FEIeEES B ABHEPERY SARTISingoot fiuering, dhloris. Zsvpie. Apd fodine
| a .
ng%\é%ggl %gﬁ?ék%@{}ﬁa@? qie @?sﬁeﬁ@ﬁeﬁbé&ﬁf P8t theOpurBoses of this

erm ™aryl al kyl'acyl oxy™ refers to a
r dolvendibn camdt thie ndlaigsbibetetapsgpidabalogeants definedt focbe an azide, an
st.ructures, the radical bei at _an al kyacyl a
T HBHE. ARGV A apRy FEAPAEHREN g Poriplifo aThe term

r agiyiaky1aNbR} NidFers 0Lt B AlichN 86At8ind1pd bathOARSHaGic and aromatic
structures, t'he radical being at_an aryl acyl oxy
posiuciuges, Men-tadieik | bring x afrpire salkyacyldxys epdséigns acllegs term

i ncl,ude acetoxytitani umtrichlori.de Zoyl.zi.rconi .
1 YR BETORE S5 ol B AL, e, B BB B0 iBimacc
| SORERRAYIHXNNAital elrgcdilaarardgcylomst Imsiﬁqnaqedsmnﬁﬁﬂi%gamaumles of
di chl ori de and benzyl benzoyl oxyvanadi um chloride. . .

[ 0bss] Lavispagds eftctudsci apstoggidpium ntrichjagideny bepzpplgirconium

T 1% B0 B A0 o AR B
selcenketitahinandithleride antbbaapkbentoylgxyofanidiumrdhiveide.

chlorine, bromne, and iodine, preferably chlorine. A
non-limting exanple is vanadi um oxytrichl oride.

[ a@@@d] The Q}IQ)"&? S’I-ie%’viaéfl@ﬁ%éﬁl s@iUinvieRiddindy also have the
[ he genera 3

enti on have ormul a MX3; wherein Mis
a genetap fdrthute VDX gnsheteinsMais malogerd metidpeherent Kyis a halogen
selected fromth roup consisting of .fluarin . .
cripdReRdently wigerd. famdbe gliiReonsisias of SHPYRErRlyise brogaine,
Meyhdalis@inbe ReRBBBAOLA@EEN. AOhok-Nitiy PO&EHIOT ist Riaadium
i nvention and the ‘clains thereto pseudohal ogen is
ded¥ytredhlarlebe an azi de, an isocyanate, a thiocyanate,
an isothiocyanate or a cyanide, Non-liniting exanples
include alum numtrichloride, boron trifluoride,
gajob9eym t ri chihedGia, 1 3ansivis Aclds!tBeful in this invention have the general

formula MX5; wherein M is a Group 13 metal and X is a halogen independently
selected from the group conmsisting 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.

[0091] Group 13 Lewis acids useful in this invention may also have the
general formula: MR,X3, wherein M is a Group 13 metal; R is a monovalent

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



trifluoride. [0091] G oup 13 Lewis acids useful in
this invention may al so have the general fornula:
woOR0X867s7Wherein Mis a Goup 13 netal; R is arPCT/US2003/041221
nonoval ent  hydrocarbon radi cal selected fromthe
group consisting of C1 to Cl34al kyl, aryl, WO
2004/ 067577 PCT/ US2003/ 041221 24 aryl al kyl, al kyl aryl
and cycloal kyl radicals; and n is an nunber fromoO to
al'k 1 Ak yt@*l%ﬁ%yb@?ﬁ&@?ﬁQﬁ@fsl YnBRieat QnbdrdBrt 080 3; X is a
roup onsi st rine, chlorine, bromne, and
i dalogen 1m®émdeaﬁy}setehtedrﬁrmm.the<glmgp airsstibg of fluorine, chlorine,

p uedohal ogen. For . the r pos of th| i nventi.on and
g, me e P R BN goh e BEP PRCUPTBCOBbR. For

azthéiﬁ B8ksi ot UGN 3RbBon @nd BieQd¥ARAh&retPBkehdSHallRE YRR IRA to

or a cyanide. The term"arylalkyl" refers to a

r dui aahzido ranaisodyagatoor thiatyaphiet e isntioeyaneist o1ca Cyanlde The

struct,ur t,he .r adi cal

THEHE o ARy et to° Poredicel thgPlisil ot a BIRE, % gromatc

bafhicatdsPidirb@icaAndin At dleylSiokiioh U e, tefn €alk iyt atefers to a

being at an  aryl position. Non-limting exanples of

t lredieall confaining bath alinhiatiel anéd rrgmaticusitustines, da Fadésal deing at an

vl al.um
| 3%7211}%0? tlé’al W‘)& rrl:ij ﬁc Ie(g)( Fll?‘gle,s % W%E%M{pua%@dﬂné@% or#lgg]:mmum
dldfﬁﬂbﬂdle’;ﬂ Urthéthytalugdihehi dedicldbiiyd, aI Wenayleluminum  dichloride,
sesqui chl ori de, nethylal um num sesqui chl ori de,

t rip )Hg*lt Hrani fishoside t AiegDIgimaIng n orjdgo o smethylgjyminum
| |
RN ST Y RO SR

Grieizthy3alomimim amhieiethytali®Ginuns a nonoval ent

hydr ocar boxy radi cal selected fromthe group

consisting of Cl1 to C30 al koxy, aryloxy, aryl al koxy,

al fogo A" v! oxyGlr g' I‘SaL&leFimds%s@fdl‘ 2R %@'1&\‘&1‘[101?%8051% BEVE the
radi cal selected fromthe group consisting of

Clgeneatak formude MI(RO).& wXadnkiy IwhemnkM &y Oreund1 y@t@awhgmln RO

radicals a abov r fromaQ.
arta o AR BB p g ool B R elohB Cotind of o
and;,Malksxyl OkryldXye driialkoxs; a}f(y'lﬁrylaxiﬂ afadel’; R' is a monovalent
i ndependent | y. sef ected from the group consjistin

f |mf§1rfq>qadvon redicak selretedofromi We grariconseting of, &le@eaamﬂyyl aryl,
? al%l%}ﬁ%ﬁ’?l cﬁf%lo% y‘?radﬁ)csa %ﬁ%ﬁ% P28bvel g s éﬁtermber from 0

on an a| ns theret
to 3 a.nd m is an number from 0 to 3 such that the sum of » and m is not more than

3; X is a halogen independently selected from the group consisting of fluorine,
chlorine, bromine, and iodine, preferably chlorine. X may also be a
psuedohalogen. For the purposes of this invention and the claims thereto
pseudohalogen is defined to be an azide, an isocyanate, a thiocyanate, an
isothiocyanate or a cyanide. For the purposes of this invention, one skilled in the
art would recognize that the terms alkoxy and aryloxy are structural equivalents to
alkoxides and phenoxides respectively. The term "arylalkoxy" refers to a radical
containing both aliphatic and aromatic structures, the radical being at an alkoxy
position. The term "alkylaryl" refers to a radical containing both aliphatic and
aromatic structures, the radical being at an aryloxy position. Non-limiting

examples of these Lewis acids include methoxyaluminum dichloride,



pseudohal ogen is defined to be an azide, an
i socyanate, a thiocyanate, an isothiocyanate or a

W@ y@nioas77 For t he purposes of this invention, PEOEUS2003/041221
skilled in the art would recognize that the terns
al koxy and aryloxy are structygral equivalents to
alkoxides and phenoxi des respectively. The term
"aryl al koxy" refers to a radical containing both
al a ragd ei
2 BBk Rl CORHRHGE GBS oty S Beblorice
a madbx,;alm&hﬂhnmﬁnmg &ﬂbhd@l J’Z,ﬁkthttem-bal?dbheaommhethylalumlnum

structures, the radic belng t., an aryl oxy positioQ
NGHIQTIde 1SPRIGPOsYER w%lprlflﬁ dad P misdpaafi Py

met hoxyal um num di chl ori de, WO 2004/ 067577

PCT/ US2003/ 041221 25 et hoxyal um num di chl ori de,

2, [BGBB] t er t -Grotup| I3hbewix yealdsmisalnidlitlib lioventden mayeslbokgve the

th | 2,6-di-t - but
e g‘i gﬁ%ﬁu (ﬁgﬁg ﬂg.eXs qmg@b#l}%%;r{ éﬁuip ﬁgﬁq {%ﬁé&ﬁl,pﬁ erein
ar}@C%@”E’%VmHE&Méﬂt MG adRhbhiArhdital selddfeA3tor R Brobd selected

Lew s acids useful ih this i'nvention nmay al so have't
gehemndhe gmupumer@@:f@a)mF@schaemny,, arylaeylexyn amlﬁ&thcyloxy,

v AFORaPERRYT PR B BOPegiR dROTRE IR Hetelstodiom

f riagkdip ékfr@iéﬁn§ Rg,; Sthimg Byl Gayt, Chrﬂ@ﬁyﬁ'dﬂ@ﬂ%ypéﬂd cycloalkyl
aryl acyl oxy, %Ia kylacyloxy alkylar acyl ox
r aeflicals o5 detinadgibaverhis e almwer f 9@%@&%@# ds@pegper from 0 to 3

|
Sleﬁ?%ﬁ tﬂ%{% tfn!r: gﬁﬂé ro;flrhgiugf f)z R aﬂ%? '?Ifdarg ;]}1 rfgkclyg/:cj?l e %%ﬁ%ndependently
r %éldéﬂsldsfraﬁl thef groepl cahaweig of Iﬂﬁﬂoﬁn@u@@ﬁnef rhi)dimﬁlet and iodine,

and mis a nunber fromO to 3 %h t hat the sum of n
ariyeterably shloripgr & mARAlse; bexa p§u%ilo alogefen Foh thsppiaesss| Qf this
ej{n@&{‘tﬁ)‘ﬁ Pt él%n@sf g&t& g:_@élcﬁhhl%g r?fls ﬁ%ﬁi‘&rd' €be an a21de an

ori ne rom ne, Iodine, prefera | ori ne.

Neigoqylanate pea athnmyadamé} alangésvthiboyanttee qnurapazsfemdctf t fhs term

I ny I he cIa|rrBthe et o pseu al pgen. |
el PG T fled miee] CoRy IR Solh AP, b atomatc
anstfu%ﬁfrgﬂ OQNeanﬁHi%aprbéingyﬁﬂ' ge. afﬂ%cﬂ&fym position.  The term
‘aryl al ké'acy oxy" refers to a radical "‘containing both
C

al Tabydary lacelody ardfmest foc a xatlicat canteining fhetly aliplstic #rd agpmatic

at an alk l.oxy, posi.tion.
RO HRCHH B RRE e Hyau1Ss i ian. ee-Limiring, xegenles of
al fhpfRe®isndidariaamatd aeetdkydthinugs didHieideadtieaadyldgialigninum

at _an aryl acyl oxy position. Non-limting exanpl es_of
dibromide, benzoylokygallium difluoride, methyl acetoxyaluminum chloride, and

isopropoyloxyindium trichloride.

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

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



these Lewi s acids include acetoxyal um num di chl ori de,

benzoyl oxyal um num di brom de, benzoyl oxygal | i um
waledoswersitde, met hyl acet oxyal um num chl ori de, BETUS2003/041221

i sopropoyl oxyi ndiumtrichloride. [0094] The G oup 15

Lewi s aci ds have the general sformul a MXy, wherein M

is a Goup 15 netal and X is a hal ogen i ndependently

selected fromthe group consisting of fluorine,

. r . St h

yrﬂlngﬁlhg ?ex&&%%@gﬁ@]&dﬁa %gtlg‘]%g% éorgfep ﬁ{é%ﬁ'}w& dggéﬁéﬁle GrifGride,

t hésnputh rdchéeridef arkdhirenicnflvenide detraghbbridehe cl ai ns ther eto

pseudohal ogen is defined to be an azide, an

i socyanate, a thiocyanate, an isothiocyanate or a

)e{ €. Nomgjoly ?11t5' 1NGvi8 %R Beful 'i‘x?ltlﬁg Snvedfbh FRYYalso have the

hexachori de, i nony hexafl uoride, and arseni¢

pexeherfil fiomiwe. MRth -, Vlongin 18 isewi Sraup d§ matﬁl atvberein R is a

5835%3%%6%%?%%@%5%%@ B3ur R rire i gosating 241 to i
ﬂd&yﬁ'&h}lﬂﬁgﬂ aH@la@il' o] oﬁeﬁh&fyl FAidatke and@F,S€ B Enteger from 0
C

trlfluorlde smuth tri | ori de and arsenic fluoride
t doraghd Brd oied sq@ctba]n iSlesa phansy; Pe s shalegasindensndgntlyrselected

t vention have r

vy B S o of Qoo shline AR ol FHlef, protrably
mUMBHﬁeerK nﬁ?’@'lé@(lﬂf i’}.@d&udcﬂﬁld‘g@h Fot artmepdseoof thixcingémion and
consisting of C1 to Cl2 alk aryl aryl al kyl

althg |ckaips ther@t%yaqUéaM%enr mg%fmeé oabel 3 FAdeari ispegente, a
frtﬁ@ ?ana{e 1s¥tﬂlc§c te o dae ?f%)i‘/lﬁg ?’Héatte "'%?La%%?’hér&%& to a

hal ogén i epen Selecte
grradipalcansdising notlohlifHatiorand euomd{tioosttuw;resb rthesr'ramiéacal doithg at an
i odi ne, preferably chl orin

o gieaitige rheristn ¢ Y BN e Bt il pojeRinEdthaliphatic
fb&l chdldiict AelcakS, REE %Q&Ba”?l' BEBS dt Sarflahl NHitod. PN ANimiting

azi de, an isocyanafe, hi ocyanate, an

i sm:ampharsy afiathese rLeav1syancﬂsd enclifie tetraphehslagtimbRy | chloride and
refers to,.a radical.containing both aliphatic and
artﬁlﬁg‘fr}y %W%?‘ﬂ‘\r@%”det he radical being at an al kyl
position. The term"al kylaryl" refers to a radica

containing both aliphatic and aromatic structures,
t H809G]di caI @muiﬁnga ewiis agidsl ussBH iinithin inTemHon imax alggy have the

BB RN e 0 Gy im0
diighl rﬁém(ﬂ)alent hydrocarboxy radical selected from the group consisting of C; to
Cso alkoxy, aryloxy, arylalkoxy, alkylaryloxy radicals; R' is a monovalent
hydrocarbon radical selected from the group consisting of C; to Cy alkyl, aryl,
arylalkyl, alkylaryl and cycloalkyl radicals as defined above; » is an integer from
0 to 4 and m is an integer from 0 to 4 and y is 3, 4 or 5 such that the sum of » and
m is less than y; X is a halogen independently selected from the group consisting
of fluorine, chlorine, bromine, and iodine, preferably chlorine. X may also be a
psuedohalogen. For the 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



[0096] Group 15 Lewis acids useful in this invention

may al so have the general fornmula M RO nR nXy-(mtn);
wob@ress7M is a Goup 15 netal, wherein RO i SPEI/US2003/041221

nonoval ent hydrocarboxy radical selected fromthe

group consisting of C1 to C36 al koxy, aryl oxy,

aryl al koxy, alkylaryloxy radicals; R is a nonoval ent

hydr ocar bon radi cal selected fromthe group consisting

| a 0X
Cycﬁ(]alrfl%g&r X It¥fic afd Xllomau@rs‘(llu@dukéé thedalidchBbdthe aPen alkoxy

ical s as defined above; n is an I nteger
frp@mhoﬁ tThedteand'alkyldargl” amferntoeg eadlcalmmtalmmg botindlighatis and

4or550ht t mofnand inis..|less . than ..
yiargergte 3riclissedy FIGTAnH 1% oREATEH PEFGRT: naloR initing
OrRURpEONSHSt kiGe Ofevik UoddidRe, irfehlder i fe@raclhabaﬂm@oxyamnony,
i odi ne, preferably chlorine. X may al so

pshu@dthhangblnroanbmonhﬁdlMﬁmﬁl@mﬂrsmb ghlpmﬂémeﬁhgwaéme, and

thereto pseudohal ogen is defined to be an
azﬁ%‘é‘?m@ﬁnﬁﬁo&%f}gﬁate a thiocyanate, an

i sot hi ocyanate or a cyanide. For the purposes of this

invention, one skilled in the art would recognize
t H409The t erGasunl lléo&wérwldérwﬁ&yn His iyontiep gpay) also have the

Tf%l %’(er %Q}I%fl%/?amk bbs‘gf %(mf a raéﬁjcal E%p%%dpv%ymetal’

2 0QKeréia TRT+0PCTY bJSﬂGﬁkB/aMl&&ﬂlrochbaCﬂﬁi}alrﬁdlmj deteicted from the
al i phatic and aromatic structur S, ther di cal e|n
aterawp agaesisyng pekita da. Crnerlkasy A Kylagyiory. gy I%{:}blox%

< ta{rl%q%&?zxjggﬁﬁ?trgﬂl%lggﬁbﬁ %m@hb@a‘i‘é}ft' dd boﬁrrgﬁ%ﬁl' &lected from

he radi cal being at aryl oxy position.
Nathe Igkatipt congistieg afifth ae ©f alkybsayl, enylslkyl;iatleylanyt hodi eycloalkyl
antj non

tet hi t.hox .
G HIEHI £ EPRE AP i B GLeEetifEat ) e i iptsger from 0 to

ch grpdiiest hoxwahh iRt tAO gumdiffﬂ M ﬁzm@tIE@Wﬁ{ $i R€is a halogen
[0097] " Goup 15 Lewis acids useful in this invention

rragadqjegderh]a{vsglqctﬁel frg@rﬂgc gromqmm‘ang of ﬂuorme chlorine, bromine,

n R | wheg.ei
V\hag'iﬁ_cﬁ E%X?/ag Y/ c%ﬁlgval gﬁ?laﬁya F’%é’gr %apc F%")%??/‘ ggdl ca‘fr the
Ieli 8688 of HaMidveationd b theCldilgisShére® Beudchala@edddefined to be
a

acyloxy, aryl acyl oxy, aryl al kyl acyl oxy
al 3y fylaaclwcdﬁyatﬁ,a@ﬂg%ﬂy@atq ary @ot&nqgéfﬁw%‘pé gtcyanide. The term

hyv | e
%Eﬁ&l?&%gﬂg 5 fa]ﬁﬁ% CBﬁ)t'éﬁ ﬁé" %og{ %ﬁﬁha{uc and aromatic
aI dtpicansy, ared myltdababdnyg at aaim Ca]kya@éoﬂef pammbrabovﬁhe nterm
isaninteerfro 0to {jlnlsanlntFerfo
"alkylarylacyloxy" re ers to a 1ad10a containing both ali ghatlc and aromatic
t o alkylarylacyloxy"
structures, the radical being at an arylacyloxy position. Non-limiting examples of
these Lewis acids include  acetatotetrachloroantimony, (benzoato)

tetrachloroantimony, and bismuth acetate chloride.

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

methylaluminum sesquichloride, dimethylaluminum chloride, boron trifluoride,



4 and y is 3, 4 or 5 such that the sumof n and in is
less than y; X is a halogen independently sel ected

WO e@ai0615e7 gr oup consi sting of fluorine, chloriP€r/US2003/041221
brom ne, and iodine, preferably chlorine. X may al so
be a psuedohal ogen. For the ,purposes of this
i nvention and the clains thereto pseudohal ogen is
defined to be an azi de an isocyanate a thiocyanate,

a hj
" glr%fﬁ%k acy#;me’ "e%;'e ers olglglmrla‘gﬁ g}olﬁ al %l%thy%unﬁnum

alseqfuidhil@ridendirgr@efetied. structures, the radi cal be| ng
at an al kyacyl oxy position. The term
"al kyl aryl acyl oxy" refers to a radical containing both

alfbgdut | ¢ andvat 9Bl isficn 8 EAAYIAIGnd R f(ﬁﬁx%bncg%géf&%cauy

aryl acyl oxy position. t1ng exa
t hbmgnd:cbweek]gcmbsdmamigj ilfbewasc etidt ctet nadB(CeFDantd atsnysuitable

ﬁrnzoatgg E@d achi oro m)n and bi snuth acetate
35 adds Y g‘ ?%]rt‘f"?té’ IPY/e i°8f erred Lewis acids

may be any of those useful in cationic polynerization
of isobutyl ene copol yners including: alum num

t rlntiatagr i de, al um num tri broni de, et hyl al umi num

di chl ori de, ethylal um num sesquichloride,

di et hyI al um num chl ori de, nethyl al um num di chl ori de,

(%' um rMuma&Rs Guéfkh |11§) rthid €invehtivat ! @bseTinidifors which are
chI ori boron trifluoride, W) 2004/067577

PGPSR 06 @ﬁmg 1emplexed inja swiabln diberteihdhe ghoseatlewis acid to
w tlélde%h? lge %Hfghdbg)hch rfqu W[?IBOBE]\/ ?‘Jgggnstﬂ%g%}a forming a

sesqui chl'o eing er't 64
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hal i des, such as
[00101] In one embodiment, the reactor and the catalyst system are
substantially free of water. Substantially free of water is defined as less than 30
ppm (based upon total weight of the catalyst system), preferably less than 20 ppm,
preferably less than 10 ppm, preferably less than 5 ppm, preferably less than 1
ppm. However, when water is selected as an initiator, it is added to the catalyst
system to be present at greater than 30 ppm, preferably greater than 40 ppm, and
even more preferably greater than 50 ppm (based upon total weight of the catalyst

system).

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

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



(CH3)3Cd, CeH5C(CH3)2d and
(2-Chloro-2,4,4-trinethyl pentane). Mire recently,
wo e@asstsion netal conpl exes, such as net al | oceP€BUsIVA3/041221
other such materials that can act as single site
catal yst systenms, such as whep activated with weakly
coordinating Lews acids or Lews acid salts have been
used to initiate isobutylene polynerization. [00101]
I [ , e h
| bR Eeﬁlé?a}gta?a L esfdla REAGT LA gttan%ga?alﬁrym YfHeE Mikyl
ofhalidé¢ e:ryhlmhdkefalhydaﬂy]dmhlde,sm arylalltry30id hadide.( based u pon
total weight of the catal yst systen), preferably |ess
than 20 ppm preferably |l ess than 10 ppm preferably
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ter is selected as anlnltlator
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refer greater than 40 ppm and even nore
g}%‘?agw@?ré%% er than 50 ppm (based upon total

vvel ght of the catalyst system). [00102] In a
preferred enbodi nent the initiator conprises one or

mdf81ed] a rBrafeogé rcarimwhe acalsmrsbléﬁ@uhoth abiplpticaand aromatic
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halcktile, acl, t gobardiyy aaidkytbuta\&‘@w?%fw Ocﬁﬂl’ia?ﬂic acid, benzoic ac1d 1-
PCT/ US2003/ 041221 29 ester, a terti ary .aral kyl ester,

a ahoroacetly agidy fichlorepsetic acidefrichlorgacsiiapgigy trlé'&ﬂﬁg}aceﬂc acid, p-

kol 3 bl v i oy

h aicllctiand:lndct irehlreacetichaidigrifiyoioagein achl, and plluordbgnzagend.
brom de and hydrogen iodide. A particularly preferred
hydrogen halide is hydrogen chloride. [00104]

Prgbgggied c aCQB&Y}lHCC a@g| lga?ndbi‘ QJ.lsé’ﬁF 9n bcﬁfs 1rﬁfleh1ﬁ’<ﬁﬁtaiﬂec s@ithr in

aromati'c carboxylic acid | es of carboxyl
acstwstlmsaf uehrboxyltcm@ds wvch rth¢ embStlmtiouoté a halulei for éhﬂ @H of the
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Palenavauinathieyprint e prc ane skibled yn ithe ashauldj bec fageiliar with these
:)rérfézlcﬁlr acedarlgm(ggllh da.cui rﬂahh&o Lo&at %11 Cthﬂcinqren%d include acetyl

or 0benzor ¢
chloride, acetyl bromide, cinnamyl chloride, benzoyl chloride, benzoyl bromide,

trichloroacetyl chloride, trifluoroacetylchloride, trifluoroacetyl chloride and p-
fluorobenzoylchloride. Particularly preferred acid halides include acetyl chloride,
acetyl bromide, trichloroacetyl chloride, trifluoroacetyl chloride and p-

fluorobenzoyl chloride.

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

trichloromethanesulfonic acid and p-toluenesulfonic acid.



[ 00105] Carboxylic acid halides useful in this

invention are simlar in structure to carboxylic
w@eidsexsrt h the substitution of a halide for tPer/Os200$/041221

the acid. The halide may be fluoride, chloride,

brom de, or iodide, with thesghloride being

preferred. Preparation of acid halides fromthe parent

carboxylic acids are known in the prior art and one
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p- toluenesulfonic acid. WO 2004/ 067577
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useful in this invention are simlar in structure
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aC|dﬁgalideﬁ f#on1the parent sulfonic acids are known
opyiaghthalepe.and one skilled in the art shoul d be

famliar with these procedures. Preferred sulfonic

acid halides useful in this invention include

me{ 0O sul f drpferreh| tertiae, aliggt ad e swallfyd niplitidters nimgbude  tertiary

trichoronet hane fo ride,

{ (PRI APHATRELPY BhgProih BIPE and

p-t ol uenesul fonyl chloride. [00108] Al cohols useful in

this invention include nmethanol, ethanol, propano

2- propanol, 2-nethyl prop#én- -oI, c Iohexanol, and

benzyl al cohol. Phenol itgl in t\his invention

i ncl ude phenol ; 2-nethy phenpl; 2, 6-\di et hyl phenol ;

p- chl or ophenol ; p-f Q9L+__§(
2,3,4,5,6-pentaflu phenoll and
129

n

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



2- hydr oxynapht hal ene. [00109] Preferred tertiary al kyl
and aral kyl initiators include tertiary conpounds

wo egmpesnt ed by the forrmula below R3 Rl C - XPCRRSI003/041221
wherein X is a hal ogen, pseudohal ogen, ether, or
ester, or a mxture thereof, ;;preferably a hal ogen,
preferably chloride and R, R2 and R3 are
i ndependently any linear, cyclic or branched chain
al , -Qr , n
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For the pur of thi's 1 nventi’'on and any clai ns
2020%4 Gﬁlseﬁ?anﬁbtﬂﬁlhﬁjﬁﬁl&s/ 041221-chidflo- ﬂhﬁ@tbyleﬂlyﬂleyi@bkyl 1-

ibtoreA R aaRE o LT OROL SRR or rad SRaUSre]-Hethy1EthyD)
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bromo- 2, 4, 4-tri met hyl pent
-tUHietlryh)emanet hy} pr o%hmoylzxy&%ﬁﬁ4meﬂw tieptape;o padeacetoxy-2-

2
hﬁr@%@aﬁ% nt a?rel}eﬂg‘?}ﬂ hy?p Ot@%i?gr o2 " Pietoxy-2,4,4,6.6-
hﬁ)ﬂ flyMEpRABZ eNe beh I404 6 BA L AR hept 1-acetoxy-1-
1IR(?hI oreogltﬂyh%?l benzenee %Loﬁ% bi s( 1-chl or]g}qll?pngeh I etaﬁ)?lox_y
bengibylethybenzane; b@@@thmd@nm@ee - W@ylexyﬂlwébwp@ HyA- §ns<1-
benzene t I a
> BERSE B DB e ttnds bR P L pctgp-pmerhylethyD)
naiehyéue[ Opa@meﬁthWB;Q&dtﬁmyﬂ@}péﬁfahyl pr opane;2-isopropoxy-2,4,4-

2-acet oxy-2,4, 4,6, 6- pentanethyl hept ane
2-tgBsHeRentang; %net@xge%wﬁfmgw@pf %ﬁ%zyiqua% e%eéaaglprppane 2-

ad anmant ane;
TS, PSP AS ctyRRSRRY 20Tl 2Nl disomopony 24466
agehtaxettyd naptdngl e.’[-h}dtl)mdyehmﬂedeﬂsylberzbn@utlymethpgyaldhmentane'

. REEIORyethy Bobhey i p e el imedlethyl beuepessS ergbutyl-

1,3-bis( 1-methoxy-1-methylethyl) benzene and 1,3,5-tris(1-chloro-1-methylethyl)

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

isocyanate, a thiocyanate, an isothiocyanate or a cyanide.

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

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



trimet hyl pent ane; 2-net hoxy- 2-net hyl propane;
2- benzyl oxy- 2- net hyl propane; 2-

woreiohosypi2, 4, 4, 6, 6- pent anet hyl hept ane; PCT/US2003/041221
2-1 sopropoxy-2,4,4,6,6- pentanethyl heptane; 1
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1, 4- bi s(1- met hoxy- 1| - net hyl et hyl ) benzene;
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pat ent 4, 946,899, which is herein incorporated by
reference. For the purposes of ‘this invention and the
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ol ef in polymers include polyisobutyl ene,

pol ypropyl ene, and polyvinylchloride. The polyneric
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pevoeimhex(es) chesginnilesatibed: help 6l preserradasrabedisent,nthe Lewis acid
duct i i . i .
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nuireent &Ngboup60 eimsstthe imdlbeohalitxgenpresas Inn fikther preferred
ol efin polymer. Ljikew se, the use of a WO 2004/067577
pemtodiney; theiboris apd eamitittang Rrescnt & grypEhsifdfom about 0.8

hak |, demk %)ﬁésac}f‘?ﬁitigﬂ'op ﬁfeggxﬁ t@ fﬂgﬂgﬁ hedinfRinPhery [%g ggti%)r present.

product Ich may cohtaln copol yners.
Palnt 4 prdfarddy epbediarent thel mitidteat srsresamy abenpwherofframabeut 0.1

useful in. cationic polynmerizatign of isobutylen

COIBS% ﬁ%rp]éte]i A Bﬂﬁ fpg: mﬂéa Ipsrg]é Lo |1%?€ ca)él,rse undgrs?oo% that greater
2- &L QEOsothiSotihitaR): RYd #BNWARS the scope of this invention.

2-chl or o- 2- net hyl propane, 1-chloro-I-

nmet hyl et hyl benzene, and net hanol. [00112] Catal yst

sy conmpasi tions useful in.this jnventi.qn Fcal Ly
co@h?@e (1) &n ARTPY R otﬁe acr?gahfsﬁ)e@lﬁz%fnpylgcﬁi%’\éﬁa oh désired
ComBlethlat Gleight ahdehorellal weighpdix{tesibnhef ehé polymer being
described. In a preferred enbodi nent, the Lews acid 2
produced. Typically the range will be from about 1x10™ moles per liter to 3 x 10

moles per liter and most preferably from 10" to 107 moles per liter.

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

instances are novel catalyst systems.

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

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



coinitiator is present anywhere from about 0.1 noles
times the noles of initiator present to about 200

wo 2oved6tshe nol es of initiator present. In a fuPChes2003/041221
preferred enbodinent, the Lewis acid coinitiator is
present at anywhere from aboyi 0.8 tines the noles of
initiator present to about 20 tinmes the noles of

initiator present. In a preferred embodi ment the
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either does not coordinate to the cation or ichis
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The ani on nay be conbined with the cation by any
met hod known to those of ordinary skill in the art.

F%egéy IB%)OI'dlnar}l preferred embodi ment the

[00117] Any metal or metalloid compound capable of forming an anionic
complex which is incapable of transferring a substituent or fragment to the cation
to neutralize the cation to produce a neutral molecule may be used as the WC
anion. In addition any metal or metalloid capable of forming a coordination
complex which is stable in water may also be used or contained in a composition
comprising the anion. Suitable metals include, but are not limited to aluminum,
gold, platinum and the like. Suitable metalloids include, but are not limited to,
boron, phosphorus, silicon and the like. Compounds containing anions which
comprise coordination complexes containing a single metal or metalloid atom are,

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



WC anion is introduced into the diluent as a conmpound
containing both the anion and the cation in the form
wo@bRootloe75atti ve catal yst system | n another preP@r/psmo3/041221
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the anion and the cation. Wakly-Coordi nati ng Ani ons
[00117] Any netal or netalloid conpound capabl e of
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ggnsferrlng a substituent or fragnment to the cation
Weralize the catlon to produce a neutral nolecule
may be used as tgf d-1n addition any netal or
net al | oi d capabl Mf a coordination conpl ex
Whiheil,S Stable in mater may al so be used or contained
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known and many, ﬁartlcularly such conpounds cont ai ni ng
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are preferred. 100 genera WC ani ons may be

r epr esemisgle twalmhmbﬁmﬁlcgm gqg@der al  formul a:
[(M) mi_(%s an 1ntegeq] éreaterv)(ﬁan ot equal to 1.

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

described for use with the anions. For example, CppZrMey 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.

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

[BAr ArpX3X4]”
wherein:

B is a boron in a valence state of 3;



M is a netal or netalloid; QL to Qn are,

i ndependently, bridged or unbridged hydride radicals,
wale@kiyisam do radi cal s, al koxi de and aryl oxi dePCT/US2003/041221
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arl@03812 ar e Intgsnetahedurandi Afe et ingeperdentdy.die any aromatic of

substijtuted-aromatjc _hydr di cal t
et RtdoRRerto TogieRor STy AR el ide, but
%gﬁ(% 1 d@%h%}%?? ha fl ﬁ&&ﬁ&ﬁa&"chﬁgswakﬂé QiRiituents

in epe y, hydride radical s,
hyﬂnthe anlbsyﬂtutadrdlonmmbﬁtyldmmﬁxzbnhydicds,andyde rbad mmﬂmi necessarily

RGP AR R o TEsRmE R o el Adsy and aryloxy

Or g&RANEH Adrb OByl A ﬂ@ér@h¥&b§d¥9ﬁt faliiehB ChndP¥hE AikedRBh as those
radi cal’s, substituted chal cogen radicals and halide
r agehdbs X3Van1dhX4 hdhe substituent may be ortho, meta or para, relative to the

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

hydrocarbyl radical, each may be the same or a different aromatic or substituted-

aromatic radical as are Ary 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.

[0012Z] Ilustrative, but not lifniting, 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.



proviso that X3 and X4 will not be halide at the sane
time. [00121] In general, Arl and Ar2 nay,

w0 p@epersdent |y, be any aronmatic of PCT/US2003/041221
substi tuted-aromati c hydrocarbon radical. Suitable
aromatic radicals include, bugy are not limted to,
phenyl , naphthyl and anthracenyl radicals. Suitable
substituents on the substituted-aronmatic hydrocarbon
r S, ing
¢ UL o EpHAE R o, BRI HonRAERT Rihigihing ol dbrals and
almﬂxlj(mémdzhmhyéreweﬁﬂ asliWeal ajorfsl may beandslgl banshch lists are not

or ohydr ocar byl radjcal.s .and the, |ike as,t hose
e HECoR e APl SCIDSE DS TS L i b RO that
{Tﬁcfé@ g&re%&ﬁ%%st FEhet in¥éhde® th R exgBhdRe ﬁﬁioﬂﬁﬁt BaeAestiPboron

tom When either or both X3 and X4 are a
hybngpoandsy hs waHI|asalsgaﬁ1éacommaydsb@or1tmmngaﬁherome‘@1s or metalloids

di ff aromatic ubst a di cal

e PR ot 19,3088 SRS 5P BRh it e Beral
braaebesh atl fovulagl kenyl or al kynyl radical, a cyclic
hydr ocar bon radi cal or an al kyl - substi t ut ed cyclic

hydrocar bon radi cal. As indicated above, Arl and Ar2
ked t | X4, Fi . 3
SRS o ReFihial 1Bai § dfont KPBbifing Bordlthay be

Stﬁep@mr@ecwy ﬁllfcsmav@ﬁgg@nerélqaﬂra@h. Il'lustrative, but not
limting, exanples of boron conponents which nay be

used as WC ani ongB€el'5)3&t aval ent boron conpounds
such as tetra(phenyl)boron, tetra(p-tolyl)boron,
t eVheiei8 t ol yl ) boron, tetra(pentafl uor ophenyl ) bor on,

tet - di h t gt
etr a( ;‘/J]T gs}gfrl]d}ﬁe 1, ﬁh:%fﬁ@n) ;Qﬂr]?n nd' & a&@gﬂhﬁﬁ% ed above Illustrative

di met h boron, (p-tri- uoronet phenyl ) boron
anshttdve limking, ‘é@rﬁﬂ@ﬂ/dﬁ&h&s‘é?pﬁféﬁddszmlaﬁmmZcbmlﬁﬁmg boron

L0123l a oL a0, Lats @i ouihall Sy A0MRONPILS) as pethst, bury

us§ficidheRs, W:pl?e'ﬁ'yp 55 wiB Q85 HRASmAIH hyrkEdhrthyl Sn&erfﬁute chain

not' deened necéssary to a conplete &ﬁgclosure

t hliesgth eyer a, poltstysbiesu palyireprese e mbaparamh@yfsarre@m i n g
list is not intended to be exhaustive and that other
useful boron conpounds as well as useful conpounds

copb#23]i Ng Opdighefiet@Isabattudiid ahlthé dsost Waeteed@nion offer the
readl |y apparent to those skilled in the art fromthe

ordvgoiRer) of eriding aghighlyssalele apnterchangq a@ivator component and

final catalyst. Soluble catalysts and/or precursors are often preferred over
insoluble waxes, oils, or solids because they can be diluted to a desired
concentration and can be transferred easily using simple equipment in commercial

processes.

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

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

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

wherein:



[00124] A particularly preferred WC ani on conpri sing
boron may be represented by the foll ow ng general

wo evoriob=77 [ B(C6F5) 3Q) - wherein: F is fluorine, PQ/US2003/041221
carbon and B, and Q are as defined above. Illustrative
but not limting, exanples of;;these preferred WC
ani ons conprising boron triphenylnethyl salts where Q
is a sinple hydrocarbyl such as nethyl, butyl,

cycl ohexy, o ;@%g}glanarx é,?in@e}},e%d@m L%gﬁ&g Gadicals, halide

hydr ocar’byl’ "of i inite chain Tengt

PQhJiGALY, Efy@rodaftyy i saldadd)e substitied Yy @dcabpl bl eRdocarbyl
[00125] Polyneric Q substituents on the nost preferred

arfhdigalpfubstitpted-hatogorbnt wdicals ophyirpenthyl- ar helgearhyl-substituted
sol ubl e | on- ge activator conponent and final
caotr%%?s e&ﬁ%gffé%*lgﬁtat al ysts and/ or precursors are

of ten pF &f erra@eition ehictal, peeftiablyca Wexpss, Qi 6110 adetspbieddrably

because they can be diluted to a desired
c avekehicpBalt Br¥Hd can be transferred easily using

si npl e egUiPIERLebdls SQMErCcial  processes. [00126] WC
ani ons contal ni ngéa pltrality of boron atoms may be
r epr esenis ed iltygdrirel ;f ol | ow ng general fornul ae:

[ (CX)a(BX )mX"'b7c- or X6) a( BX7) m X8) b] ¢-12Tn+i d-
MereirﬁﬂLM%e&FW%ﬂf{?ﬂ% m}&é @P%Mul 7 X X,
X", X6, idersasabby, hydride

r adi cal%?gﬁg@%ggﬁm?gﬁlfg(gﬁg, ﬁydr oca>r/byl radi cal s,
subst i tamneld drg dheowarcoyla diffeicotintsgeh &t ocar byl

radi cal s, subtst [ %{L;#_ed- hal ocar byl radicals, or

hydr ocdt B 68 hat>ocar byl - subst i t ut ed

or ganorget gl ©:dn edghi-f@hbered irtSzed floha & ddoangnet al ,
preferably a grouP 8, 9, or 10 netal, preferably
ni ckel ,mds#mingegsr frpmdhto about 12;

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

d is an integer > 1.

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

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

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

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

satisfying the general formula:

[(CH)ay(BH)my(H)by]cy-
wherein:

ay is an integer from 0 to 2;



a and b are integers >0; cis aninteger >1; a + b
+ ¢ = an even-nunbered integer from2 to about 8, m
WO g00a/0675mt eger ranging fromb5 to about 22; a aPdI/bSO®041221
the same or a different integer O; c is an integer >
2; a+ b + c = an even-nunbergd integer from4 to
about 8, mis an integer from6 to about 12; n is an
i nteger such that 2c - n =d; and d is an integer >
1. [00: 7i%a§’f1?c9%€r%n?f)t@§-efe”¢d WC anions of this
invention conprising a plurality of boron atons
i ncl udey i6 ap ivgedro fimnel or 3;,car bor ane ani on sati sfyi ng
the general formula: [(CH) ax(BH)bx]cx- wherein: ax is
ei t her qy%{’yi;cy_eée is either 1 or 2; ax+cx=2; bx is
an 1 nt §g¢ks APREHBOrbMABLAIPtabdE 1P 022 Or (2) A
borane or carborane or a neutral borane or carborane
conpour(@) sahinsftaliahgranp er gstidleedrbéreneramign satisfying the following

[( ay(B (H)by] cy- wherein: ay is an integer from
o%ceg‘%rfﬁ‘\%%%om 067577 PCT/ US2003/041221 38 by is an

I nt f Ot ¢ ' hht 0to 3;
| eger from O t Ry, () ANELREgMEEfD T 0

wherein:
az is an integer from 0 to 2;
bz is an integer from 0 to 2;
cz is either 2 or 3;
mz is an integer from about 9 to 11;
az+bz+cz=4; and

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

[00128] [lustrative, 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(lII),  bis(undecahydrido-7,8-dicarbaundecaborato)
ferrate(III), bis(undecahydrido-7,8-dicarbaundecaborato) cobaltate(III),
bis(undecahydrido-7,8-dicarbaunaborato)  nickelate(IlI), bis(nonahydrido-7,8-
dimethyl-7,8-dicarbaundecaborato)ferrate(IlI), bis(tribromooctahydrido-7,8-
dicarbaundecaborato)cobaltate(III), bis(undecahydridodicarbadodecaborato)
cobaltate(III) and bis(undecahydrido-7-carbaundecaborato) cobaltate(IIL).



nmy is an integer fromabout 9 to about 18; or (3) A

net al | aborane or netall acarborane ani on satisfying the
wo edokoeismy general fornmul a: PCT/US2003/041221

[[[(CH)az(BH) nz(H) bz] cz- 12Mnz+] dz- wherein: az is an

integer fromO to 2; bz is apn integer fromO to 2,

cz is either 2 or 3; nz is an integer fromabout 9 to

11; az+bz+cz=4; and nz and dz are, respectively, 2

and 2 or 3 and 1. [00128] Illustrative, but not

limting, exanples of WC anions include: carboranes

s|j60i129% doddihabiV@t ayionl emanivisitionslevagsoprefared for forming the

dodecachl or ododecabprate, 1 -c rbadectabor ate, .

1_ce@fyﬁga)é§§%d+sg§ n this I?IPF?‘?étaﬁ‘il ?%qsp ﬁop aining a trisperfluorophenyl

- REQRdacRARh B RorTBRAANEbGRH CALOPT a8 COMPkeXe® abf more

salts of borane and carborane anions such as )

d édspotaiinelophynyl 7hgonl iaptonbaepsisovaenslyl Bynd 2o 2 central atomic

dh@grb undecabor ane( 1 % .

u TR RSHIRF S PR SOPIRLPHA PARIE- 4 ¢ ar baundecabor ane,

6- car badecaborate(12), 7-carbaundecaborat e,

7, 8- di car baudecaborat e; and Metal | aborane ani ons such

agCationicrre ti do- 1, 3-

di car banonabor at o) cobal tate(l11),

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

f go0E30¢( | | | )In various preferred embodiments of this invention the WC anion is

bi s(undecahydri do- 7, 8- di car baundecapor at 0) )
Cd@g}bﬂlﬁdemt |one or more cations that are selected from different classes of

bi H[rﬂd? Lda= 1, 8- di car baunabor at 0)

ni%&e a g%??{% g&glce;s( nonahydri do- 7, 8-

di met hyl -7, 8- di car baundecaborato)ferrate(lll),

bi I brompoct ahydri do- 7, 8-

di o} undec’gf’&&%f)é?ﬂ‘@g%ﬂ}sfeétaé@(ﬂ 1,

bi s u_ncmahyé}uog&el%&i@ﬁgad&%ﬁaaoa@w) compRabd adfi | dekivatives
and bi s(undecahydri do-7- car baundecabor at 0)

cobal t at e( | IthgreofAD 2004/ 067577 PCT/ US2003/ 041221 39

¥ g?rlnzg]g(Bg RZ a\AS(I:Jb%H%u?e% SO 1(')1% WhOSe gcprrslf)osﬂ{o%flesrrégrgsgn%rci by the

formula:

wherein R1, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably C1 to C3 alkyl, aryl, aralkyl groups or derivatives thereof;

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

1
R~ S+i —R,
wherein Ry, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives

thereof, preferably C1 to C3¢ alkyl, aryl, aralkyl groups or derivatives thereof;

(D)  compositions capable of generating a proton; and



catal yst systemused in this process are those
containing a trisperfluorophenyl boron,
wo edonapmsnt af | uor phenyl boron anion and / or tweCDUSI003/@41221
tri spentafl uorophenyl boron ani on groups covalently
bond to a central atomc nolgcular or polyneric
conpl ex or particle. Cationic conponent [00130] In
various preferred enbodinents of this invention the WC
ani on | C t
selectég) gﬁ?@ﬂ??é%%5§u 35 o%ﬁmcgékgﬁéjgﬁ ég%ﬁgﬂlmf
sour ces. [Oﬁaﬁéémﬁdﬁqwheﬁhﬁﬂﬂad cl asses are: (A
cycl opent adi enyl transition nmetal conplexes and
derivatives thereof. (B) a substituted carbocation
whose conposition is representﬁg by the fornmula: Rl
I RRC-R3 wherein R, R2 and R3'are_hydrogen, alkyl,
aryl, aral kyl groups -or derfaali veEs t her eof ,
preferably G to C30 al kyl, aryl, aral kyl groups or

33@? Sty 73,8 ise%rs PRI R, Gl o e
tt?{ljeo Eﬁf{i@@& Aﬁg}geﬁ? L E?ﬁl@lg (ﬁ%’pﬁ o?gglnvatﬁ%&ﬂereof and

pq@fgqﬁpgﬁogpbto C30 al kyl, aryl, aralkyl groups or
derivati'ves thereof; (D) conpositions capabl e of

generatlng a proton; and WD 2004/ 067577
Pg! S ! ationic conpositions of

by the fornula

= of which are represented

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

particularly a zirconium, titanium or hafnium compositions.

[00133] Preferred cyclopentadienyl derivatives (cation sources) that may be
combined with weakly-coordinating anions are represented by the following

formulae:
(A-CpMX; T,

(A-Cp)ML*;



RL R -R* -R 3 wherein R, R2 and R3 are hydrogen,

al kyl, aryl, aral kyl groups or derivatives thereof,
woe@hesmbly C to C30 al kyl, aryl, aral kyl gr oRQEUS2003/041221

derivatives thereof, and R* is Ge, Sn or Pb. A

Cycl opent adi enyl Metal Derivafives [00132] Preferred

cycl opentadi enyl transition netal derivatives include

transition nmetals that are a nono-, bis- or tris-

cycl opent adi enyl derivati ves qf a group 4, 5 o0or 6

transition netal, pPef%¥abl nono- cycl opent adi enyl
(Mono-Cp) or bis-cycl opent enyl (Bis-Cp) group 4
transition nﬁtgl conposi tions, rticularly a

zirconi um t um or haf ni um,conpositions. [00133]

Preferred cycl opengadi enyl defivativ (cation
sources) that may hg, conbined with X

weak! y- coor di nati ng ah¥ohsYhre represent edahxj/ t he
following formulae: (A Cp) MXf+, (A-Cp)M+; p,. Y
Mt Cpl WD 2004/ 067577 PCT/US2003/ 041221 41 (C Hs
5yxx)((ACI¥M gx)y(Zly);and(CSHS 5-y- X

X ) R’ \M+
N

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 (C5H5.y-xSx) and JR'(7.1.y) groups;

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

yisOor1;

(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;



Y wherein: (A-Cp) is either (Cp)(Cp*) or Cp-A -Cp*;
Cp and Cp* are the sane or different cycl opentadi enyl

WO 2ovgeesabstituted with fromzero to five subBRCT/USHNS/041221
groups S, each substituent group S being,
i ndependently, a radical group which is a hydrocarbyl,
substi t ut ed- hydrocar byl, hal ocar byl ,
substi tuted-hal ocarbyl, hydrocarbyl-substituted

Or ganorygb 1: & %’a hé?@ljo o] t%énd%ﬂ%h&ﬁ §‘t1§g§u%u§) 15 element with a

organonet dISU ed boron
PriobtReRion imkbet iof Wiresl of Bar&ROER efémehﬁmtﬁ%cdcﬁdmﬁ@érﬁnumber
or Cp and Cp* are cyclopentadienyl rings in which any

t vid 2atijederably nEregesuphyspiraug, okrgm (fréﬂlﬁlhg a C4to C20

| |
R B, AR RIR e 1,
t he cycXopentediaehthdépaddendlysa V\Iﬁycﬁi’de | fadedagOhydiocdbd tlical,

the netal atom A is a bridging group, whi ch group
rTasmbs;t&n’(sed hydrcrcetblyl reclicatl,dtaddcaryl cddlctaﬂlsuﬁptltuwddlamafbyl radical,

a@%phy&iroqg V&t a%i ﬁﬁ ?:fgﬁ{']ld%% Z_gﬂ'orgg.r!?%{eg:ﬁg)% fa crﬁ substituted

Fﬁt&?gfeﬁ%&kav 8r ﬁlbgﬂﬁkéa%akagému calkl & Subst i t ut ed
W

fomzerd to five Sradicals; X Is from0O to 5
denot i ngis dmeolelmydedeidf osaryse ligand; ong nan®ap DeWisIHF&S 77
PCT/ US2003/ 041221 42 JR (z-l-y) is a heteroatom
ligand in which J is a group 15 elenment with a

olégoﬂsﬂat | onA AdiTBRdl §tlo rrgsﬁteﬁelgﬂ o@nﬂfoﬁﬁ@s ieh eia@nwtlsed in this

h a coordination nu , referab?% nitro
pn@wﬁ@nwge deseyiged in .S Ratent No!' 508543 by 02 6B bk by, 19 401 and
abI k [ nd X1 are
[ ndg %G?en y %re%%/c o eeér”e)\ gefglégce:h})éé?iocar byl radical,
subst i tuted hydrocar byI radi cal , haI ocar byl radical,

substituted hal ocarbyl radical,
B. Substituted Carbocations

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

Preferred examples include substances that are represented by the formula:

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

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

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

significantly enhances the polymerization of isobutylene.



and hydrocarbyl - and hal ocar byl - substituted
organonetal | oid radical, substituted pnictogen

WO awio6id577 or substituted chal cogen radicals; aPdI/iS1083/041221
an olefin, diolefin or aryne ligand, or a neutra
Lew s base. [00134] Additionak cycl opentadi enyl
conpounds that may be used in this invention are
described in U S. Patent Nos. 5,055,438, 5,278,119,
5,198,401 and 5,096,867, which are incorporated by
reference herein. B. Substituted Carbocations [00135]
ArtSubstitpted fSilyHed Gaionse for the cation is substituted
carbocations. Preferred exanples include substances
that are represented by the formula: R | R + CGR3
Wgofle] R IR aheinéB ?&efr@@ep&ﬁgﬁﬁﬁll&ﬂt, hygieg®fed Ofsilfium
li'near, branched or «cyclic aromatic or aliphatic
groompesitipns fpeefetably wisahstituted Gitgliem empositions aiei gimahines with
ar . proyided that only_ one of . R2.or R3_may be
B Gl POz atrit PG SR GRS RC oot ggbgented
R3,vah€ fdfmub-ef erred aromatics include phenyl, toluyl,
xyl'yl', bi phenyl and the like. Preferred aliphatics
i nclude nmethyl, ethyl, propyl, butyl, pentyl, hexyl,
octyl, nonyl, decyl, dodecy}, 3-nethylpentyl, 3,5, 5-
trimethyl hexyl and the liké*l1n a particularly
preferred enbodi nent, when R, R2 and R3 are phenyl
groups, the addition PfranSyHphflic or aromatic
al cohol significantly:%nhamces t he pol ynerization of
i sobutyl ene. WD 2004/ 067577 PCT/ US2003/ 041221 43 C
Substituted Silylium Cations [00136] In another .
prefheeindt, BorbeiRper indspandenthubysiiogsn, 91 4 lingar, branched or cyclic

cooan pERThaRt ETRERib L PR LT ghl of K12 and R may

MOBORRIrSgenPPRffatbIgdnsid i RUMR Latd R sreail ePteli@siely, R; R, and Rs
represented by the fornmula: R1L . .
are, independently, a C; to Cy aromatic or aliphatic group. More preferably, Ry,

R, and R; 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.

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

Organometallic compounds, Chapman and Hall New York 1984.



1 K2-Si 3 wherein R1, R2 and R3, are independently

hydr ogen, or a linear, branched or cyclic aromatic or
wa@bkdiopletsrt group, with the proviso that only oPeT/OB20R1041221

R2 and R3 may be hydrogen. Preferably, none of Rl, R2

and R3 are H. Preferably, RlL g and R3 are,

i ndependently, a Cl to C20 aromatic or aliphatic

group. More preferably, RlL, R2 and R3 are

i o) . . Ex I f
'u rﬁ.e@o&gsglhbe{ggyﬁﬂe 5%&%@&@4 P@E@ugt .= gpgmefhg or oup

consi sting of phenyl, tolyl, xylyl and biphenyl.
Non-1jmting exanpl es of yseful aliphatic graoups.
DAORLASTL | o0 % FSRIPicEr<dos e cebie S msouf B4 ill Hoduce o
etéﬂ?bﬁ!on RRGP¥bmbReh Wyith RRE tWdaklyI€30Hinatd ¥hion"&N¥! somposition
decyl, dodecyl, 3-nethylpentyl” and

3,®ntHting rmewegklftergidinating saniors ulFaptops prayf be rgsderatpdofrpm the
g];rpr %gg&f]\c/are gal?ﬂ.?fﬁ:tarlbtag%f?% ssaitlo%rgc tn(;loﬁ gri;]? ch ?Ne%y-c%grdinating, non-
t riudRLPNiMliS lahioh WA whiet, %Id@ﬁblsdﬂ_/pmbhél'ﬁré’déﬂt to produce the proton and
benzyl di met hyl silylium [00137] For a discussion o

stthblcerrbspomdingf by-prodyeib {ethewire thes pasg| ¢fuan gleghol or phenol and

synt hesi s thereof ., seeqF. A tt J | Ki.
AREEl phrs e R onl{ g R, biprelfte A W gene that the
Nepgactionk f1R8arbbdakieiisgleisf fastesivithltee protdttedladdiitbre as compared

cationic tin, germaniumand |ead conpositions and .
sywitlh Es reactipre it rthe gleBnpiQiherangiop seneraimgEgisiatsdnglpde thiols,

co . | YOr . ey s
200a e 9o LT, 8RS, STy YRURERICS e rlzad with silylium
Cappbdatalghts Gelnex partiogady Predtrost ¢riBdBMEntAwhen iih RycanddRs are
for the cation is any conpound that wil| produce a

prigteoyl whoems,c tiebadvidgonniof kant hléphetia koty arvomtidi alaehalgsignificantly
ani on or .a c osit.ion..containing a
mégﬁﬁvxﬁé%?ﬂﬁﬁg?ﬁﬁ‘ogﬁfgﬂggﬁﬁngns may be gener at ed
fromthe reaction of a stable carbocation salt which
contai ns a weakl y-coordi nati ng, non- nucl eophilic .
ani08’B3i t h wAnether methoh & eierain a PEMLon FRBBRTCS COMBHBRE) 8 group

o PhERER AR JROEB LERRR Sl bk, AR il in o v

t héilueag eioftheapesgnce Sut ha r Eawisi basarethatbelops edeer imerféra with
the event that the r ti of the carhocation salt.
| SpalgBpRaiaR; o 6 aBrOE%CHha s aen P‘P%VGE&ICI%%%% ewis base,

such as isobutylene, is present with the group 1 or 2 metal and the water, a proton

is generated. In a preferred embodiment the weakly-coordinating anion is also
present in the "wet" diluent such that active catalyst is generated when the group 1

or 2 metal is added.

ACTIVE CATALYST SYSTEM

A. Cyclopentadienyl Transition Metal Compounds

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

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



with its reaction with the olefin. O her proton

generating reactants include thiols, carboxylic
w@eidse7sand the like. Similar chem stries may PET/US2003/041221

realized with silylium type catalysts. In a

particularly preferred enbodizgent, when R1, R2 and R3

are phenyl groups, the addition of an aliphatic or

aromati c al cohol significantly enhances the

pol ynmer.i zaf i f,isobutylene, [00139] Anothe Qd ..
P gotEnengbe LTRs! SFfs APOor BB Ao R g O gphich
OHEUHP r@acrfr%a!fomﬁ)r@i-?fo@b&tv ahdl t theUBttivw t"Rvediy Roordinkiiig B Spair.
by neans of in a we diluent, in the presence of a
L Wk sviba ghe UhTin"damspowat mait slsé &e directi combined with the WCA-
ynerization, such as an glefipn. ]t _has be
S

ol fin. peen . .
25@, dewedhe pefivenpialyst Dt dapisally dhe VG4 1ssesahipede jith the

is present with the.gro 1 or, 2 netal. and the r

RO Ao Lol o aRIOL RSl fRRaFT BioR A AP iank (R to
WagtclaY 2 B Ak RatHeNFadkiol BPtHiSindéiRn, Present in the

"wet" “di luent such that active catalyst is generated
when the group 1 or 2 netal is added. ACTIVE CATALYST

S A I .adi T i ti tal Ca ds ...
OB e g RBRRHERE R P BT R T A ition
C ARRhIN@pdothe vath sodtd het@alBéwis¥sids] guoatasla@%%%pwhich upon
ways. A first method is to conmbine a conpound

2Q04bti0H Fathia RIF6IYERDOBLAANXD bf theFraawitioninsdtalgohipeutihiomns an
with a second conpound conprising the WCA- which then

r eaidn, tsock as (IBCePsdig), avidcht ebdices ylee cationic transition metal
"weakl y-coordi nati ng" pair. Likew se, the CoTmt

c crpoehgEnsjeddside Beactiprect | y combi ned with the WCA-

to formthe active catal yst system Typically the WCA

is conbined with the cation/cation source in ratios
0f[001429 1, hawevelraspert bOthinfvafitbn ie tHe 4TvErarbooatioAltAYatalyst
also work in. the practice of this invention. [00141]
Acorpdexcwhich i Ormsd éq@@vﬁ@h@alh %% @%?S@B@Hi?a tﬁ@f%a i ng

a transition netal conpound with sone neutral Lew s

aci ds, such as B(C6F6)3n, which upon reaction with a
hydrol yzabl e ligand (X) of the transition netal

conpound forms an anion, such as ([B(C6F5)3(X)].), _
whi ch stabilizes (M}E)alm-@-n[ﬂ{j+€®j-t)ge-rCH§{-ﬂG2 WCA

X4

(A-Cp)I\I/I--(--CHQ—-CGQ--)g--CH2--CG2+WCA‘
L

Cp*
Y—l\I/I--(--CHz--CGZ--)g--CHZ--CG2+NCA'
CpR



speci es generated by the reaction. [00142] A novel
aspect of this invention is the active carbocationic

wa@e 210al0yssr7 conpl ex which is fornmed and whi ch cREIT/D82003/041221
represented by the fornul ae: (ﬁvcp)hﬁ-(--c}ﬂ--CEQ--)g
- CH2- - C&+WCA x1
(A-Cp)M-(--CH2--CRXR--)g- CHQ--CGQ+WCA L CP- |
Y- M ---CH2- - C&--) g- CH2- - C&+NCA- CpR WD 2004/ 067577
PCT/ US2003/ 041221 46 (C5H5-y-x Sx) / N+ (A)y M
(CH2-C&X-)g -CH2-C&ZNCA JRI (z-1-Y) Xy and (C5H5-y-x
SOM(CHZ-CGZ?C CC@ - R/ \ Xy wherein each

G is independent}y 35/éfr"og n or an aronatic or
al i phatic grou preferabl™x a C 1 to Cl00 aliphatic

group, an S an integer repggesentin
nmonomner ug(ﬁq he gr mcﬁgﬁ %:(?}P'CGZ NCA

i ncorporated in
chain, gis eater than or equa
to 1, preferab about 150, 000.
WCA- is any weaklNy-coordinati ng ani onN\as descri bed
above. Al other §¥gbols are as defined above.
[001431 In anot her “entfol¥hrent this inventXgn al so
provi des active catal yst

; and

(CSHS-y -X S )

/

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

—— (CHy-CGy-)g -CHy-CG, 'NCA”

preferably a Cq to Cypq aliphatic group, and g is an integer representing the
number of monomer units incorporated into the growing polymer chain, g is

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

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

other symbols are as defined above.

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

compositions which can be represented by the formulae:

(A-Cp)
|
WCA- +M--(--CH2--CG2—-)g—-CH2—-Cl3G2 :

X1

(A-Cp)



conpositions which can be represented by the fornmul ae:
(A-Cp) WCA- +M-(--CH2--CR2--)g--CH2--C&x ; X

W@ 26000375W0 2004/ 067577 PCT/ US2003/ 041221 47 VBZF/US2003/041221
+M-(--CH2--CGZ--)g--CH2--C(32 L Cp* WCA-
+tM-(--CH2--C&2--)g -CH2--CG%7 CpR Y (CS5H5-y-x Sx)
NNCA  (A)y Mt (CH2-CR-)g -CH2-C & JIW(z-1-y) Xy
xy and (C5H5-y X SX) NNCA M+ (CH -C&-)g -CH2-& R
XY wherein each Gis independently a aliphatic or
aromatic grodp, preferably a C1 to Cl00 aliphatic or
ar omat i WCN-0g.-(-a0Hd, 9CG5--3,-ACHRL-EGRY 5 r epresenting the
nunber of nonomer unlts [ corporlat ed into the grow ng
pol ymer chain, g is preferably a' nunber greater than
or equal to 1, preferably a nunb& from 1 to about
50, 000. WD 2004/ 067577 PCT/ US2003/ 041221 48 WCA- is
any weakl y- coordi ne{ i¥Ng ani on as descri bed above. All
ot her synbol s

WCA® +IM--(--CHZ--CGZ--)g--CHZ—-CGZ

CpR
Y
(CsHs.y.x Sx)
NCA‘

(A"y / \(CHZ CGy- )g -CH,- C‘Gz

X
R' -1y y

; and
(CSHS—y-x Sx)
NCA™
/M+-— (CHy-CGy-)g -CHp-CG,
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.



are as defined above. B. Substituted Carbocation and
Silylium Conpounds [00144] GCeneration of

W0 pdog0bsTT t ut ed carbocations and silylium cati POEFUREY3/041221
be perforned before use in the polynerization or in
situ. Pre-formation and isolsgtion of the cation or
the stable cation salts may be acconplished by
reacting the al kali or alkaline earth nmetal salt of

kI di di
y gﬁggﬁ a C 00 ({g@%ﬁlﬁlg ng Cag}%% iics(c)ﬁg'%dr atgo%%; F/%l@ %ﬂlelr Y¥mbols

Sigd gﬁdfmeagboqget hods known in the art. Formation of
the substituted carbocations or silylium in situ
occurs inasimlar manner to stable salts, but within
S th ture of

p o f‘&%b%‘ Hol%nd 38 hﬁﬁ%@@g@atter or ocedur e
is that it is capable of producing carbocations or
silgllun1cat|ons ot herw se too wunstable to be hand| ed

by09Hf i r stCenstation. ofm@lbé%weélrpaébm@ﬁ@nw@c% igm gagions may
|
{18 DR AL b ety 581" e ihfcon and

V\Eé\jlatairsof thorcktiomot the spibdectdtion safts trfauysbel azctzﬁnphshﬂd by reacting

[ 00145] ct o |nve on .S the actiy

cdPps |Q5rﬂ?léa%@8t et alc%#p@fi% by-Fabrq Bz Wit the
F%(g@ﬁm%_&ﬁl%ﬁe Nihed (l%nt J‘ecafr%dﬁﬂbﬁeor Rliylik similarly to

erein each Gis
i ndahedaj]eruWrylrhgndraqu“mrmatlm 7 theowbstnytedg:adwpations or silylium
pr.ef er abl to C100, al. hat gL ou nd LS
PR i Rps iy ST RS HARBSPIG: RO e and at the
| NERH QPRI RethRLT Johan&iANbRY TIh@'a\dQEﬂtag‘é“@f the 18ttdrSprocedure is
preferably a nunber greater than or equal to 1,
rtbﬂeﬁablflﬁpdﬂﬂ mf‘a@pdummgmarbp@atm urr siybumocatiopg otherwise too

2004 igfs?tg)o]?e >, e 1éé3%_9 ngl gl s%%nejt g, :ﬁg’é&nb@ o?rﬁ){e Rjcpursor to the

Otd&ﬁbn $yfypihBy ué’ddem&lstodlefaltlﬁ@dvr@lhﬁc’ GNC[AQﬁd‘&&ﬂer Y#tios of 1 to 100
anot her novel aspect of this invention is the active

c Bomdit onMWCApilad wetk indhepextishifchisiisvehtomed and
whi ch can be represented by

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

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

R
R: : ({CH,=CG,)g=CH,~CG," NCA
R

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

Cq to Cqgq 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.



the formulae: Rl R2 Si (CH2-C&X)g -CH2 -C&+ NCA- R3

wherein each Gis independently hydrogen or an
wa@bkdiopletsic or aromatic group, preferably a C PCT/OSI00OM1221

aliphatic group, and g is a n integer representing the

nunber of nononer units incopporated into the grow ng

pol ynmer chain, g is preferably a nunber greater than

or equal to 1, preferably a numnber fron11 to about

1 00. WCA- s -coor di ani o

aQER? B e AP RE e e S oY Rl symbols
aheyR: deGRed vePb [001471 In addltlon cationic
conmpositions of germanium tin or |ead, nay be used

i n conbi nati on mﬁth the WCA' s described her ei n.

Pr rred c osi t ons cl ude those_ whj h. e, .
4@;@& nt ed taﬂ%t r’”ﬁ”l)'fjln asﬁi& ﬁg &p is the active

2QadoRAIORIC! cAtsTY 4t oR sy WHitR 24 forbdd \whe Rzﬂhdfh &in bdekpassehted by

R3 are h drogen al kyl , aryl, aral kyl groups or

déhe fpzmp thereof, preferably O to C30 al kyl,

aryl, aralkyl groups or derivatives thereof, and R*

is Ge, Sn or Pb. In a preferred enbodi nent the R

groups are a Cl to Clo Bikyl, preferably nethyl,

ethyl, propyl, or butyl. dr of | uor ocar bons [00148]

Hydr of | uor ocarbons are preferably used as diluents in

the present invention, alone or in conbination with

ot her hydr of | uor g% BONS 0B F— cEHbi-E8L) D1 R -OB20tHEA”

di l uents. For purposes of fhis invention and the

clains thereto, hydrofluofocarbons ("HFC s" or "HFC')

are defined to be saturated or unsaturated conpounds

consi sting essentially of p¥drogen, car bon and

fluorine, provi ded that at | east one carbon, at |east
W eré/lldl re% el’h alg] (gndaetperllc%%ay hyﬂreogfell uo(%ra.n ahphatlc or aromatic group,

preferably a Cq to Cqqq aliphatic group, and g is a n integer representing the

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

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

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

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

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

include those which are represented by the formula:

i1

e
RyTR* —R,



are present. [00149] In certain enbodi nents, the
di l uent conprises hydrofl uorocarbons represented by

wo b@4foersmul a: C, XHYFZ wherein x is an integer PCDDS1003/@41221
40, alternatively from1 to 30, alternatively from1
to 20, alternatively from1 tg 10, alternatively from
1to 6, alternatively from2 to 20 alternatively from
3 to 10, alternatively from3 to 6, nost preferably

fr QOMdin tlQl,%[{% e O I I I ?@geﬁ ahS1, 1 Y1e9RNIS) 1 g?@lﬁbsa&r derivatives

| east one tratlve éxanpl es i ncl ude

f ek Ifélfélﬁﬁly @illtfol @ﬂﬂﬁﬁt Bhé}'l]%ralkilflgr&hpmﬁ@l@ﬁ{'étﬂié@ thereof, and

fluoro hane uor oet hane: 2-di f| uor oet hane;
1,R%1s Gte,r 8 lov ®boelih angefelred eirbodinfidnt iRt grames ark,a Ty to Cqg
1, 2-tetrafl uoroethane; 1,1,2,2- tetrafl uoroethane;

1, dikyll, preforgdy netiylctinds prapgl, odbidtylior opr opane;
2-fluoropropane; . 1, 1 -difl uoropropane;

1, 2-di fl uor opropane; 1, 3-difl uoropropane; 2, 2-
diﬁ&&gﬂg&bgﬁg&%; 1, 1, 1 -trifluoropropane;

1, ropane; 1,1,3- trifluoropropane;

1,2 2-trifluoropropane; 1,2, 3- trifluoropropane

_1i @Pi‘é@ ut eglgy%gﬂﬁérggﬁr% I?sggff RrgqudgH H%eldo?fr %lblgﬁg in the present

1, ihwentidnt edl6@d | 0P PESHIEAGIon with other hydrofluorocarbons or in
1,1,3, 3- tetrafluoropropane

1, eonghigations wisk othst ¢liierian &or norpegue s mpention and the claims

PCEE/?%%Z QUg’ﬁé) oL %a ?13‘ (SJ'HFé 5" %r ZH%E)Qﬁ gﬁ ééfg%ﬁoter@eo Hirated or

ropropane; ,
peinisafukdied onp@ade cohsidtig, Sssentpdint off hydosguny opdoe ;and fluorine,
1,1,2,3, 3- t af |
H_roildga shag _%E @;gfqligcﬁa{,tmn@r e opg’rahzg,st one hydrogen and at least one fluorine

% =, 3- hexaf | uoropropane; 1,1,1, 3,3, 3-
hexa fuoropropane 1, 1, 1,2,2,3,3
-heptafluoropropane 1 1,1,2,3,3, 3-

he@bi&]:"gggp egtlgrgl enj! 1rlr'l1g{1t|%1b %?@]ﬁmtgwgpbrll%gso }lf'lc!irgﬁfi‘érocarbons
1 1o feséﬂtetprbc}btﬂeaﬂﬁmuia 4cd41fF UPKPEHL RN8:an integer from 1 to 40,
, 2- dlfluorobutane fluorobutane

1 alteln&‘tWﬁFYI foon dotot ¥ eltematlvebz tfromn | 1utor28 att@métlvely from 1 to 10,

tr] tr tane:
1’ S H8ob i Bnfremdiyesy pblt ¢ (§PEGHILRRS ety oy 3 10 10,
tr alfdrh@ﬁ@ffi}'lﬂcﬁﬁ 8;to 8, ﬁlo&ﬂréfefd‘tﬂl}@frﬁﬁult R ;whkreid y and z are integers
1,2-tetr uorobutane 1,1,1,3- tetrafl uorobutane;

1, andjat keasteqneaf | uor obut ane: 1.1, 2, 2-tetraf | uor obut ane:
1,1,2,3- tetrafluorobutane; 1,1, 2, 4-tetrafl uorobutane;
1,1, 3, 3-tetrafl uorobutane; 1,1, 3, 4-

[00150] Illustrative examples include fluoromethane; difluoromethane;

trifluoromethane; fluoroethane; 1,1-difluorocthane; 1,2-difluoroethane; 1,1,1-
trifluoroethane; 1,1,2-trifluoroethane; 1,1,1,2-tetrafluoroethane; 1,1,2,2-
tetrafluoroethane; 1,1,1,2,2-pentafluoroethane; 1-fluoropropane; 2-fluoropropane;
1,1-difluoropropane; 1,2-difluoropropane; 1,3-difluoropropane; 2,2-
difluoropropane; 1,1,1-trifluoropropane; 1,1,2-trifluoropropane; 1,1,3-
trifluoropropane;  1,2,2-trifluoropropane;  1,2,3-trifluoropropane;  1,1,1,2-
tetrafluoropropane; 1,1,1,3-tetrafluoropropane; 1,1,2,2-tetrafluoropropane;

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



tetrafl uorobutane; 1,1, 4, 4-tetrafl uorobutane;
1,2,2,3-tetrafl uorobutane; 1, 2,2,4- tetrafl uorobutane;
wa 24867371 et r af | uor obut ane; 1, 2, 3, 4-t etraf | uor BGTUSI063/041221
2,2,3,3- tetrafluorobutane; 1, 1,
1, 2, 2-pent af | uor obut ane; 1, L;
1, 2, 3-pent af | uorobutane; 1,1,1, 2, 4-pent af | uor obut ane;
1,1,1, 3, 3-pentafl uorobutane; 1,1,1, 3, 4-
p n 1, 1 ne; , _
3 f,;fzg’ﬁ%@%ﬁ}ﬁo}?a}w 2 14,1% perhahloepripubane: 4,1,1,3,3
1, pen@2fldodbppepahaf ﬂﬂ;?rl;mahaﬁuoropropane 1,1,2,3,3-pentafluoropropane;

1 2, - pe afluorobutae
pents foZh FRproppns; 3 ééfﬁ E?Wapwmpgn% 11,1,3,3,3-
1 l%xgﬂl?bréprgﬁﬁieaf | uor ‘Ph&‘lt,@Q@ 3-heptafluoropropane; 1,1,1,2,3,3,3-
1, 3, 4- pent af | uor obutf a
1 Impmﬂzpmpmmee@afll-ﬂmowamqe 2-fiyorotautane? . h,1-difluorobutane; 1,2-

he&i 1];L<|)r§ @%ﬁeﬂ%@ﬂ gﬁfih{%%%%%qe r:.:'le;}3 dﬂﬁlﬁ?fl:l)u a(ljnreo 5%-3%orobutane° 2,3-

1 (ﬁﬂfl@r@bﬁlﬁﬂ@fﬂ Uonehudrab@anet s 1 I]-Z-trlﬂuorobutane 1,1,3-trifluorobutane;
1, 3, 3, 4- hexaf [ uor obut ane: 1,1,1,3,4, 4

h elx bﬂﬂuﬂu@bbwam 11,3.24rifluarobuisagaf | uar%tmléhlaﬁ@utane 1,3,3-
’ he
tilﬂgbrfbgfaae,hei%?ﬁautglrﬂgglﬁogﬁﬁe 1,1,1,2-tetrafluorobutane;  1,1,1,3-

1 t&tr%l@ré'blﬁadwxﬁﬂllwwﬁ’@ﬂhmeutaﬁe :1,121, 3,2 3etfafluorobutane; 1,1,2,3-
hexaf | uor obut ane; 1,2,.3,4, 4- hexafluorobutane
1 totrafluprabulanga x hil g%peggﬂpgquutane 1,1,3,3-tetrafluorobutane; 1,1,3,4-

t . -

s | EREHAIRIMbAE: 1225 graflugroputanc; 1,224
hetptraaﬂdanommhwt ah,é 3,3ketraflp@roButang- HehB, A#tétm:fhmbmhﬂmxe 2,2,3,3-

3,4, 4- l.uoro
tgtrgﬂtwrgrblﬁg& a fé’glﬁeﬁl uog_o%ll’[aileg 31,4 142,3-pentafluorobutane;
hem qfd@g&ﬁ@ﬂﬁ@@&mﬂe« 1,1, 243, 33 3. AnfehsfobtRRELUt ane; 1 1.3 4-
2Voct af | uor obutane: 1, 1,
1 rﬁm&ﬂ@lpmbm?mc;t afl, hdu‘le‘bp@r&mféuorqu@@,, 2,2 142,,2L3-zpentaﬂuorobutane

o5 Ao . L 1 0% ot L ACLARL o0t s

1 ﬁenﬂafﬁlo?ob%taﬁedf 41' nores- bé&ﬁﬁﬂhﬂblﬁﬂ&m 1,2,2,3,3- pentaﬂuorobutane;
1-fl uoro-2- net hyl propane

1, h,2,@;3f4-p@1t@ﬂ@rql@1tﬁ}q pr op aret,2,2,3 hexaﬂuorobutane 1,1,1,2,2.4-

LB L 5 Bl 1 49 Mg
H EE}%@ng?ﬁﬁﬂm%ﬁppan e,1,1,33, 4¢leidﬂmrcsbuﬁme 1,1,1,3,4,4-

Ilexgﬂgorp‘g@tplaq | u]ofé 424 ?@@W]WW)@ 1,1,2,2,3,3-hexafluorobutane;
1 ]% % 03 | f(ﬁfdo'ﬂ(g;u??% mEtthE@r PABE fluorobutane; 1,1,2,3,3,4-

uor o- UOT orret propane;
1 Heﬂﬂﬁ@rabmem afl lJ.,@[3Q4 Qhemﬁxfmwmltmand 2 ,2,3,3,4-hexafluorobutane;

b St TR BB 111223

f I ok gryedpitane; 11ﬂ12¢§§hqﬁbﬁﬂﬁéﬂoeﬁﬂah@ne 1, 2:1,1,2.3,4,4-

|_\

di fFuorocycl obut ane; 1, | uor ocycl obut ane;

1, Hepeafluordiutemencycl obut, éﬁe} 4 A-hepfluorobutane; 1,1,1,3,3,4,4-
heptafluorobutane; 1,1,1,2,2,3,3 4-octafluorobutane; 1,1,1,2,2,3,4,4-
octafluorobutane; 1,1,1,2,3,3,4,4-octafluorobutane; 1,1,1,2,2.4,4,4-
octafluorobutane; 1,1,1,2,3,4,4,4-octafluorobutane; 1,1,1,2,2,3,3,4,4-

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

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



trifluorocycl obutane; 1,2,3-trifluorocyclobutane;
1,1,2,2-tetrafl uorocycl obut ane;

wa 2486371 et r af | uor ocycl obut ane; PCT/US2003/041221
1,1, 2,2, 3-pentafl uorocycl obutane; 1,1, 2, 3, 3-
pent af | uorocycl obutane; 1, 142,2,3,3
- hexaf | uor ocycl obutane; 1,1, 2,2, 3, 4-
hexaf | uor ocycl obut ane;

hexaf | 9%‘{1!1 BULARE: @aﬁ% 2,3, 3, #3-difluoro-2-
heptgﬁg? g)a%%ycl obutLig%e %x u;yep} er eof and” - oOr°
[ r(ﬂhmbnre@thpxdpane;sl bfl 3-tﬂtmﬁnaro-ét-melthyllfﬁ)mnd,ehd:ﬁ1.3b‘etraﬂuoro 2-
bel ow.. Particuyl ar|l red HEC s inclu
T BPEERS oS- PICG SH O REREDPEPERG] 1 dobappiafuoro-2-
1 njretﬂyl fc{ﬂaﬁé Yo, S’@Itgt@ﬁﬁloro Hliag 51‘?)&??&15‘5@?})% padBd1,1,1,3-tetrafluoro-2-
B et raf’uor oet hane. 001511 111 ustrative
exﬂupliowﬂwﬂ)pmpaaeur afletoepelivhotangor od drdifnerocydolidane;  1,2-
f | uor.oet hene;

fl
1 Bltprorsiityeter oS BRARR: bl riiforgyclobutane; 1,1.3-

f L {HALOREPASH Ranel . 1281 tfriﬂﬂl@f& £18B&ass; 1,1,2,2-tetrafluorocyclobutane;
1, 2- d|fluoropropene 3-di Iuoropropene

2 13l, a43fuetmﬂwomb1b@tans,, 3- dili2, udrnspiadigerpsyclobutane;  1,1,2,3,3-

rifl ropene; ne; }

hélﬂflﬂofcyﬁ%%gr Opene1 1’% %3 3 ‘}eg‘{‘f%‘;oﬁg%g"?‘%‘gaglﬁe ,131 ,’23’-2’3’4

t rhe&hﬂwr@@rcuﬂﬁme , 313:23,8 ﬁthQaﬂlﬁUrO@}&ﬂtﬂgutane 1,1,2,2,3,3,4-
1-fluoro-|-butene; 2. quoro | - butene; 3- fluoro-

[
- dgptafiaorasyslpbigars; |and paigHees thereolyi %qdu drgjudipg mixtures of
1%‘55%:&%1@&" Hli'?Cgl Ilésgqu)éﬁ' Zp_e%ﬂv?.m 1ﬁulaglaf é)referred HFC's include

uor opr opene: | uoro
2, @fldorbmedtane,| -tbﬂh@‘nmetlﬂnés di f-diflmomethanbutlehé: trifluorocthane,

3 -di fl yoro- I-g bﬂ X %_4 di.fl uor o-1-but ene;
ugpmethane apd Ht ée“a ugrosthape. ¢ | yor o- | - but ene: 1,
,3-tr|fluoro- | -butene; 1,1,4-trifluoro-I|-butene;
,2,3- trifluoro-1l-butene; 1,2,4-trifluoro-I-butene;
[:BQBSI—]t r i fllllostoative exsmipdese of yn&tmzated hydroﬂu01ocarbons include
or oO-

1

1

1,

trifl 4-trifl

2. i Bipqcio b S inipeiett: 2 SRR b o r- pRghene: 1
% ﬂucﬂ'oﬁrbbéﬂeu 019 dlﬂﬁ’&bgﬂ’@@eneﬁ 3,,24d1ﬂﬁd)1fob fie; | 'lmﬂlﬁﬁ&opropene

4,4- trifluoro- t ene; -trifluoro-
_ bus-lifuorapropene; 3- et dﬁhlpm@enp, - bd‘xle%trlﬂuprqprqu, 1,1,3-
tlettif f()lf%?&é%%}’l!&f lbﬂt&%f l’trlf%uotl’ e[grbgen etr a{ !3‘3‘%?111&08%;;%9@ 2,3,3-

1, thifhofbpt@icnef 3,8 8roifluotopi@eae; 1-fluoro-1-butene; 2-fluoro-1-butene; 3-
1233tetraf|uoro| but ene; ro-| -

SRR IR G K ACIL TR £ AT I
L Bs i el aren ghoribange. s imdlo NBRARIH OGRS r0-1-

21’ 5 tetrafl uorad-| t ene;
1, Butdned 313ediflabloubbutehe; B-difhroro-1-butene; 4,4- dlﬂuoro 1-butene; 1 ,1,2-

2 | S S R ST S b i bt 2
» Ay frulofd-1 dler 0-1 3 4-trifluoro-1-butene;  1,3,3 trlﬂuoro 1-butene; 1,3,4-
trifluoro-1-butene;  1,4,4-trifluoro-1-butene;  2,3,3-trifluoro-1-butene;  2,3,4-
trifluoro-1-butene;  2,4,4-trifluoro-1-butene;  3,3,4-trifluoro-1-butene;  3,4,4-
trifluoro-1-butene; 4,4,4-trifluoro-1-butene; 1,1,2,3-tetrafluoro-1-butene; 1,1,2,4-
tetrafluoro-1-butene; 1,1,3,3-tetrafluoro-1-butene; 1,1,3,4-tetrafluoro-1-butene;
1,1,4,4-tetrafluoro-1-butene; 1,2,3,3-tetrafluoro-1-butene; 1,2,3,4-tetrafluoro-1-
butene;  1,2,4,4-tetrafluoro-1-butene;  1,3,3,4-tetrafluoro-1-butene;  1,3,4,4-



but ene; 3,4,4,4-tetrafl uoro-I-butene;
1,1,2,3,3-pentafluoro-1|-butene; 1,1, 2,3, 4-
w@ewabisaor o- 1 - but ene; PCT/US2003/041221

1,1, 2,4, 4-pentafl uoro-|-butene;

1,1, 3,3, 4-pentafl uoro-1- butepe;

1,1, 3,4, 4-pent af | uoro-1 - but ene;
1,1,4,4,4-pentafluoro-I-butene; 1, 2,3, 3, 4-

p )k Q5 -b 3 . nt |

F gu%efﬂ; oﬂpg%élte%en | gt@p@ tet F]ﬁlgl?)of"llaﬁfegé" ?é 3mee@raﬂﬁoro 1-butene;
2,23, ,,44et4aﬂmmdi—afbunmeo 124b444-m’ma;ﬂuoro l-butene 3,3,4,4-tetrafluoro-1-
2 ent af

p&i?%ief u”gf‘ 'teHa}Fuor it !Tltim egquai?’fpgg@ﬁhg@rbbpteg&t dls2.3.4-

1’;§En‘%ﬂ§m4) ﬂbﬁ‘t@ﬁ@f | uaros h-pefi’ﬂelﬂﬁ&%d Butene; 1,1,3,3,4-pentafluoro-1-
1,72, 4- hexaf ['uor’o? but ene;

1,t@1;t es,lA,344 ﬁfpcafalﬂugmal-bment;ul éﬂé 4-pentafluoro-1-butene; 1,2,3,3,4-
1,2 4, 4- hexaf | ugr.o: | - but
2 rsniniorp-(DRERE | Harobr sRtiediGo-1rbyienssa 1244 pentafuoro-1-

hepiidk! gqrm hgﬁﬁiaﬁﬂ@ro -Lbuikne, 334,44 f;ellitaﬂﬁ@rbuumtene B,3,4,4,4-
- but ene; 4, 4- heptafluoro | - but ene

1 mn@ﬂgom Wbutehesp dt2.331lohexafuerenkbuten;| &ds?o3 2. Aphgxafworo-1-

]f&lt[(‘lld}u ? lr Sof& 9241 3 Qfeliex;fﬂl}ofg ,Qlf %H?rf 0- 2- kf ;t £ g g 4-hexaﬂu0ro 1-butene;

‘but ene:; tor o-

1 J25) g|4f4 Mé@f&o@ﬂ%&neZ 33&44 urmxﬁhtmbanﬁnene 1,1,2,3,3,4,4-
1, 1 trlfluoro 2-bute trifluoro-2- butene

1 BEpBluprot 1-4BicBe:2- butlehd? 414 A hﬂptflﬂwmdowe@e»but efd;3:3.4:4.4-
1,

1 }%p%ﬂél{) -I—IbH %o fl 6?%}3 %ﬂé rl}lépt%?&(irul'-éﬁtgﬂé o'l-%hﬁ)%—@%tene 2-
t eflucad-2tinnene? - ﬂ);lt-diﬁaorolz-]buﬂmé; tle2diffdono2en@eriput éi3edifluoro-2-

i ‘q_l élei :12{-{1@9 {l;)gé-guéngﬂi Z,?' éilﬂuro -2-butene; 1,1,1-trifluoro-2-butene;
1 12, §atﬁﬂh§&f;ﬂﬁﬁt€ﬁé .0t ?3%%1%6&2%@:1& 2,1 3 RENOAS-b URKRR21,2,3-

t'ene; 1, 1,1,2, 4 pentaf | uor o- 2- but 'ene’
1 tnﬂ:upﬁ) Zprem ai Rudetrifluprsibeteae; 1,111,2-tetyafluoro-2-butene; 1,1,1,3-

Eet%%r%fhlipl%& &q@,ﬁ?%? |t 321554-%étrdgﬁpéqig-b%§erﬁte af li% £ te%ra uoror-]f—butene

1,13 @;ﬁteﬁaﬂu&@&iﬁd‘cw a; 23 mtét@a[fﬁ}oro 2-butene; 1,1,1,2,3-pentafluoro-2-
1.2, 4, 4- hexaf | uor o- 2- but e

1, lmtqneg 141 14,2;43;@&1@@]5@2@11@@@9;@ ,3,4-pentafluoro-2-butene; 1,1,1,4,4-
eg(?%qfﬁﬁgpoﬂ é)lage ?f | lf,qr,?3%f ﬂ%ﬂ{a?lrﬁgro ’bi![te?le 3, il 142 4 .4-pentafluoro-2-

1, Butdne?, 3, 4,14t hemlﬁ‘xhﬂ%m Rbinehene; IJ.], B,Z;ﬂ,@héb;aﬂ,uéro-z-butene
hetafluoroZ but ene; and m xture qu and
2&s

i nbil defhéberadiugresS-Brensat uh i deft-+ Oa%gé’rlﬁt%d 1,1,2,3,4,4-
abox &6 8PLBgind. N ONg lef@@dﬁi m%‘[aﬂﬁé}s bt 1,1,1,2.4,4.4-

conpri ses non- pér fl uofi nat éd ompounds or the difuént
[ sh@taihmrq}@*ﬁutamer bumch e gtugss| uherebf afe ifidluding maitxeotes of saturated
pnds ﬁF t hose conpounds consisting of carbon
Fé@ﬁ? 51 2P8fever, in another embodiment, when
the di l uent conprises a blend, the blend may conprise
perfl uorinated conpounds, for exanpl e,
t ef00a52]uor onkt wasesmbidisngh, ube odidieah eqomprises non-perfluorinated
? ﬁt%oar}tul)olill%[ig RoORE! edllu%nntd is dae Cn%%'—p%?ﬁ@oqynta e dllueneif erl?e?hﬁ{drmated
compounds being those compounds consisting of carbon and fluorine. However,
in another embodiment, when the diluent comprises a blend, the blend may
comprise perfluorinated compounds, for example, tetrafluoromethane,

hexafluoroethane, octafluoropropane, and, decafluorobutane. Preferably, the



WO 2004/ 067577 PCT/ US2003/ 041221 54 catal yst,
nmononer, and diluent are present in a single phase or
wo b@4@bsrenent i oned conponents are m sci bl e weTusives/ 041221
di l uent as described in further detail below In
anot her enbodi mrent, the bl endymay al so conprise
chl or of | uorocarbons (CFC s), or those conpounds
consi sting of chlorine, fluorine, and carbon. [00153]

I o)

n&agig%élﬁt gr?&d?ﬁ@ %idr@lgk M/\}) é‘i’??g/b&@rgg rg?é gﬁge 4 aeﬁa@t%emgrol%oned
Mreompoaérs atel mpisnibleewith dire &ilyeno s dcbmnbwdamefuphef dataibbglow. In
nor e .t han. 100, 000 re d ired, suitable dilyent ,
RSB CHYBP 1L R CL GRS G0 1FoRPHRE FRBTH e ReGHERRACEC')
ggorgﬁ&@tcﬁfn pbiaR cbfsiding &fcﬁlorm@r ﬂxﬁ&[&bhﬁﬂ Ghat er than

nmore preferably greater than 20, nore preferably
greater than 25, nnre preferably 40 or nore.

ts wh | hts,(t
g e R S S %%'a‘ée""miewlar
Mok & g Rk /IVeN RRY MichlBs graaféartha?n 00,000MNIwa befelaslyr@eret fhen 50,000

di el ectric ‘constant may be | ess than 10, of by addlngl
ents

gdﬂgermmnwf@alﬂff mate t@noiO%QOQ My fase degicask SwHabletd
e

MBRelEHIE Ricitaf thafiel 3 apael prfesblf greatpakiainl 20,- poad @referably
capacitor imersed in the diluent [neasured val ue
coyreatein thanr 2%, egrfc Breferably 4t okriows- & smbediments where lower

CONStAnke @@éﬁq&‘?@frﬁ& %ﬁ&eggléeﬁﬁég 22@%‘””?@ &"éral&lggeés) than 5,000

[ measured v asur
Cc adag mtcael pmf@%hysiesguthmﬁ 00 Clity) E€atetised thh elidtedfric sodstemt may

di el ect tant. of the fluid whi ch t he
calpHer b 16 G hrapdiog loveg ﬁlgoqrﬁ%O%é‘rt}ator@aﬁrée§f%@&e@t when the

an(ﬂel@&rlbscotngﬁmsisr WovedPRC ARCHeleEHRMIRBAE of the diluent ep is
measurenents ED is given by the fornmula ED=((CD CA)

ERleter(nBiRdCpyy remugapentAof éhen atpagiitnce of a pvar kplatsutdpacitor

i nstrunme ch.,as_ the Bro Y nstru

CoPRIREY bh o s HRaieed VARECCel et P Rhes Guid of pown
Codigleatfic cOhstahitlel %E@su@@dﬁ@@ﬁd Tr], AnEHRA(ELS Jﬂ[nsa‘asur%@ Qalue Ca].
dielectric constants (E) of a feMIseIecte di l uents at

- gBGapks case e meuIRs) RAcigRee GrdpBiveRby fvieHraCedwhere ¢ is the
Pl @UeSirit cobat WO RLRY i Fhilh 'R O5c ﬁé%é%me?s%d, Ce is the cell

capacitance, and Cg is the stray capacitance. From these measurements &p is

given by the formula gp=((Cp-Ca) er + (Cr-Cp))/(Cr-Ca).  Alternatively, a

purpose-built instrument such as the Brookhaven Instrument Corporation BIC-870
may be used to measure dielectric constant of diluents directly. A comparison of
the dielectric constants (g) of a few selected diluents at -85°C is provided below

and graphically depicted in Figure 1.



D | uent sat -85C Methyl chloride 18. 34
D fl uoronet hane 36.29 1, 1-difl uoroethane 29. 33
wa 461507 f | uor oet hane 22.18 1, 1, PCT/US2003/041221
1,2-tetrafl uoroethane 23.25 1,1, 2, 2-tetrafl uoroethane
11.27 1,1,1,2,2-pentafl uorogghane 11.83 [00154] In
ot her enbodi nents, one or nore HFC s are used in
conbi nation with another diluent or m xtures of
diluents. Suitable additional diluents include
hydrocar bons, especially hexanes and hept anes,

hal ogengt.ed hydr ocarbons, esgecially Cﬂé’ nat ed
hydr ocar %gﬁ%ﬁ%and the like. Spdcific eX $ i ncl ud

but ar_not ,ted to propare, isobut pent ane|
nethycch@HE’P%H #dej sohexane, |2- nethyl%gﬁka

3-nethyﬁ5fntane Z-Tethytbutane, 2, 2- dlnetnyloutane
2,3- di ﬂﬂﬂr%?t M 2- net hyI hexane, 3-}%%9rwl hexane

3- et hyl pentanme;—2, 2=—dimethytpentane;

2, 3- di nelhydifesroethane 2, 4- d|nethylpentaﬁé’yg,s-dinethyl

D

pent ane—2—rethyt-heptane—3—ethythexane;

2, 5- di net hyi-hdbuarvethade 24, - tr| rret hyl peritZatfe, oct ane
hept ane—butanre—et-hane—reth renane—deeane;
dodecan=1JunﬂeﬁﬁﬂeonhEMﬁme, nethyl cycl2g®xane,

cycl opr ppane, _cyclobutane, cyicl opent ane;

met hyl cwllwmt@ﬂaoro&thaﬁe di mgt hyl cycopmane, cis
1, 2- di et ﬁvl cycl opent ane,

trans-1|2-di ﬁg&ﬁﬂaﬁﬁ&lo@ﬂ’ﬁﬁ@ ane, trans- 113g3
di met hy| cy&l'opent ane, et hyl cycll opent ane, cycl ohexane,
nmet hyl cycl ohexane, benzene, tol uene, xylene

napBgsaty: oo Ty PR Smbbufigs %5t 8 ErShEC.oRE pictEip sompination

t heitle Bh@hdmahest demditars oo Hiltdigs. sm@awe adﬁiﬁ(ﬁlal diluents include
preferably fluorinated versions of all _ of the above.

Brividrosarhess, \eapesiablys hexancheandh dwetares hprlogengisss diydrocarbons,

SRS ST R DL ol e v

etdty hoclimited e propangVisobatdney ]baﬂl&mebuteﬂiycydibp:ﬁrﬁa?he, isohexane, 2-

chl orof orm .
methylpentane, 3-methylpentane, 2-methylbutane, 2,2-dimethylbutane, 2,3-

dimethylbutane, 2-methylhexane, 3-methylhexane, 3-ethylpentane, 2,2-
dimethylpentane, 2,3-dimethylpentane, 2,4-dimethylpentane, 3,3-dimethyl
pentane, 2-methylheptane, 3-ethylhexane, 2,5-dimethylhexane, 2,24,-
trimethylpentane, octane, heptane, butane, ethane, methane, nonane, decane,
dodecane, undecane, hexane, methyl cyclohexane, cyclopropane, cyclobutane,
cyclopentane, methylcyclopentane,  1,1-dimethylcycopentane, c¢is  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,



and the like. [00155] In another enbodi nent,
non-reactive olefins nmay be used as diluents in

w@ oomiosmsrT on with HFC s. Exanpl es i ncl ude, butP&r/@Esmwes/041221
limted to, ethylene, propylene, and the |ike.
[00156] In one enbodinent, thg HFC is used in
conbination wiwth a chlorinated hydrocarbon such as
nmet hyl chloride. Additional enbodinments include using
¢ : : . , . X :
ki Eflcn, TRy ARk BRloHt R a R, ST oA, Sl orm
I randaixbiikeat i on with one or nore gases inert to the
pol ynmeri zati on such as carbon di oxi de, nitrogen,
hydr ogen, argon, neon, helium Kkrypton, zenon, and/or
otfpg{ssjnert rgaggsndrhahbsditeRl, Ch&i-Alatitve loldditsdn@y BOUsYd as
to the reactor. Preferred gases include carbon di oxi de

ardifuents inicombipetion vt BIFIC’$.n Exawplesrindme diver nethkmited to,
HF%; are usgd 'ndc[ﬁ i nation with one or nore

ni TP PEPKEHE M i ng C1 to C40 nitrated |inear,
cyclic or branched al kanes. Preferred nitrated

al kanes include, but are not limted to, nitromethane,
ni PPB¥ hane, Innprg sprhogdument, ihet FBKUtiarksed rint eeyplinetigne with a
ni trohexan ni troheptan nktyoeet ane, , fAit.r ode .
GG By Reb SR BB, bl SATHRRS ABHERHERSsimens

nijhélagy lsigeihdaHBC i to@binalioetWitn@exanes or methyl chloride and
ni trocycl opropane, nitrocycl obutane, . o .
ni hexaessc |18 pan h@l}lb?ﬁlfl}egb%@ﬂ—gﬁ-@i afseused in combination with one or

2: 1%1?1% g%sgg&[) [PiE po%ﬁe&&&ﬁ'@ QA 58B%bon dioxide, nitrogen, hydrogen,

ecane, 'n ocycl ononane,
ni drgac ebn dodiean rkeyptom,t zeacy,cdndlordeloariaert gases rthdteme erederably

and the di- and tri- nitro versions of the above,

pridffudd Bk $utrg g o FeRtoT s Plrﬁ)é“%dq kgla%eﬁd’é‘&h\ﬂft%?bon Gioxtde and/or
niﬁi{rgﬁ_hane. [00153] The HFC is typically present at

1 to 100 volunme % based upon the total volune of the

di luents, alternatively between 5 and 100 vol une %

al tively between 10 and,1 ol unme % o .

2 DBISE § Ve B a8 S 38 i el combination with one
al §remBat hiveled AMeingancld@ingnC; 00, \visitrbid® 1#hear, cyclic or branched
alternatively between 25 "and 100 vol unme %

al alsansat iPyefeired aitiptashalBmes erludsy bubargrast dimited to, nitromethane,
al ﬁi%%&ﬁgﬁe\,/ erli%o%p&%?ﬂit?&?&%@, %géplé%?agg,sﬁggb}l%%e, %Ytroheptane,
nitrooctane,  nitrodecane, nitrononane, nitrododecane, nitroundecane,
nitrocyclomethane, nitrocycloethane, nitrocyclopropane, nitrocyclobutane,
nitrocyclopentane, nitrocyclohexane, nitrocycloheptane, nitrocyclooctane,
nitrocyclodecane, nitrocyclononane, nitrocyclododecane, nitrocycloundecane,
nitrobenzene, and the di- and tri- nitro versions of the above. A preferred

embodiment is HFC’s blended with nitromethane.

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

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



between 35 and 100 volune % alternatively between 40

and 100 volune % alternatively between 45 and 100
woluoe759 al ternatively between 50 and 100 vPCT/DS2096/041221

alternatively between 55 and 100 vol une %

alternatively between 60 and7;100 vol une %

alternatively between 65 and 100 vol une %

alternatively between 70 and 100 vol une %

alygRraat 33/ ‘3*1&' 108t ViGHe 83, dnARR1yY BEMEEn%O and 100 volume %,

alternative bet ween 80 and 100 “vol une ©

alaltemam/elydjejwd:mt%aemd 380 amd:inﬂ.@%, al’@huiltmrel% between 50 and 100

o BN e E BE=58 5504 1080 aitiri Agmatively between 60

aldngr 1ot {/Mﬁﬁ% RELMERRIVT %@ﬂve@ﬁQSSV MU0 Yolume %, alternatively
alternatively between 9y and 100 volune % and

alheewmt T¥ehg 196t vademe 99, akeinatdGly betiveen 945 and 1690 volume %,

sy ARttt Sy dORr oS YprBemED e 8PE P gnd 100

emﬁhér% Valtb AtV beSveeR 100G d 00 Mk &, aie@dfively between 95
consi sting of mnonofl uoronet hane, difl uoronet hane

t ranl] 109r e altemnptivsly betveesanand 100 yolume %, alternatively

q%eiw q% u%e %g? 0w c&mfg: f),]ang agfef'rlaﬂg%lg%tem% 99lanjd 1]002V0éume %.
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[00160] In a preferred embodiment, the diluent or diluent mixture is

selected such that the difference between the measured glass transition
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[00161] The invention may be practiced in continuous and batch processes.

each other,

D

Further the invention may be practiced in a plug flow reactor and/or stirred tank
reactors. In particular this invention may be practiced in "butyl reactors."
lustrative examples include any reactor selected from the group consisting of a
continuous flow stirred tank reactor, a plug flow reactor, a moving belt or drum
reactor, a jet or nozzle reactor, a tubular reactor, a reactor proceeding in
accordance with the Leidenfrost phenomenon, and an autorefrigerated boiling-

pool reactor.

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

herein utilize a boiling pool reactor system. Particularly relevant examples



pool reactor. [00162] In a preferred enbodi nent, the

pol yneri zati on processes described herein utilize a
whoikiosr§7pool reactor system Particularly rel BAEOB2003/041221
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In some enbodi nents, a boiling pool reactor system
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50% for recovery and a vaporized mixture of unreacted monomers and

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

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

the diluent, and, optionally, catalyst system components.

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



feed streamis generally continuously supplied al ong
with the nononer m xture, the diluent, and,

wopittoemlt y, catal yst system conponents. ' | n PEEUS2003/041221
Figures, PCrefers to pressure controller, FCrefers
to flow controller, rFCrefegs to a ratio flow
controller, LCrefers to |evel controller, and AC
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an exanpl e of a boiling pool reactor system
conprising a plug flow extruder reactor is provided.
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stream of the polymerization medium are supplied to extruder 1, via line 29, the
stream being split and supplied at points along the extruder 1, via lines 31, 33, 35,
and 37 to ensure thorough distribution. When the catalyst system components are
not part of the feed stream, the catalyst system is supplied at the head of the

extruder serew via line 19.

[00167] The monomers consumed are continuously replaced by 'fresh
monomers via lines 31, 33, 35, and 37. At the extruder outlet section, polymer
particles are forced into the twin discharge screw 3. In discharge screw 3, the

polymer particles are squeezed by the screws so that any entrapped



and 37 to ensure thorough distribution. Wen the
catal yst system conponents are not part of the feed
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Vf a a conventi ona r’eco

secfihiging Betios fenvialing addpadkagimger, substanti al I y free
of diluent and nononers, is supplied via line 41 to a

flnlshlng section for ballng and packagi ng. [00163]
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or refrigerant, condensed in heat exchanger 11 for return to the flash drum 15, via
line 53 and throttle valve 13 through which the pressure decreases to that of the
extruder. In flash drum 15, a portion of the feed vaporizes and passes to
compressor 9, via line 45, drum 7 and line 43 and liquid feed in drum 15 cools to
the temperature of extruder 1, before supply via line 29. Any non condensables in
heat exchanger 11 are removed via an outlet situated at the coldest section of the

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

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

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



line 53 and throttle valve 13 through which the
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eam” and,
I dg@ipbed with an inlet for the feed stream, and, in some embodlments, two inlets

for feeding the catalyst system. The reactor is also equipped with a vapor outlet,
placed in the reactor ceiling. In Figure 6, a vertical section is shown. The reactor
wall is indicated by 55, 57 and 59 are respectively the reactor ceiling and bottom,
61 is the stirrer shaft, 63 is a standing shaft fastened to the reactor bottom, 65 is
one of the vertical paddles, moved by shaft 61 to which they are connected by the
cross bar 67. The rotating bars 69 intermesh with standing crossbars 71. 73 is an
extruder barrel fastened to the reactor, to which it is connected via slit 77. This
extruder, equipped with its screw 75, is hereinafter referred to as "discharge

screw". 79 is a throttle valve.



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

slit 77, part of the slurry contained in the volume between paddle and wall is



continuously taken into the rather |arge clearance

bet ween the paddl e | eading edge and the reactor wall.
wab@4paisymeri zati on medi um can easily flow t hrpC@OS1008041221

cl earance between the paddl e rear edge and the reactor

wal | . The polynmer particlesgare collected. Therefore,
the slurry concentration in the space between the
paddl e and the reactor wall increases during the

p i g I t .
DS real o BE R ALIBR R oo RORm AT BE 488y Rt from
sahe dxiat pattesft thef rehitter. sl Airstep, catved eéasthe rearl edpgi of paddles 65
squeezed out. enever. a dle 65 .passes in front .of .
opErcaeps e cap) RtYgen 4, BAA 0 Balrad Iereigy e Hemming
dicgghai9e screw 75, which carries it up. Therefore,
whenevei a paddl e 65 passes in front of slit 77, part

of the slurry contained in the vol unme between paddl e

a I is WD 2004/ 067577 ,PCT/ US2003/ 041221 ..6

OBl oLt AR POE o e TR R L POy tdemes by the
aFB4Rdr iR i hivle MereS&REbRPoFIRELY td e PiydherRofdenhtide
reactor. A step carved in the rear edge of paddl es 65

decreases the gap between the paddl e and wall and

cAPOERRCS, | A L L b oy, Do iednrpeg by e

byteddi® in 18R Eiln @ intrBaddd piopbitithallfes #RSHFeDiotRRhsheydal | y
to the polyner concentration. [00179] At a certain
pol ymer concentration, the polyner discharged by the

r in ' ' [ e riional .
SR | O, kel 6 GRRES, RESRE LA tthp ebbity of
alkougrolliagthopolhmsr eoreantrationnnsidp ded teywctof. Oacni ceadtdin vglue of
t he pol yner concentration jnside the reactor. Once a
GRS FRPH Deep R Bl e BEARGG G ETEn T the
f gﬁwrﬂ& LR emBkRhYSEidatthe E&%sAEnbRbTercbiE anP@ppiBhreshold
concentration 1 nside the reactor cannot overcone an

ugpeit, whickshohpbsed byithg stivinératotationisppesk el this whig any excessive
S oToptiERr o feted BRCE ol i Bidobh viek Be RIGEE B pe reactor

t h@1dcRlnal 8fof &:&kssivef mé@RAICAN stresPATikil Bdthe @tirrer
excessi ve nmechani cal stress applied to the stirrer.

[00181] Figure 5 provides a general diagramof a

P PO A g LSRR LB o s

system. The polymerization reactor is indicated by number 55. The reactor outlet

77 joins the reactor to the discharge screw 75, which in turn is connected via
throttle valve 79, to the double screw devolatilizer 81. The monomers and diluent
are fed via lines 83, 85, 87 to heat exchanger 89, where they are cooled down to
polymerization temperature, and thereafter to the reactor, via line 91. One skilled
in the art will recognized that lines 83, 85, and 87 may be varied or combined.
The catalyst system components are fed via lines 93 and 95. Again, one skilled in

the art will recognize that these lines may be varied or combined.

[00182] The processes of the invention are carried out under boiling
conditions, for example, temperatures between about -100°C to about 15°C, such

as above about -50°C, at pressures in the range from about .1 to about 6 Bar



77 joins the reactor to the discharge screw 75, which
inturn is connected via throttle valve 79, to the
walowloe7ssTr ew devol atilizer 81. The nononers apdI/US2003/041221
diluent are fed via lines 83, 85, 87 to heat
exchanger 89, where they areggool ed down to
pol yneri zati on tenperature, and thereafter to the
reactor, via line 91. One skilled in the art wll
r e6Q@E 2 ¢dr ERGhpIL] 1€35%85the §Sactd?Né k8t AMe BfrilNEHUrE reBbure of
conbi ned. The catal yst system conponents are fed via
| ifroesalgidit dnt aBbut 488 an absolotes surhids|0etiBamnabsphige.art  wi | |
recogni ze that these lines may be varied or conbi ned.
[00182] The processes of the invention are carried out

unegrsspoi | i NG ﬁg&@ia&é eAlfectddqn (B adiBloR dohRIE@rthén)vasline 97
bet ween about -100C to about 15C, such as above about

- 50 Che knoplray sdmas 9Pn Aimeandlyigs dongel ddoun linety apdymore
6 Bar WD 2004/ 0675 P 52003/ 041221 L ut
P FONBp, O Seah 6 A5 Rt & bR pRPREI fre. The

eqidpdrs IR BCREBSEUAE 99T are fsepMcabompressort 103abgailind Bar The
absol ute, such as 0.3 Bar absolute. [00183] The vapors

arcempusisbasioapars aje eorled antbqopelenssdin herd exehangendla. | i ne

97 to the knockout drum 99. An analyzer control AC on
line 97 adds nore nononers fromstream 83 and 85 to
NHOOES| N a CRirsdoaténspedsiflashiedin flashedruithE07, viapthrostld valve 109,

b S5 B 2 SO ST S H AR
' nlO'?%g;ﬁ&ﬁP?g%ﬁfeagan? fe]c_lgtg QBte % WQ%géxtiféd' ahd recycled to

flash rum , via throttle val ve 109, °
whinobk-dutogrsint 9@ via tiss Ui & dand thérefremmnte dosveéssais1@Xaia lofie 101,
t he react In flash drum. 107 a part of?.%h

[ 5. . )
c IR 2 ftged VERPTS 1PBYRY rop fhFeTepeian Wa Jinsod1 -, Z% PR PE the

I eoYGdhtketrod tdhesiHe QMbe 409119 RAectvdl #n fhdhedrbihll 0783 liquid, at a
therefromto conpressor 103, via line 101, together

wi temperhirey glose $o dutriofigedctan hEhisdigidis sapt 4o thenagyr under
A part of .the-. c ensate fed.taq,throt '
cdPfeodie HEtrEdte ol Fuh St dof VB bogheigty Aol 55 ar
t eiRBstadoRetely0Reydl€d thtas Afquideast ®terbferatiife Slosd @uihak of the
is sent to the reactor under_  level control, via‘line

118actery aThe eppdymerization hepd ipapeipevedr dipme dhie pipasiah dsofatent

55 ar t conpletely recycled to it as |iquids,
atvagoﬁzeaﬁ%ér%a%?tme close to that of the reactor. The

pol yneri zation heat is renoved fromthe reactor as

| at ent . . .
[00185] Any non-condensable in heat exchanger 105 is purged via an outlet
placed in the coldest part of heat exchanger 105 and sent, via line 115, to a

vacuum pump (not shown in Figure 5).

[00186] The slurry produced by the reactor is concentrated, as already said,
in the discharge screw 75, fed through throttle valve 79 to mechanical
devolatilizer 81, where the residual liquids are removed, by combined thermal and
mechanical action, as vapors via line 117. For example, the polymer
concentration at the reactor outlet can be high as 50 wt%-70 wt% at the discharge
screw outlet. The polymer substantially free of diluent and monomers, is supplied

via line 119 to a finishing section for baling and packaging.



vapori zation heat. [00185] Any non-condensabl e in heat

exchanger 105 is purged via an outlet placed in the
weoldeets7part of heat exchanger 105 and sent, RCEHUBi00®041221

115, to a vacuum punp (not shown in Figure 5).

[00106] The slurry produced gy the reactor is

concentrated, as already said, in the discharge screw
75, fed through throttle valve 79 to mechani ca
devol atilizer 81, where the residual liquids are

renmoved, by conbined thermal and nechanical action,
aq00ER¥pr s vila ahialternbiive efbodigmeatys showhen pagurends the invention
cancentratipn. at the reactor gutl.et_.can be_hi as 50 ..
TGRSR e it s GevcrEl afy ERR o7 Th EopBTgdn tis

SUbMARAThER! ¥ didcBBreBischiv ¥8Rhd @Qﬁelr@%%?lacécﬁby a funnel 125
supplied via line 119 to a finishing section for

bdbeateyl wead theatok agifrg. of W B@@d phasespIngEY) Vigdme3L204q yalve 79

66 [,00187] .In, a ternatiyve .enbodi n as. shown in. ;
2ot e th g o GO [ o RGeSt Weghbhism in
Whakudes 6088CT ] Ded el NeEi €BIreTs 65; dnd HOWRNE falsol Be kdpldced with a

enbodi nent, the discharge screw 75 and barrel 73 are .
r eqonzesignplimweflemi?2dl Fopsxampleat eenvisatipnal rapellsy naayr eganeaxial

P e B bl PRE R TRPREG, FE By BB ot Abub b lE. ™

m xi ng nmechanismin Figures 6 and 7, i.e., 61, 63,

65, 67, 69, and 71 may al so be replaced with a L
cdfOEHHi onallni #yepf dhe afogemenjongd prphadimentsohgeprlypgEFation
! r@r%:p{ﬂ%{urgﬁ'}ég%% i 3%8@lko -1f0b%\,' HIRRLV& X ﬂer-?g"@go -f7IO°3(Y\,' and
I npefler, 1.e., up-punpli ng or down- punpi ng. 0188] In
angtteafatitElg, frbmnr-¢0f€htoi-60%d enmbodi nent's, the

pol yneri zation tenperature may be from 15C to -100C
alternatively, from-30Cto -70C, and alternatively,

f r[@pgﬁoc t olnaﬁgpof ROLEREmERiHRY @fibddMBents, the polymerization

af o nti one nbodi nents, the pol ynerization ~ nmedi um
mayediememaypbe avapdraied prmssuresdrdm dhh BalatBalutatys Bat ebsolute,

to.6 Bar absolute, alter Lvel from .1 Bar
Bl o ipmah Pas ol B BiGeipuls A ptianftivepy Ggm 3 Bar
Baghsoalsigl Ut & absoldteBar absol ute. [00190] In any of the
af orenmenti oned enbodi ments, the pol ynerization

[00190] In any of the aforementioned embodiments, the polymerization

medium may be evaporated at pressures from 1 kPa to 400 kPa, alternatively,

from 10 kPa to 100 kPa, and alternatively, from 30 kPa to 100 kPa.

[00191] This invention may also be practiced in batch reactors where the
monomers, diluent, and catalyst are charged to the reactor and then

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

then recovered.
[00192] In certain embodiments, the invention is practiced. using a slurry
polymerization process. However, other polymerization methods are

contemplated such as a solution polymerization process. The polymerization

processes of the invention may be cationic polymerization processes.



medi um may be evaporated at pressures from1l kPa to

400 kPa, alternatively, from 10 kPa to 100 kPa, and
w@bkdoaemri vel y, from 30 kPa to 100 kPa. [00191pCTOE®03/041221

i nvention may al so be practiced in batch reactors

where the nononers, diluent,g7and catal yst are charged

to the reactor and then polynerization proceeds to

conmpl etion (such as by quenching) and the polyner is

then recovered. [00192] In certain enbodi ments, the

invention is practiced. using a slurry polynerization

pri00dy. Hovievere, embdrimeptn Itlyempplynmrizaiﬂnmist troded ane where the

con | at ed such .as, a sol ution [

po rization

o m?ngmstﬂayﬁ@ i 3af Pismprers R8st Sl Dhise. Preferably, the

120RYs ORri6RbhiaRiaCcopAhYIER %Jol}%ér@ﬁtl@ﬁ BERESER WIMED the
2 /067577 PCT/ US2003/ 041221 67 [00193] In one
emaltﬁilystr,e monomige(s)p cindndilienit dre rpresent aasr & @ngi@tphmer eln slurry

cat al nononer ese

sil?w"é)(%erﬁ*?g§’é’ B POPKE 2 E‘gﬁg(l ;’5’8?‘ %ﬂ@?‘i" S ‘%‘15°1b% in the
cadifueftl o Wilubit MigerRy iiRUOshsHky ﬁeﬁlhg’lé d}blﬁtﬁe ,owalleSke polymer
i n"whi ch the catalyst nonomner (s), di luent are
prm@pﬁa’ta% frame the gliliepihwith. gaod sgp%rﬁticgn frgm {heettilueat.i Hlgsirably,

m SC O&E 1[16% {PR@?A g:'?sﬁfél(l " 193%11%&&% ag.tl {n(:actgd %&eht?le or no Tg

cmpteksible oﬁ tlsd pollymephad/er linkd bend ldﬁumlmm ruptake as shown in
precipitates fromthe dlluent wi th good separation
f rioghiere  dhvsy @ﬁtquy@%t%m e dikigpfs @% dhgpregent ;5’6‘(‘%‘@? provides
Sf%?lhh%pgol htr Q¥RLRhESh bE ngharhed IB]X' l’lb(f t§ VWth @80d heat
sion of the po ynmer and/or little or
dl ﬂransfdr madiwed pteakier afoubihgwhonmvgehdogsr pol&meiﬁlzatmn and/or the
nerlzatl n |n the diluents of the present .
’E‘?‘S?Pep‘t oUPERIGent I5RCtQNg o E’SI yRgireeihn, op ﬁ‘?f‘r Lspibine rplymer
bqnngmg]ed at | ow viscosity with good heat transfer,
reduced reactor fouling, honbgeneous pol ynmerization
and/ or the convenience of subsequent reactions to be
u ectly0on the.resulti ol mext ure
[ o0 The PR a8 SRS R ByPR ogie L b8 of gl 1o
padSﬂe ébodifént] th¥ cohdentr@fiéh €NRE ol Th thd derry is equal to or greater
concentration of the solids in the slurry Is _equal to

orthgp d8vel’e. {mappthe epiodimen, te sopeantraiigibel wélﬁﬁ in hgeslurry is
Co&%&% 57 LT LM S oédugls th Nort E?ea%e!r URLY 3% vol%. In yet another

embodiment, the concentration of solids in the slurry is less than or equal to 75

vol%. In yet another embodiment, the concentration of solids in slurry is present
in the reactor from 1 to 70 vol%. In yet another embodiment, the concentration of
solids in 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



present in the reactor equal to or greater than 25

vol % In yet another enbodi nent, the concentration of
W@ lge7s7 the slurry is |ess than or equal toP@BUS2003/041221

vol % In yet another enbodi ment, the concentration of

solids in slurry is present 4gn the reactor from1l to

70 vol %. I n yet anot her enbodi nent, the concentration

of solids in slurry is present in the reactor from5

t Qohen¥iatidh of SoliRtin l@fﬁ?&%ﬁcerﬁfﬁﬁ@ﬂ i9Bitent iMhe reactor from 40 to

concentration of solidS in slurry concentration is
pridsetde.in the reactor from10 to 70 vol % In yet
anot her enbodi nent, the concentration of solids in
slurry concentration is present in the reactor from 15

t qodfosyol % kot emBoRbAlk, BRFPRAIIBREIM i§ BEbstantially free from
concenfration of solids in slurry concentration is

prsédénangation predvsingespetigs. Hyosnbs@ntiallys fre¢ off Filich patjen producing

anot her .embodi t, st he.concentrati f solids in
sIFES> c,lg fc gﬁ??qg{fﬁatoﬂlefeslsp?%&%? tﬁ?‘P t% hrbg O?e‘%tu/fj t)b Ao Gy total
t ayeiBhtvef the hdnoets anaidlersileabadioneprodudife species in the feed
concentration of solids in slurry concentration is

prsésamt Typieahexamaples of sifiew aatBu produang spagies|aie Palp-alkyl silica

L

sl dlityl yando1ICe st 4 ablogén. i Bhepreasiimit conditidng widlaled suchf thatmiekirable
to 70 vol % [001§§i I n, sone enbodi nents, the . .
f dEMPEPRERNMFSUL AR sefideary finer w8 FfSohye 49 madnfaidalbp graction
pr . . i1l .
o RUMEHE PRSP SUBRERL UL ALt 80y Br b s i
nocharacteristicsn  Thé @@mowtedsftrasissatamnist ypictldy atibstantinli tfreefof any

the mononers of these silijca cation producing species .

| AR SISy RS i S Ul ey Phes bl ation
Progufions SRR Ex8SpR! $n REME-AUMImSit, | 8 mERIRY UBES preferably
having the formula RIR2R3Si X or RIRZSi X2, etc.,

whebpridn beRsubsganginlly afrkgy | ofabdsesX(such as hesustifon . sulfecontaining

reaction.conditi Hd . be such that desirab

t enlaotBs BROL b 2B, L0k anF ol REm AR GE” Lk fthu psrsapten
t Gethifli Mkdaptahf) enifré@at ¢dainiie dbades, i dkyebie coh@itigk Hhskesuch as
and to_ produce the desired polyners having the desjred

c hrdeeheleanidsthe Hke. Hpweyrs manomer sesd-i8ey baless Rure,fypically ot less
S Utﬁglﬁ 854y @Js{a«% o{x héifn &Eﬁ@%onfeﬂp Wik %bryfﬁfapg, it 184VRIE8Y, not

reactive w he catal yst under the polymerization
cdesh thaw99%. Fhr prefargdl embddimsmsrtheeiynditior atespresdme at less than
nmopoper fee r ef er abl

10,000 ppm (gy F37ve?ght), pret)érably less that 500 ppm, preferably less than 250

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

[001926] 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
15°C, preferably between 10°C and the freezing point of the slurry in one

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



shoul d be substantially free of bases (such as

caustic), sulfur-containing conpounds (such as H2S,
w@aH4/0605d7 Or gano- ner capt ans, e.g., nethyl mer cRQI/ES2003/041221

et hyl mercaptan), nitrogen-containing bases, oxygen

cont ai ni ng bases such as al ¢ghol s and the |ike.

However nononer feed nmay be |ess pure, typically not

| ess than 95% based on total olefinic content, nore

S:&:ﬁlﬁ{dﬁg%}{e@r&%& et ztaﬁ?lgte%ﬁ)é‘}anﬂ@tls fbfiS 3105030 - R)%%lam from -

erre e I'mpurities are present
| eg8Ctteat00°C Gn §ODarpfter epotidiepht In yep hedhenaddsitable embodiment,
that 500 ppm preferably |ess than 250

priB¢ &smapargiuredanes Kaonspo Epfﬂ -10P&+- eFfsBFe;ﬂ%grgtl)@ diffespntygertion
p%d{tgﬂg%ﬁ pfSiuks be‘ﬁﬁ@@'okﬁlff‘&ﬁmm@cul&e@%%htg N §GhifEsis of the

t enper at ur e, PeonceRtratton e nature o
r edesiradh treactiam dpredundt | may fhecacdneyed,eﬂmreffbrae thromgh chonitoring the

C E A8 dheer P R SR S e peri el durng the
t%g&fonpmaeﬁﬁaugwl&wbﬁmo \ gtk and the monomer to be

polymerized as as sfandard process variabl e and
economi ¢ conS|derat|ons e.g., rate, tenperature

co , et The er e for_.the .pol riz

T IOPEZY  harn doeehiERl Bhaifeng: e o PBE AR Rretatre i
f f\@ﬁthrl@P@Ch'bB**ae e frdt@ingl phistYofithe @t€ent e;nfeﬂselabw Kkﬁthlrﬁ@‘lt above
from-25Cto -120C i n anot her enbodi ment. In

anibe fisezivgpoindaf e AorentpaEfaudiy 93thona A2 abovsghe freezmg point of

ol ri f
° TR YR kRS YT, 4% R0y SRGAAREphbe o e,
er@@ﬁkdﬂ?ﬁﬁmthirﬂ Z%Qb&@t}féeﬂiee@ﬁ@ Iﬁcﬁbﬂ @f &ﬁhﬁﬁieﬂ‘@ keferablyewithin
nperature range is from -60C t C. Consequently

d| Tr Feab@ﬁ@ thedeegingpoit o dhe dibisat. vﬁ qr|thf'ppla‘aa%eé oh Flbwaﬁ%twn and
Ofthg ci él‘ﬁE %eﬂl‘?&u{hg doh}f\ﬁt: g‘%@m %"Et ;ﬁ)%% ?hepﬁreéﬂfg Pomt of the
t herertore,

desired reaction product may be achieved,
t hdibegt! isosedt ionieags thedreezing pemt of thdwdailueﬁaphis T CoyF drlwample

" Ak e R L SRR S oy LT shevfiche ok point of

[ OB Afihert s g ef erred enbodi ment, the pol ynmerization
tenperature is wthin 10C above t he freezing point of

the diluent, preferably wi thin 8C above the freezing

poj f th |Iu preferabl Wi thin 6C.ahove the
Pl ophl R e hARIAE R e ey,
abeuteitdrhend diRRAl May P&y Tor®bnd HrabsUinéanto, another.

[00199] In another embodiment, the initiator and Lewis acid are pre-
complexed by mixing together in the selected diluent for a prescribed amount of
time ranging from 0.01 second to 10 hours, and then is injected into the
continuous reactor through a catalyst nozzle or injection apparatus. In yet another
embodiment, Lewis acid and the initiator are added to the reactor separately. In
another embodiment, the initiator is blended with the feed monomers before
injection to the reactor. Desirably, the monomer is not contacted with the Lewis
acid, or the Lewis acid combined with the initiator before the monomers enter the

reactor.



preferably within 2C above the freezing point of the

di luent, preferably within 1 C above the freezing
w@oioanes7 t he dil uent. For the purposes of thiBCT/US2003/041221

invention and the clainms thereto when the phrase

"W thin XC above the freezinggpoint of the diluent”

is used it nmeans the freezing point of the dil uent

plus XC. For exanple if the freezing point of the

di i's ! d Pt Blisali
I, gl ARG ARUFHE, B RS L B
t hedlomed aorpre-doagdexsby erxing cegediey s the selectedatiloent anenperatures
di.l uent may_vary from one enbodi nent to_angt her.

[ GRS 1 GABH M e PHEA TR 16 GiCin i hciypantact

aCtPHe BEveRh 01 956@5&%9& *%Xveﬁ'llx%d%%s,taﬁﬂeﬁéﬂ%é?d B,1t 8%onds and 5
sel ecte I'l"'uent tor a prescribed’anpbunt of tinme
r angiutey, preferatly Qdsssthew 3dminmids) pheferably beteie¢hOR2 sezonds and 1

injected_intq the coptinuous reactor through a

c dnmipchefors Juipetiogyin OHF%EEF‘FTGFT apparatus. In yet another
enbodi nent, Lewis acid and the initiator are added to

the reactor separately. In another enbodi nent, the

i 002¢d]or i dnkdnetice dniotdhmdrit eofftbe dnventioneths ipdfatoreand Lewis
injection to the reactqgr. Desirably, .the noner, is,.
nGleiE 6t Bl (i i SCRUTEL RY SHbGAR IDEBET hahd SRGed dilgent at
cogRbaathrdd bbvicbs 80°Ct bAd Qhe bt?ée@fn% gBi%t NENEHEE Biudil Bfpically
the "reactor. WD 2004/ 067577 PCT/ US2003/ 041221 70

[ 08:2063n -HO°GadeH0UT.nent of the invention, the
initiator and Lewis acid are allowed to pre-conpl ex
by m xi ng together in the selected diluent at

t JEREIAL Ur eSThlRWRERsid4RE tARGintthE rdabRe éMGm?Pﬁéﬂending upon,
temperature of the diluent, with a contact fime  ~
bet-gve ertaly s0activity omds cansentsatipar alonhwer soncentfaer, vieet injection

0.1 seconds and 5 . nut es referably. | ess ;than 3 .

i st S5 Blep ror i e B8’ SR8 el EHIIRARY, Hejeht ana
bedcpemilliy nivEIC bé GRtvwdhOaBoe ar RAC k&ondd @A Gle houranaidefpically
enbodi nent of the invention, the initiator and Lew s,
achaiwegneabut bhand 08 pinstes onArekles ynikisecig reggderagding gclude

e FREEEPER AR Blojel ERIEEM 5 ohBatRe FapmaR:

-40C and -100C.
[00203] The catalyst (Lewis acid) to monomer ratio utilized will be those
conventional in this art for carbocationic polymerization processes. In one
embodiment of the invention, the monomer to catalyst mole ratios will typically
be from 500 to 10000, and in the range of 2000 to 6500 in another embodiment.
In yet another desirable embodiment, the ratio of Lewis acid to initiator is from
0.5 to 10, or from 0.75 to 8. The overall concentration of the initiator in the
reactor is typically from 5 to 300 ppm or 10 to 250 ppm. The concentration of the
initiator in the catalyst feed stream is typically from 50 to 3000 ppm in one
embodiment. Another way to describe the amount of initiator in the reactor is by
its amount relative to the polymer. In one embodiment, there is from 0.25 to 20

moles polymer/mole initiator, and from 0.5 to 12 mole polymer/mole initiator in

another embodiment.



[ 00202] The overall residence tinme in the reactor can
vary, depending upon, e.g., catalyst activity and
W@ eove®etsrat i on, nononer concentration, feed i NPE@USN3/ 041221
rate, production rate, reaction tenperature, and
desired nol ecul ar wei ght, ang; generally wll be
bet ween about a few seconds and five hours, and
typi cally between about 10 and 60 m nutes. Vari ables
Janci ng ?qﬁg
?uenr fele?ﬁk%%@P@HfFg?ggﬂgﬁ%ﬁéhe over a gg%?%Fsyﬁmn
v @lf ﬂ{mpreieﬁﬂﬁﬁ&]ltloﬂte ca‘aalb&le)thet pélywtizataoni qf)thet monmn@rmmtmmng
tio ut|I|zeg Qse convent hi.s art
G CaB aEB e a1 RSt (P otbakmef e Gésired
Tpﬁqbt@ﬁﬁcsqanpf&ﬁcé@v?ﬂé 'fé%ﬁustltelé‘lﬁ e %{boﬁﬁn&ﬁtc%hﬁéﬁfs 4 total
nol e rati os ypically be from500 to 10000, and
i mdroemer mgeemhu@tﬁ)@@eatw 880 Q0i wt%ar(baded ronethieddfaevright of the

t h des nbodi
S oheEs 53 D RPN 35 e gy, s

0.cfibolifindht. THYePURSBE eribsHiRRBAY, Mhd RiRdQfredh 8villNddnkaAh Fom 30
inthe reactor is typically from5 to 300 ppm or 10
t o»v%@o é@ Wt%rmenemat eenceairatom brsed loa the totel weight phmopemer,
ca amis typically from50 to 3000 ppm
rgt@ ig)agagysﬁgyﬁ Manot her way to describe the anpunt
of initiator in the reactor is by its anount relative

to the polyner. In one enbodinent, there iis fromO0.25
t d08295] nol escaé%lb’§1néfﬂqmc¥ (hesed aqmoLevdnpoidoi othg fegetor is

v BB BBl Ch s 8PS SRR 300

I gRahdy of\liplolynwr}teaip’ouﬁdfdf citeipst anpdesiiablyf int the range of 4000

cat al yst stem of the_present vention_to catal
trf@uaﬁq YIRER RS ROBR %@ﬂﬁﬁdﬁépg‘%sﬂﬁ%ﬁ‘ﬁ of Rglymer pe pound of

f Q:%ﬁflycﬁ § @%tgﬂﬁﬁg ﬁ'%%olér aHb bF Eb@&tacﬂﬂ%liﬂltﬂaf%; pol ymer

havi ng eS|r aracteristics i s produced. The
feed-streamin one enbodi nent contai ns a total

OO SR SR T 2P R Bt o

Cﬁhéllﬁﬁéﬂtﬁﬁﬁﬁ eﬁboly%ﬁ Rinelistprene Spoiy et '('blﬂjﬂlofdﬂfbér) that has a

mbodi ment. In yet another enbodiment, the feed-stream
W| moleedait *anexghf digiribgoon wf fom abeitvdk 9 Aowgrasy unsaturation of from

d|o(?€ Z(h% ﬁ%{n%tg‘{aegsfe SyS{%ef @b %ol%eg I?bO %olggp HBbmer. This

product may be subJected to subsequent halogenation to afford a halogenated

butyl rubber.
[00207] In another embodiment this invention relates to:
A. A polymerization process comprising contacting one or more

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

B. The process of paragraph A, wherein the diluent comprises 1 to

100 volume % HFC based upon the total volume of the diluent;



[ 00205] Catal yst efficiency (based on Lewis acid) in

the reactor is rmaintained between 10, 000 pounds of
w@oeingoers7per pound of catal yst and 300 poundsP@I/US2003/041221

pol ymer per pound of catal yst and desirably in the

range of 4000 pounds of pol yper per pound of catal yst

to 1000 pounds of polynmer per pound of catalyst by

controlling the nolar ratio of Lewis acid to

nitiagor. [ﬁgﬁg@eﬁ%ﬂf PRSEPR A0 B NWherbiGhé B AABM dielectric

pol ynmer from one enbodi nent of the invention is a

pol yi sobut ylcenstAntsdRi enenqpo bty86¢C;( but yl rubber) t hat

has a _nol ecyl ar wei ght distributjon of from about 2
Lo 7 B anthssatiss 5 pohobPeRghs 8 & pigCevperai the Folymer
al ternati velpsg afdia8Rt@naas Lptalk® oPle5Pth8n 4R4%100 mol e of
mononer. This product may be subjected to subsequent

hal ogeRat i onlheopratessrof anshaf mgeaszamdd Ablk \¢, ebbevherein the
[00207] In a ﬁtghe@gﬁnbod' nent %hd'gs igventi on rel ates

to: A A polcg P PR SR SR W USSP, ng cont acti ng

one Orfor e THEDROORE of @R QardsmishsLWBS (RD,d% BNEhes the

or nore initiators in the presence of a diluent )
conpri si ng dndiatar isrpalectechiremahe gerupcennpisiag piHrrdragen lgilides,

The process of A erel: [ .
compri ses 1 ¢ S0, APise i, dRab AR, ang, gyicres
vol ume of thiedof;uent; WO 2004/ 067577

PCT/ US2003/ 041221 72 C. The process of Para ra%h A or
B, whePein tHe mipesshal any af Bragipphe A, Bokis Dakt Obf» pheigin the

nore at -85C aLaal A ]
or C, wher e&ﬁoﬁ%éggeggﬁe?e&%ﬁg@gﬁ%féfoﬁén@ mass upt akee,%ara
of |ess thaméhylsty¥neE. Thealphooedtylgyreany of divinylbenzene,

par agr aphs A,.. B, C, D, wherejin t ilyent furth
conpri ses a%?&?@?ﬁ‘?ﬁ%ﬁ’?erﬁ’ 15?['“%”&"&2%@%#32%? 3- e.%yl'l'
par agraphs Aydhe, G-mBihyRb-gentetB e iRbrenk N ®utalifRhbd, a3, 91dihethyl-
sel ected fromthe group consisting of hydrogen.

hal i des, a k3buotadienec aBipdesnewat enyrcenss t i £x6-dmnilyl-fulvene,

‘ hal I des, andl‘ler)rclaa(iteﬁlers,e%yclopentadiene, methyl cyclopentadiene, piperylene,

methyl vinyl ether, ethyl vinyl ether, isobutyl vinyl ether, and
mixtures thereof;

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

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

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

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

L. The process of any of paragraphs A, B, C, D, E, F, G, H, I, Jor K,
wherein the temperature is between -105°C and -60°C, preferably
-80°C;



thereof; G The process of any of paragraphs A B, C
D, E, or F, wherein the nononers are selected from

W0 b@4@670p consi sting of styrene, para- nethyl BEYUS2003/041221
al pha- net hyl styrene, divinyl benzene,
di i sopropenyl benzene, isobutylzene, 2-nethyl-I-butene,
3-nethyl -1- butene, 2-nethyl-2-pentene, isoprene,
but adi enes, 2, 3-di net hyl - 1, 3-but adi ene, 13- pi nene,
nmyr cen 6, j I di ,
cycl o pg/lrit ad ?g%'el% Frée}tg I%f/ Mgﬁ?@%%rﬁ@%%eﬁgﬁ%i I%)’eFr’y(l}’e}rIfeI,’ LorL,
met hyl vi nyl widrhiar theeprogdss \domplrisest e rinitintogreatér thanyd0 ppm
ether, and mxtyres thereof, H The process of any of
par agr aphs AVatgr (basediipop weighty and yhere  styrenic
bl ock pol | [ :
1. e pr oceny P pRIERATy bl SRRk PR G 1
G or H whieddinLtdréMt enperature is 0OC or |ower; J.

The process .any of paragr S C. D E. _F,. .
or 1 Sher oi P pRee P BRIARLFL e Rypiipriingusiy isRonihigation
freezi ng poiwith ef ﬁohacedmréxﬁarvoiliﬂé-pthﬁ:a@ﬁo@@ﬁﬁn.of any

of paragraphs A, }E)B C, D E F, H 1, or J,

wherein the slurry is substantially absent of water;

L. S aragraphs A, B, C, D, E, F,
GI@%??R?X%&%?LI%?}Q{I\%S% he tenperature i s between
-105C and -60C, preferably -80C, WD 2004/067577

PCT/ US2003/ 041221 73 M _ The, process of an}x{ of .
palf8éPEphs AThes pelynpers pof the igvendion proyide,chemicalyqad gilyysical

th o Y iedl
A L Lt e
byloanyegiee pat pgmagabrityh, to Bgas€; aBroults Eor GRe Hrgest ,usds o, these

poolgfmers, namely inner tubes and tire innerliners. These same properties are also
of importance in air cushions, pneumatic springs, air bellows, accumulator bags,
and pharmaceutical closures. The thermal stability of the polymers of the
invention make them ideal for rubber tire-curing bladders, high temperature

service hoses, and conveyor belts for hot material handling.

[00209] The polymers exhibit high damping and have uniquely broad
damping and shock absorption ranges in both temperature and frequency. They
are useful in molded rubber parts and find wide applications in automobile

suspension bumpers, auto exhaust hangers, and body mounts.

[00210] The polymers of the instant invention are also useful in tire
sidewalls and tread compounds. In sidewalls, the polymer characteristics impart
good ozone resistance, crack cut growth, and appearance. The polymers of the
invention may also be blended. Properly formulated blends with high diene
rubbers that exhibit phase co-continuity yield excellent sidewalls. Improvements
in wet, snow, and ice skid resistances and in dry traction without compromises in
abrasion resistance and rolling resistance for high performance tires can be

accomplished by using the polymers of the instant invention.



0. The process or product of the aforenentioned used
in conmbination wth or produced froma boiling pool

w0 e@anaers7system | NDUSTRI AL APPLI CATI ONS [ 002PGT/US1ve3/041221
pol yners of the invention provide chem cal and
physical characteristics thayy make them hi ghly useful
in wide variety of applications. The |ow degree of
perneability to gases accounts for the | argest uses of
these polyners, nanely inner tubes and tire
innerliners. These sane properties are also of
i njpe211nce iBleads oftths Hodyrsers oifi ¢henmtventiampwith gbgromiptastic resins
bel | ows, .accumul at or .bags, and phar euti.cal
Q1858 JF8 FOrrRNEReIRGnal (BERLFQTRRINGY. (HENHERY RePelygihvigps and

i ni‘é@tﬁét'ic%blgli?rgﬁyléﬁbeﬂ’eio‘iﬁﬁlmﬂjcﬁﬁed WaRS 1ol 307 Gt %‘gg P8lyisobutylene.

bl adder s, tenperature service hoses, a

c oimwestain appli¢aions) thdimstantpdymeats prewidé farg. higldp 2etic Ferepound

pol ymers exhi.bit high d in nd have uni guel y .broad
Qo Baare-dbon EsPBr oA GG et dh: pihe polfineRof the
t eApahEheRion Behyl 1 RIMEPIeNded FRRY poldhiRides & ploduse sbk@dustrial
rubber parts and find wi de applications in autonobile

suanpbingions. bunpers, aut o exhaust hangers, and body
nmounts. [00210] The polyners of the instant invention
are also useful intire sidewalls and tread

coppeLa]ds. | ThesipdBiidrk Sof tHee ifddny n@keraivar atlyealsst besused as
i mpart. good ozone resistance, crack cut_growth, and

apphssisere cautkhe sgdanysetnd slzing ecomppyads.i Bheynale alsgougsul as
bl ) 4l at i ' Lene 1. 1
SRR B UL 816 BUSTABID Q1R 4060 i ncr
exibel demsityspalestaylese (LhPPEY erfentss thaynindete clingwp stretch-wrap
ice skid resistances and.in dry traction w thout . .

c oMo ST AlSo JE gLy, GRpIp B 1 Wb 8 dispersapty and in potting

r esdsdI & 'ﬁalf:%leﬁhﬁﬁrﬁﬁ%ﬁél'é.”ance tires can be
acconpl i shed by using the polyners of the instant

i nvention. WO 2004/ 067577 PCT/ US2003/ 041221 74

[O é@ Bl ends of .the pol.yners of the inyention wt

nDBRE ast i B s P BRISTE B Peves MR PR De Mg
coppouRdfyl il GhewWrBSidny, BO! Well ha enemadidal iapAlickeibhs such as
pol ypropyl ene are often nodified with 5 to 30 wt % of

popiarmatautigal stnppers) andoibe es forppint rdlers. ons, the instant
pol ynmers provide for a highly elastic conmpound

[00214] The following examples reflect embodiments of the invention and

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

[00215] The polymerizations were performed glass reaction vessels,
equipped with a teflon turbine impeller on a glass stir shaft driven by an external
electrically driven stirrer. The size and design of the glass vessels is noted for
each set of examples. The head of the reactor included ports for the stir shaft,
thermocouple and addition of initiator/coinitiator solutions. The reactor was
cooled to the desired reaction temperature, listed in the Tables, by immersing the

assembled reactor into a pentane or isohexane bath in the dry box. The



that is processable in thernoplastic nolding

equi pnent. The polyners of the instant invention may
w@bk®a/0bm7hl ended with pol yam des to produce ot PET/US2003/041221

i ndustrial applications. [00212] The pol yners of the

Instant invention may al so bejsused as adhesi ves,

caul ks, seal ants, and gl azi ng conpounds. They are al so

useful as pl asti cizers in rubber formulations with

é"f ﬁé?en f lz!lr g#rdlrogﬁg&ﬁ L batl. \ifdgngcﬁftrollleg"\fodﬁmﬁdé Y All

uce C

aggﬁlcah:s%almuld |cbﬂf§et a&ttﬁych@rr@acﬂbﬁ Qnadhi e | Wer€ rmieayaﬁdl 20PC and
ricants as dispersants and in potting and

eI(@olqdl ¢ml a clatrbéerf igtmpsphermtheforal yse. [ 08bsiylang ¢Methgson or

Lol S AT AOTEG S OL PR SR (80 HP!5pRE B gos

apRtdut ?ﬁ‘ﬂhr@@ Stamlsh stasl collhﬁﬁsfﬂifﬁ&iﬂﬁlh @hrnﬁh @RI vadnel céﬂd%nsed
arts pai nt. rollers. 00213% e fol | owi ng_exanp

r efdecotleetnh ot igwds in tie drydoxnaliprnativelyn anethyl @hbyldﬁdwas dried

T Rl B Byl SELURYRL Uinac 8BGaBnd Riics ecl and

pa?fleémﬂmg&@s Batk aliiélttd:rmhs V\E%ﬁ?tﬁlenseéqmﬂ RpHected bhliquids in the
teflon turbl ne | eller on ,a glass, sti ft

bydrs hogx {opreRe (Addrashy yasrisd Qfver walsiugy .hwaré‘? mﬁf %lﬁs% under
an I S

o f&gﬁgm}?m&{y‘mﬁ%ﬁg é%ﬁﬁ*cﬁf%? Hiell %V@Ioéeﬁguﬁloﬁy rﬁfécethd ditilled

he reactor 1 ncluded port
f amdeherasiuini. SBMPLCI (ZPMMm&@apiranea]msdp@dmeb | voaB pfepared from

cobAGHPIDREAEE! | 1 oAb Bl SoliHier o L. (G lhey, The

t henipebhes ,dls@mea %@%&@h@g Tho €1C1aASE Rl 9@%@@@ skl SOLRIGRA was
pent ane or isohexane bath in the drg box. WO

2004p06d bY disegvingsedeBalds papunt gHHE gqﬁemalm Mecafto tah]@leve 2-3

std red hydrocarbon ontro

BB e o A b bRhor et esh it cleor
Wedoorlish Sltpdds 42065 @Ndver€ ARk& thsi Fecdived.t I P8 fluorocarbons that
at nosphere before use. |sobutyl ene (Mtheson or

Baxmamm ¢tlpudgner med hyikibleh inspiudie pmcrpﬂﬁtesohnc@QC weere distilled
dr passin . t,hr ou ree st SS
fre e o ut AL O v Pt and used as a
c Othﬂﬁd‘.S A%kylaluminum dichlorides (Aldrich) were used as hydrocarbon solutions.
These solutions were either purchased or prepared from the neat alkylaluminum
dichloride.

L

[00216] The slurry copolymerizations were performed by dissolving
monomer and comonomer into the liquefied hydrofluorocarbon at polymerization
temperature and stirred at a pre-determined stirring speed between 800 to 1000
rpm. The use of a processor controlled electric stirring motor allowed control of
the stirring speed to within 5 rpm. The initiator/coinitiator solutions were
prepared either in the hydrofluorocarbon or, for convenience of small-scale
experiments, in a small volume of methyl chloride. The initiator/coinitiator
solutions were prepared by dissolving the initiator into the diluent (specified in
each of the examples) and adding, with mixing, a 1.0 M solution of the

alkylaluminum halide. The initiator/coinitiator solution was used immediately.



and collected as liquids in the dry box.
Alternatively, nmethyl chloride was dried by passing

wo b@496rs7T hr ough st ai nl ess steel col utms cont aPei/n§003/041221
silica gel and nolecular sieves. Both materials were
condensed and collected as liguids in the dry box.
| soprene (Al drich) was dried over cal cium hydride and
distilled under Argon. p-Methylstyrene (Al drich) was

dr : C i i still L .
VR nf A UMM GR R0E BophiceS e WG uation using o
prebfitede dlabs dasteBly figetter bnedptidnpint engecketadidirapi@ng funnel for
mol /L sol ution of in diethyl ether. e TMPCl .was., .
dieéiﬁ‘illpfeédu%‘& 250! e FRACUPI ST, _\&S% gupsgpnd or third
Stinfior RbH#iAG WaditioR R3PS &Y il #20 leyahﬂ}%e@ desie@blis the
anount of HCl gas 1n dry d to achieve 2-3 %
cqemndticat iand bdditken gift 2 Tevenfly dr chirdobaclar &fo disshlyaprepared
were. collected as clear, .. colorless |liquids at.-95C

wan il 3Gt eyt TR RS A owsEniions 15 the firs
I RN EBhCHIBKEN] BEaRRA ofitisd RibBer @tldPh] Pleedt®bf BiliRg was
at -95C were distilled before use. Propane (Al drich),

xlgfébmnqde@tet]wemd ok ghec adilitdors of caeld catsbygt hstch byl sigopigg and
| al umnj ichlorid dri o
nyePaRibeh “Eh R wReroSheels PRl LS PR Pl Seiring

P Uk e a@hinRindRBE efclisofudndRed Gath tBd kddiabi 6T ptedler than 100
di chl ori de. [00216% The slurry copol ynerizati ons were

pepicsrlien Bf masthanslvi RGVEBIAB NS, TeRAECE olEHRE Refgeat of the
t ' f.i ocarbon at pol ynerization
t[ﬁ%@%ﬁ?é@ﬁ%ag{[ﬁl&}ﬁ{at a pre-determned stirring

speed between 800 to 1000 rpm The use of a processor
controlled electric stirring nptor allowed, control, o i

t lO&H]r ¢ i ngPdpwet meleqilihi Weights pererietermined by S (sive
it ti b R frodul
IS CHRAIA S0l RSO S0 BRI o
snajuippsdaivith ecipmni hesi¢rs, andn aa Véateds| 41| differcofialnesfragtometer
chl ori de. i.nitiator/coinitiataor | uti

préfEdd E;Ttrr] GRS P SRS P %n-tE_SC?%ﬁW?VEF_Erﬁ set of
Rl S DR b BE SRR ORI, 2000010 e iz

The tallbratiinobasedi bht hatow moletdlbowaiglst pslgthobutylene standards
i mredi ately. WO 2004/ 067577 PCT/ US2003/ 041221 . 76 The

| rVATP o BRIt |SHSRIdshIvAST BFuiRs CHONEE HoGsWIaSvpights and
t hgpPBLNoERYy i zation using a

[00218] Polymer molecular weights can be determined on other SEC
instruments using different calibration and run protocols. The methodolgy of SEC
(also know as GPC or gel permeation chromatography) to characterize polymer
molecular weights has been reviewed in many publications. One such source is
the review provided by L.H. Tung in Polymer Yearbook, H.-G. Elias and R. A.
Pethrick, Eds., Harwood Academic Publishers, New York, 1984, pgs. 93-100,

herein incorporated by reference.

[00219] Comonomer incorporation was determined by 'H-NMR

spectrometry. NMR measurements were obtained at a field strength



chilled glass Pasteur pipette or, optionally, a

j acketed dropping funnel for exanples using the 500
worRoogloezss7 r eact i on vessel s. Wien a second or tPCT/US2003/041221

initiator/coinitiator addition is specified in the

exanpl es, we refer to the prgparation and addition of

a second or third batch of freshly prepared

initiator/coinitiator solution identical in volunme and

c [ ' b '

penaEtshBirs B 0b Ml 50 Sirtz "ILNME Rt Mk 18 opded at xoom

f dempergtuneason cefBrokdrnddamte INMRespectbntetee sybthing | g fCDCl3

each catalyst patch t oppi and renovi stir
eattit: Heas Yﬁrger%-h?ibéﬁﬂffﬁ%l o vieee ErF TR do TS,
spatula. Stirring was begun again and the reaction

guenched with the addition of greater than 100 .
i [00220] t er s Af varitharfoNMRomethods dravies beasp aisede do agharacterize

{ GoFBrph EpSHiith fad AP Er G RiCTORRE HepbRREY bty of
SEfiedeShéBod el Wei HplisdvO fRiRIIARAYE JfthiRUndenti®her 3\ general

Al liance 2690 separations nodule equipped with colum
heafesense andich Vieviews 4ho apriicalient ofal NV r specsmaipey to  the

detector.. Tetrahydrof ur S

ek SRR JORGREHe AT il (hrbooke H-G.
calianed ®. A 0kthrldk) Bds.2BR6wodDAcaddic ablishRAN ¥ork, 1984,
size. A calibration based on narrow nol ecul ar wei ght

paIgpi ZhR Ay bersin Wearparaicdkby TERAIecan Pol yner

St andards) was used to cal cul ate nol ecul ar wei ghts and

di stributions. [00218] Pol yner nol ecul ar wei ghts can
bef0d221gr m nebabdn 1 distsehe GisGlts ofpdlymepritons somipcted at -90 to -95
different calibration and run protocols. The

metchiduidggflusrocaions eadl st siorde (P 6h (Gemple d fband myApane
SR 3R ot HE | RTD6 iRtk Rbin ITRIERH Bed for these

S usxampiegr GBIRG] (2-¢idonoed i dviriprethyilsbachnby wlas hised as gmi initiator in
Pol ymer Yearbook, H -G Elias and R A Pethrick
Ed?@?‘?ﬁmﬁgﬁd Acadeni ¢ Publishers, New York, 1984,

pgs. 93-100, herein incorporated by reference.

[ 00219] Conononer incorporation was determ ned by

1H NVR spectronetry. NVR neasurenents were obtained

at a field strength WD 2004/ 067577 PCT/ US2003/ 041221



77 corresponding to 400 MHz or 500 MHz. 'H NMR spectra
were recorded at room tenperature on a Bruker Avance
WORR4BEEET r oret er system usi ng CDC13  sol ut i onRCDUS100®041221

pol ynmers. All chemical shifts were referenced to TMS.
[00220] A variety of NWR nethgds have been used to
characterize conpnoner incorporation and sequence

di stribution in copolyners. Many of these nethods nay

be applicable to the pol yngfgofa this invention. A
general reference which revrews the application of

NVR spectronetry to the characterlzatlon of polyners

is—H R l(rlr‘ eldorf in Paolvner -
and R e%’th‘l ck, Eds| Ve /\EBHV%“:‘%'U:m wut]l | sher g, Mol%
NExamply <, 984, Dpgmt 249@57 wiekn | ngawoporjavedviby - 1P
reference. [00221] Table 1 lists the results of
pol pirer | zaps ons cemguct edo_gdj 1909419 -95 &4 n 2.4 1.2
hydr of | Lor ocarn bons and thyl | chl oridel (CH3C1)
(BEsanpl e 169 3nd dgyg,ppane 3p&xanmpl g3 11) | f oggsconpanijson. 17
A 100 glasg mni-resjn kettle was used for |t hese
exagpl es. JgPQ (@r,ehl of 0939 4 4-@mknet1ylggntanebzmas 1.5
used aslan inijftiator inl thes¢ exanples.
2004/ 06y57d5 PCT/ Y2003/ P4Lg@1l| 7§7Rabl ¢ | §90Tenlp 4\@ elid 55
Conversion M [Mol %~ Exanple (C) Dluent (g) (W, X
10"8 MV M.od P |1 diy,cfib, GHBF49. O 2531 25 gyt 1l 22.52 d 14
-93 CH2F2 3. 83 3053 11.7] 3 -90 CHF2 0.99 24.8
29¢<3.4|1. 55 4 12_§§ 47. 15,390 4.6324. 2| 52399 79
CH3CHF2| 1. 48 37 %322 1.4| 6 d -95|CH3CF3 [2. 89
72.4< 32 293 2. ECF3 95 ChRFCF3 3]7348 B7. 34384 2.5 1.17 14
8 -95 CHF2CHFZ é D 142 2.3
8° -95 CHFZCHFZ 0.82 41.0 142 2.3 2.3
9% ° -95 CHF,CF; 0.39 293 106 2.8 2.6
10 -90 CH;Cl 0.58 14.5 397 33 1.3
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
microliters of TMPCI and 11.5 microliters of a 1.0 M hexane solution
of methylaluminum dichloride (MADC).
b: Three initiator/coinitiator batches added to the reactor
c: Two initiator/coinitiator batches added to the reactor
d: ethylaluminum chloride (EADC) used in place of MADC
€: reaction scaled to 10 ml of diluent
[00222] Polymerization in any of the hydrofluorocarbons resulted in rubber

particles that did not adhere to the walls of the reactor or to the stirring shaft. The
particles floated to the surface of the liquid when stirring stopped. The particles



9" e -95 CHF2CF3 0.39 29.3 106 2.8 2.6 10 -90 CH3C1

0.58 14.5 397 3.3 1.3 11 -95 Propane 2.37 59.4 67 2.4
WQ204@675Except where noted pol ynerizati ons werBCT/US2003/041221

with 30 mM of diluent, 5.4 ml of isobutylene and 0.23

m of isoprene (IP), initiatog/coinitiator solutions

were prepared in 1.3 m of nethyl chloride using 1.6

mcroliters of TMPCl and 11.5 microliters of a 1.0 M

h - ; : L i
LSHaRggRP e B M £ s
r emai egaction tehuyeratniet iPatymdrizaiion in atetiryl whicrhlesreadtbddint abber
the reactor d: ethylal umi num ch]. ori EADC) .used.in .

p|péet§%frtthﬂhcqsgere_§:to %g@&ﬁ? bHOGE P e GTRama | e perticts
[ QQ&€ %’ea lrmg}t) f@&ﬂ; gﬂsfbblb@ waih @filldd"®atula when tested near reaction

hydr of | uor ocar ulted in rubber particles that
ditemperatuael h P dymeritationwal popafe tdselted e trotwephdse lidved-liquid
stirring,.shaft. The articgles,f.loated tq the surface

o eGSR T AeSRRASS Pia 1oAY SEB P BRIy R S iSE £ B dighpphase
20044 Q8718 pfofded/ US2003/ 041221 79 were hard as

evi denced by pressing on themwith a chilled spatula

when tested near reaction tenperature. Polynerization
in.nethyl,.ch]pride resulted in rubber particles that
amggstl(}cbjo{h the reactor walls and the stirring

shaft. The particles were clearly rubbery when probed

with.a chilled spatul a when tested near reaction o
t dnpar at ur e. Rezglty fasrpiokwnsrizatipns qondpetedat 880 t ¥0°G Aresgiven in

two-phase. | i qui d-| i quj reaction. The densge has ..
w22 gl s b g Rt S MRRES] 2 PR Hfass guini-
wagsihi Cketil®) RiRPaed Evanmhes lékampld. [ 0MBBL ResHicks-2,4,4-
for polynerizations conducted at -50 to -55 C are

gi Wasthydpertags) wap usehes ap liiGateBingtheserzamplesc onpar at i ve
exanples. A 100 ml glass mni- resin kettle was used

for these exanples. TMPCl (2-chloro-2,4,4-

trimethyl pentane) was used Esbla@®" initiator in these

exanpl es.

Temp. Yield | Conversion M,
Example (C) ‘Diluent (g) (Wt. %) x 107 M,/M, | Mol% IP
12 -55 CH,F,’ 1.1 29.0 205 22 1.9
13 -50 CH;C1 1.1 29.0 52 1.5 1.1
14 -55 Propane” | 1.2 30.9 87 2.2 1.8
a: Polymerizations were run with 30 ml of diluent, 5.4 ml of isobutylene

and 0.23 ml of isoprene (IP), initiator/coinitiator solutions were
prepared in 1.3 ml of methyl chloride using 1.6 microliters of TMPC1
and 11.5 microliters of a 1.0 M hexane solution of methylaluminum
dichloride

b: Two initiator/coinitiator batches added to the reactor



Tabl e 2a Tenp. Yield Conversion M Exanple (C) "Dl uent
(g9 (W. % X 10-3 M',/M MI%IP 12 -55 CH2F2 b 1.1

w@2008/02637 2.2 1.9 13 -50 CH3C1 1.1 29.0 52 1. 5rAr/1S2003/041221

-55 Propaneb 1.2 30.9 87 2.2 1.8 a: Polynerizations

were run with 30 m of diluenf, 5.4 nml of isobutylene

and 0.23 m of isoprene (IP), initiator/coinitiator
solutions were prepared in 1.3 nml of nmethyl chloride

usy .6 m it er TNPG ] '
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di exthildtet deffrubBery phpsital aropelitesi asi dvidenosd byapobéag withedhilled
to the reactor WO 2004/03&577 PCT/ US o_%3{.041221 80 h
[ OB2BU atrivactind) PHICTAIUET oHIOR B Mol Ra A g gYigent on the
rublgsr RallL laah &8inkhR ShafeX th RlokGfrissi, fthe TpéBREEzation in methyl
physi cal properties as evidencéd by probing with a

c hihlldrite resydstl dh a vasconseenating nf pelymer an boid. thékeagior walls and the

unt s of. fouli i dent on the. r, .walls ..
2GR paf Pyl OF R st e Soomadgb P by e ghpdium
| NTHEebldphne 6RO hbHendRatid Sbetithedt WidSkRUSOIE B5rbdigbl9 different

pol yner on both the reactor walls and the stirring
shthén thevenyat|-P30 €lable 1 hexamaplyrid). Weep phasepwarteaparant in the

the dil uent diu The pr.opane, based .pol ymoeri zation. , .
e 2o oS FHoRa5% GRSt DL PSP A B chAies; Righe Tich in
t hgopaR. afhe ?él%hb kR Presdax@®Plie probancl WihudMd 3% SconSidErably
apparent in thé reactor. The denser ﬁhase was rich in
pdesardsconnthanike polgmeetormbd gethe methylghlogidepame. The
polynmer in the presence of the propane diluent was

consi derably |ess viscous than the polyner forned in

t examdléy1s5 il ori de run. Exanples 15 - 21 [00225]

Table 3 lists the results of polynerizations conducted

at -95 Cin hydrofluorocarbon / nethyl chloride

b @35Sy A L0041k 39)a8he T LR S mitirhhidhs Whaudtflh b8™C in
t hese'exanpl es.

( ZhyehdfdicRochrbord/ iethfEéhytidebleadie A YEBEmUSREs ASniaBsin kettle was

used for these examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was used as an

initiator in these examples.

Table 3*
Conversion| M,
Example Diluents Vol % | Yield ()| (Wt. %) | X 107 | M, /B, | Mol% IP
15 CH3Cl/CH,FCF; | 95/5 297 74.0 234 3.5 1.2
16 CH;Cl/CH,FCF; | 90/10 1.90 47.0 600 2.9 1.6
17 CH;CV/CH,FCF; | 85/15 2.58 64.0 435 2.5 1.3
18 CH;CI/CH,FCF; | 85/15 1.83 46.0 570 2.5 1.7
19 CH;CI/CH,FCF; | 80/20 1.85 46.6 285 2.7 1.5
20 CH;Cl/CH,F; 80/20 3.22 80.0 312 3.2 1.9
21 CH,;CI/CH;CF; | 80/20 2.83 70.6 179 2.7 22




initiator in these exanples. Table 3a Conversi on MW

Exanple Diluents Vol %Yield (g (W. % X 10.3
WORWANETS7TMDl % | P 15 CH3CLl/ CH2FCF3 95/ 5 2. 97 7BCDUSBM3/041221

3.5 1.2 16 CH3C/CH2FCF3 90/10 1.90 47.0 600 2.9 1.6

17 CH3C1/ CH2FCF3 85/15 2.58 64.0 435 2.5 1.3 18

CH3C1/ CH2FCF3 85/15 1.83 46.0 570 2.5 1.7 19

Cl11C1/ CH2FCF3 80/20 1.85 46.6 285 2.7 1.5 20

CH3C1/ CH2F2 80/20 3.22 80.0 312 3.2 1.9 21

CH3C1/ CH3CF3 80/20 2.83 70.6 179 2.7 2.2 WO

2004/ OGHkcépt Wﬁeummmlgm&ﬂzaﬁons Iveae rnExmiaqhBO/\bEroé diluent, 5.4

not ed po rizations we Ih 30 of _di
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i ni tiat s%'ldtﬁﬁ&‘s I%e‘ré ?}egéred%ﬂbl@ﬁlf’ﬂﬁm cﬁ%ﬁ@@hﬁﬁg 3y gnc@ohters
m of nethyl ch e using 3.2 mcroliters
and 23.@ fiMPGl |a:ndr £3d¥ mictolBerm bExank0sd uhéxmme ofsolutlon of

et hyl al yji.num.di c i d b: met hyl al um num

di ch or§thda #‘m& G&f@iﬁlﬁﬁ?@ﬁ of ethyl al um num

dighl or e ylafkMmmEsaRRRRR @2[AD(2)5 L{s&paﬁﬁkaﬁﬁuéﬂlﬂahﬁﬁmum
pol yneri zagll ons conducted at -55 are given in Tab

4. Two dehletides(@ADChi ti at or/ coi ni t| ator sol utions vvere
used for each example. A 100 ml glass mni-resin

kettle was used for these exanples. TMPCI (2-chloro-

2, Bxonpled 7RI Ny | pentane) was used as an initiator in

t hese exanpl es. Tabl e 4a Conversion VH, Exanple

Diluents Vol%Yield (g0 (W. %9 X10"3 M,/M, Mr)1%

o035 CBCL GRE DA A0aBo R5ecindiod: 55°urd given in Table

4. Two batches of initiator/coinitiator solutions were used for each example. A

100 ml glass mini-resin kettle was used for these examples. TMPCI (2-chloro-

2,4, 4-trimethylpentane) was used as an initiator in these examples.

Table 4°
Conversion| M,
Example Diluents Vol% |Yield (g)| (Wt. %) | X10° | M/M, |Mol% IP
22 |CH;Cl/CH,FCF3| 90/10 | 2.35 61.7 84 1.7 2.2
23  |CH;Cl/CH,FCF3| 85/15 | 2.96 77.7 77 22 2.2
24 |CH;Cl/CH,FCF;| 80/20 | 2.37 62.2 82 1.9 2.0
25  |CH;CVCH,FCFs 75125 | 2.38 62.5 38 2.0 2.2
a: Polymerizations were run with 30 ml of diluent, 5.4 ml of isobutylene and

0.23 ml of isoprene (IP), initiator/coinitiator solutions were prepared in 1.3
ml of methyl chloride using 1.6 microliters of TMPCI and 11.5 microliters
of a 1.0 M hexane solution of methylaluminum dichloride (MADC).



23 CH3Cl / CH2FCF3 85/15 2.96 77.7 77 2.2 2.2 24
CH3C1/ CH2FCF3 80/20 2.37 62.2 82 1.9 2.0 25

WERBCBHPFCF3 75/ 25 2.38 62.5 88 2.0 2.2 a: PCT/US2003/041221

Pol ynmeri zations were run with 30 ml of diluent, 5.4 ni

of isobutylene and 0.23 ml of isoprene (I1P),

initiator/coinitiator solutions were prepared in 1.3

m of methyl chloride using 1.6 mcroliters of TMPCI

r@gﬁﬁp? gicroliters of a 1.0 M hexane sol ution of
um num di chl oride (MADC). WD 2004/ 067577

PCT/ USZOOS/ 041221 82 Exanple 26 [00227] A
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rous methanol into i
t e0.92f hiaokietshasfe aahydraﬁsc méﬂxhaxtdli s$nitsol2d i mh vRdiqide,1,1,2-
23 mcroliters of nol /L sol ution

ettBiypiuaiesthane i éﬁf%r .Eethlfh S‘ﬂéﬁ?lbﬁ‘@s aﬂﬁ?ds 2% JnigEqliers s 1.0
Stanf/E Q%lutl&rl o% chglaﬂﬂﬁﬁﬁm ﬁﬁl’ﬁgﬁ(%]ﬂl 5‘ ' %@A@ogutbon was stirred

prepare eac ut i'on
mi for Al fn@tusesof AZsebbh@rso}uﬁoﬂ Wast pnepﬁ’eﬂylhpthatsame was To each
-95C. Both sol ution

dwth stirring and cool ed
\/\e‘iozlt%édz JRSplites ¢fo ?rf@lorg&%gﬂmﬁfaﬂpswa%ﬂw gided with
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Di palemtriddtieh Goluibn Gatlv £ khilled p(}iéﬁe 9%\ NOVmK gIb€s mini-resin kettle
M,,,/M, MOMIP 26 CH2FCF3 2.61 65 248 2.6 2.6
EX‘H%‘FS@deYtP@@?%PleTabI e 6 lists the results of a

pol yneri zation conducted at -95C conducted in an

85/15 (V/IV) blend of 1,1,1,2-tetrafl uoroethane and

1,1- difluoroethane. This rlableds made with 30 m of
diluent, 5.4 m of isobutylene, 0.26 nl of isoprene

and used a initi ator/coinitiator solution prepared in

%xﬁmgie DRLdRY] Yib'ld)(g‘) t2%.51 Viok & €1[S Mf/m] VPMbI% 1P
and 3210 mcroliters of a 1.0 M

26 CH,FCF; 2.61 65 248 2.6 2.6

Example 27

[00228] Table 6 lists the results of a polymerization conducted at -95°C
conducted in an 85/15 (V/V) blend of 1,1,1,2-tetrafluoroethane and 1,1-
difluoroethane. This run was made with 30 ml of diluent, 5.4 ml of isobutylene,
0.26 ml of isoprene and used a initiator/coinitiator solution prepared in 2.6 ml
methyl chloride using 3.2 microliters of TMPCI and 32.0 microliters of a 1.0 M
hexane solution of methylaluminum dichloride (MADC). A 100 ml glass mini-

resin kettle was used for this example.



hexane sol uti on of nethyl al um num di chl ori de ( MADC) .

100 M glass mni -

we@x@ajobrs77 WO 2004/ 067577 PCT/ US2003/ 041221  83PdHIDE®0H041221

A

resin kettle was used for this

Conversi on MN Exanple Yield (g) (W.
Ml %I P 27 0.28 7 772 2.8 1.8 Exanples 28 -
[ 002291 Table 7 lists the results of polynerizations

that were conducted at -
a bl end of a hydrofluorocarbon and net hyl
usi ng p-nethyl styrene (pM5) as a conononer.

glass mni-resin kettle widkahleéd for these exanpl es.

% X 10"-

ch

TMPCl (2-chloro-2,4,4-trinethyl pentane) was
an initiator in these exanples.

3 M, /M
31

95C i n hydrof | uorocarbons and

| ori de

A 100 m

used as

Tabl e 7a Conversi on

Exgmpie OF fuent [Yi e W M7 K 1073 A Y B
MOM PVG 28 ICH2FCRF3) 1. 37 33 327 3.2,211 29 o
CH3CJy yapptyVigldde) p3 b %), 2 p. X 1050/ oM(ily 13dbel% IP
CH2FCF3—3 8192160/ 33 3.6 316 CH2IFCF3 11828 278
3.2 11 8 27a: Ex@éBt mher e Tnot ed| pol el i z&th ons wdrfe
run wth—30—nt—of —drtuent;—54 m—of Tsobutyl-ene and
0.34 m of p-methylstyrene, initiator/coinitiator

sdixampess28mv3le prepared in 2.6 m of nethyl

using 3.2

mcroliters

of a 1.0 M hexane sol ution of

dibrmyi de (RO 1isk th@l%s@t%ﬁowmér?zraﬁoﬁ that wel® dhducted at -

hexane soI ution of ethylal um num di chl ori de
i °€ath bfdoleomombons aod ed blend (&) a diyslvefluorocarbon and methyl

chloride using p-methylstyrene (pMS) as a comonomer. A 100 ml glass mini-resin

chl ori de

of TMPCI and 23.0 mcroliters

et hyl al um num

was used

kettle was used for these examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was

used as an initiator in these examples.

Table 7°
Conversion M,
Example| Diluent Yield (g2) (Wt. %) X 10° M,/M, |Mol% pMS
28 CH,FCF; 1.37 33 322 32 2.1
CH;Cl/CH,FCF;
29 80/20 V/V 0.96 23 762 4.2 2.2
30 CH,FCF; 3.81 92 160 33 3.6
310 CH,FCF; 1.18 28 278 32 1.8
a Except where noted polymerizations were run with 30 ml of diluent, 5.4
ml of isobutylene and 0.34 ml of p-methylstyrene, initiator/coinitiator
solutions were prepared in 2.6 ml of methyl chloride using 3.2 microliters
of TMPCl and 23.0 microliters of a 1.0 M hexane solution of
ethylaluminum dichloride (EADC).
b: 32.0 microliters of a 1.0 M hexane solution of ethylaluminum dichloride

was used instead of the amount noted in (a) above.




WO 2004/ 067577 PCT/ US2003/ 041221 84 c: 1.6

mcroliters of 2-chloro-2-nethyl propane used in place
wo@toole7sTMPCI  used in (a). [00230] Pol yneri zap¢Dnsion3/041221

any of the diluents of Table 7 resulted in rubber

particles that did not adhergsto the walls of the

reactor or to the stirring shaft. The particles

floated to the surface of the liquid when stirring

st.opped.c Waen; . \h_ ,

CBe pani HEQILESoER Re b IRBRASH: Bied FERGEObILR TMPCI

t hem wiuséd @ (@hi | | ed spatul a. Exanples 32 - 37 [00231]

Table 8 lists the results of polynerizations that were

conducted at - 95C in hydrofluorocarbons and net hyl

choersiofle f op sRAREAIISRT alfs¥EMbk @Bludfs oRMEbI3 7 @E@ted in rubber

conparative exXxanples. A three-neck 500 m gl ass

r gagiclas thatslid seicadhere totthewellegbiinp Ireastorprite the sirdag phaft. The

pol rization, 300 0 noner . f eed . cont ai Ri 10

O s AR o e S HEGRRRT Bt S PR Ap tested
ThRar the rddcBb® tdnstirdtinte] BleQPartiBksakert &bt PasBSdedodd bP blegéing on
at 1/3 and the concentration was set at 0.1 wt % EADC

i theve @ith aghéll¢drgpetude. or / coi niti at or sol uti on was added
dropwi se to the polynerization mxture and the rate

of addition is controlled in such as way so that the

r eaehplestigndgr at ure rai se did not exceed 4C. The

anmount of initiator/coinitiator solution added in

each depended on the desired nonomer conversion

e T iy G
63530 5n GRArodludrctarbons InCHRFH ki1 Br £8Mhparishn3. BxarBgles 36

CH3CHFE2 55 414 813 2.0 1.3 WO 2004/067577
pPand 3 2oncomperstive exgmples. A three-neck 500 ml glass reactor was used for

these examples. Prior to each polymerization, 300 ml of monomer feed

containing 10 wt% of monomers were charged into the chilled reactor. The
initiator/coinitiator molar ratio was controlled at 1/3 and the concentration was set
at 0.1 wt% EADC in MeCl. The initiator/coinitiator solution was added dropwise

to the polymerization mixture and the rate of addition is controlled in such as way

so that the reactor temperature raise did not exceed 4°C. The amount of
initiator/coinitiator solution added in each depended on the desired monomer

conversion target.

Table §°

Conversion M, M,
Example | Diluent (Wt. %) x10° | x10° | M/M, | Mol% IP

32 CH,FCF; 65 315 626 2.0 2.7

33 CH,FCF; 94 213 489 23 3.0

34 CH;CHF, 55 414 813 2.0 1.3




35 CH3CHF2 100 197 558 2.8 1.8 36 CH3CI 54 170 628
3.7 2.0 37 CH3Cl 97 135 517 3.8 2.4 a:

weodogeTsTzat i ons were run with an i sobutyl ene/ PEDPSINE041221
nolar feed ratio of 95/5 [00232] The exanples in
Tabl e 8 denonstrate the prodygeti on of high nolecul ar
wei ght butyl rubber using an EADC/HC initiator system
in CHF2CF3 and CH3CHF2 dil uents. The nol ecul ar wei ght

Ww otymrersmade 1 CHFZCR3

br e 38i gnj f:HQ&Iﬁﬂ y hi §er t hanl%ol yner’$ nﬁdé“? n [Meql-8
at——stnrHar—nononer—Cconvers| o undgr ST rar

condi36i ons. Clilld ppl ydiS4per s| t y170( Mi/ M8 of e but yI2-0
potymers—made—nmpot h—CH2ZFCF3—and—GHICHF 2 was

narr Mer an8Heflospr t 7t he posi3Sprgbablle | 3.8 24
potydi-spersity of 20 thanthe potyners—rmade 1n WM

under simlar experinental conditions. The isoprene

I e or pdadymerizations whae ram pathyarEscbutdde/isoprédeGholaafded ratio of
bet ween FCF3 and CH3CHF2. The polymer slurry

parti cI%& made in both CH2FCF3 and CH3CHF2 appeared to

be significantly |less sticky during handling than the
polymer slurry particles made in MO under simlar
cdneRi2] ons. Eheanpdngdesdn 4Pabld G2 d8hoiisitate the Ipratustiomedf high

abtisr e veRel bl T o ae AR R Rl 7B crr.CRs
hyggofiionps alihans amd AskoMhr welphelof d8e befyl polymers made in

conpari son.” Exanpl'es 41 and 42 are conparative .
eXAP1Es . and CHa R vese kigsifioantly bighgshaepeywersimaedaisddeCl at
for_these exanples. Prior.to _each ol.yneri zatiq : .
B SRR i Apo s TRER SRR oy gt
Chaig@dny Bf @hd Matye Hidlyaets aadd o bofth€H,FCF; and CH;CHF, was
initiator/coinitiator nolar ratio was _controlled at

1/1Buiivgr ehd clostidertbe aosoproheiie pelydigperity oh2dh thapehe pplymers
bl 05! it SRALE SR Rp Ll PR 4550 porin
ofinatldicopelymess madé iwMed falls davtteeasCHBCIScankih@H;CHE,. The

reactor tenperature 004/0 PCT 041221
S@O%ymer slurr1r"9 partgc es m\ell\?e %n %oth %Zg%n ané %?%3% » appeared to be
significantly less sticky during handling than the polymer slurry particles made in

MeCl under similar conditions.
Examples 38-44

[00233] Table 9 lists the results of copolymerizations of isobutylene and p-
methylstyrene that were conducted at -95°C in hydrofluorocarbons and methyl
chloride for comparison. Examples 41 and 42 are comparative examples. A
three-neck 500 ml glass reactor was used for these examples. Prior to each
polymerization, 300 ml of monomer feed containing 10 wt% of monomers were
charged into the chilled reactor. The initiator/coinitiator molar ratio was
controlled at 1/3 and the concentration was set at 0.1 wt% EADC in MeCl. The
initiator/coinitiator solution was added dropwise to the polymerization mixture

and the rate of addition is controlled in such as way so that the reactor temperature



rai se did not exceed 40C. The anmpunt of

initiator/coinitiator solution added in each depended
wo@rooiloe7sdesi red nmonomer conversion target. TabPE&r/882003/041221

Conversion M M,, Exanple Diluent (W. % x 10"3 x

10-3 M,/M Mol e% pMs 38 CHRZCF3 22 91 298 3.3 4.3

39 CHF2CF3 57 89 291 3.3 4.4 40 CHF2CF3 98 74 244 3.3

4.6 41 CH3CHF2 56 188 1,091 5.8 4.1 42 CH3CHF2 100

169 908 5.4 4.9 43 CH3Cl 57 97 443 4,6, 3 44 CH3 )

6gaigy dyhpoizexsead ¢ G Thg Mt ﬁtlpm?r(%wlqi%sqéiﬂ% %‘Cd n

t ratio of 90/10

[C?g%%(ﬂ ¢ Egd @%(%%mgégﬂﬂnsﬁﬁgﬁr%gg%gfﬁgﬁg ?tat e that using

an EADC/HCI initiator systemin a CH2FCF3 dil uent,

t he production of isobutyl Sni P% copol yners with

conpar abl.e nol ecul ar wei gh opol yners produced in

a MdC diluent. |sobutyl enel/p-nethylstyrene

copolynmers prepared in CH3CHF2 exhibit nuch higher

npl ecul ar| wei ght's| CbheerpiMs |i ndds po[ atMon |i n the o
T i g Dt 2l Wivaer| PBH"" L ahiebc ity AR pas
:I urr’Sgr partré e*s,JiOEOI gg;s a%p:gjl tz% &% t?g PP YL
2004}3%2532”9#%éﬁuizoo'§75¥ul21‘33%50'2%2%{‘ T L
_[:283 her [ ?&ﬁzéﬁ’ of ﬁéggﬁt;fﬁ%‘ﬁ T%é% hyl s%yr ene and6
B! 2 '1y'm-e EubERty ’”SOTSE‘“ Tot Teforprs ind Bz, AT
threganeck bluf |9' 2% 169 | 908 | 54 49
43 CH;Cl1 57 97 443 4.6 3.8
44 CH;Cl 69 94 342 3.6 4.0
a: Polymerizations were run with an isobutylene/p-methylstyrene molar feed
ratio of 90/10
[00234] The examples in Table 9 demonstrate that using an EADC/HCI

initiator system in a CH,FCF; diluent, the production of isobutylene-PMS
copolymers with comparable molecular weights to copolymers produced in a
MeCl diluent. 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,FCF3 appears to be significantly less sticky in CHFCF3 than in
MeCl.



reactor was used for these exanples. Prior to each
pol yneri zation, 300 m of nononer feed containing 10

wovdstob7smonomer s were charged into the chill edPCT/US2003/041221

reactor. The initiator/coinitiator nolar ratio was
controlled at 1/3 and the cgncentration was set at

0.1 W% EADC in Med . The initiator/coinitiator

solution was added dropwi se to the polynerization
mEg{?H{gqaesaégmj he rate of addition is controlled in

suc S way so that the reactor tenperature raise did

not exceed 4C. The anpunt of initiator/coinitiator

S j.on ad [ ach depended.on the desired. . :
M "o onvibl S0 TR i Rsise S G EROhS B dpobpisiencip-
E’?ﬁ%ﬂil@tg@ﬁ%@ TeSbufyline/i¥BprénclBatwdreQndudydi M 05453, an kf§0/20

| soprené 87 309 676 2.2 "46b pMs 76 449 1,048 2.3
pMEixh@e (B Yolym&603CBL,BCF Pahd/ ki:iICiH,I 0As thner-seakud0Onmtt hglass

ggp%q%&?%%%bs%ﬁgrségsrge%%s? LPrg(%e% éa% ilgjol}gr];lerizga?ljog, ?OO ml of
| SABHYd-eRed RopBIYd 30 Wieh &f Mo imdre %\gare loRhro€d ?ﬁtﬁ?tﬁé] 1illed

[ 00236] Table 10 denonstrates the production o g
mokaxer. arTheeimghiator/caioitiatoy | maker i retipr eae coviollsdnet d/arrad the

i sobut yl ene- pMs c I i EA| .
| riReranisROT Y el B ARG el i el eniistpesotution
aswidgddeB UrypRisk Ztatt'h@@g iphdtBAtion THIRHPO laM@Bhe $htdldfYaddition is
particles in the CH2FCF3/ C3CHF2 WD 2004/ 067577

PCoh/SRADR/ D6H 82N ay 88 1At MeUeR t6lapPPatatiat eaitd\@id 10 Exceed 4 C.

non-sti cki ness appearance as in a pure CH2FCF3 or
CHBeHEzowit pbfiimitiateréendnifipled selbibereadded anpiabsdepgndetion the desired
[ 00237 Exan%%l .est48 t' 117 exenplify copol ynerization

of PPRURTtYPEAL W YE™ ot her compnonmers. The

copol yneri zati ons have been run at two tenperatures

and
Table 10
. Conversion M, M,

Exﬁmple Comonomer (Wt. %) x 107 X 10'3 M,,/M,
45° Isoprene 87 309 676 2.2
46° pMS 76 449 1,048 23
47° pMS 100 349 1,166 3.3

a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of
95/5

b: Polymerizations were run with an isobutylene/p-methylstyrene molar feed
ratio of 90/10

[00236] Table 10 demonstrates the production of high molecular weight

isobutylene-isoprene copolymers and isobutylene-pMS copolymers using an
EADC/HCI initiator system in a mixture of CH,FCF; and CH3;CHF, as the
polymerization diluent. The polymer slurry particles in the CH,FCF3/C3CHF,




in four diluents. [00238] The polynerizati on exanpl es
listed in Tables 11 - 16 were obtained by running

W@ kart0g75¢Dpol yreri zations in test tubes equi ppkdI/ws1003/041221
rare earth magnetic stir bars. Monomer sol utions were
prepared in the test tubes atggthe desired
tenperature, which is identified in the paragraphs
bel ow, by combining 20 nm of the liquid diluent, 5 m
Ofmﬂt&‘é'dérﬂoﬁ&p#é Mlees‘aﬁle%ﬂ-sﬁfﬂgigg& dgb@é%h&e?a@qﬁ!a%é CHLPCF; or

achieve a 3 nol % conononer ol ymeri zation

soCHtCldhsdiventdesprgitbiosal |y stirred at the identified
tenperature and were initiated by the dropw se
addition of a stock coinitiator/initiator solution
usEinplesdl-11ed gl ass Pasteur pipette. Conversion is
reported as wei ght percent of the nononers converted
to polymer. [00239] Table 11 lists the results of

PO i zatigns thato\ conducted.at .-95C either . in .
P OIORTEAI o PR ERs YRR b6 PherizaRB pBlsof§h1nd wim
506th&confhoniets. THREopSIFmedinstid®8have been run at two temperatures and
1,1,1, 2-tetrafl uoroet hane or 1, 1-difl uoroethane.

| sifoesdibgsiswas  copol ymerized with either

p-t-butyl styrene (t-BuS) (0.36 ml per run), indene

(Ind) (0.23 m per run) or (3-pinene (RP) (0.31 nl
pejoozss]) as Tidipohtmdidatiod adXatpld3. lidted sinodlbles!| Lk i-0n6 were
of ethyl al um num di chl ori de ((EADC) .and hydr ogen )
ch?l?i"f“fﬂ%‘é%@l-l@ﬁ}?mg Ty, cepRlyBgTizations iR et dHPGy FeripRRg with rare

adM%Q%I%ﬁQ st?iﬁ% bl l@loﬁo&e%lﬁﬁoﬂﬂeré E*eﬂguieﬁ Bn thdtest fpbes at the
1,1, 1, 2-tetrafl uoroet hane and 0. 960 of a 1.0 nol/L
et dogired temperatuc whichris dentiSal ntthe paragrahexizalew oy d@bining 20

oty R PGB L 5 EP LY TS Rbb5055E Sablh i comonamer
SOfoUtacRiBvd Oy themsiohr EQHoNRAG S Eed. SOPBlynRMSation solutions were
Pol ynmeri zations were termnated with the addition of

0. magnetigally rsiirtadiras| the Psleyivied Zemporaturen andyweie iriigated by the

hydr of | uor pearbops resul t.ed. in.r. er 04/ 067

PP BT SE SER k0 Fbel BaARF oo PR Sh e s
t hRastéd | sipetfe. tOenvesaat @ roported hd1vesdhitl paroght balr theT R®nomers
particles floated to the surface of the Iiquid when

st $MVERR ORHDERY: The particles were hard as

evi denced by pressing on themwith a chilled spatula

when tested near reaction tenperature. Polynerization

I n[0028%y| chTable dé liseshet tesdlts of paljphenizations that were conducted at

-95°C either in methyl chloride (as a comparative, examples 48, 49, 50, 57, 58, 59,
66, 67, and 68), 1,1,1,2-tetrafluoroethane or 1,1-difluoroethane. Isobutylene was
copolymerized with either p-t-butylstyrene (t-BuS) (0.36 ml per run), indene (Ind)
(0.23 ml per run) or B-pinene (BP) (0.31 ml per run) as indicated in Table 18. A
stock solution of ethylaluminum dichloride (EADC) and hydrogen chloride (HCI)
was prepared in methyl chloride by adding 0.320 ml of a 1.0 mol/L HCI solution
in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0 mol/L ethylaluminum dichloride
solution in hexane to 100 ml of methyl chloride. Polymerizations were run by
adding, dropwise, 1.5 ml of this stock EADC/HCI solution to the stirred monomer
solutions. Polymerizations were terminated with the addition of 0.2 ml of

methanol. Polymerization in any of the hydrofluorocarbons resulted in rubber



particles that adhered to both the reactor walls and
the stirring shaft. Table 11 Yield Conv. M nol %r)

wez@apbs7Di | uent CoM (ng) (WM. %, x 10-3 M/ MPQVIUS2083/041221

CH3Cl1 t-BuS 496 12.8 139 2.5 1.4 49 CH3Cl1 t-BuS 384
9.6 130 2.3 2.4 50 CH3C1 t-B4S 485 12.6 112 2.2 1.5
51 CH2FCF3 t-BuS 345 8.9 128 2.0 2.0 52 CH2FCF3 t-BuS
249 6.4 128 2.0 1.6 53 CH2FCF3 t-BuS 295 7.6 119 1.9

L R ORE B Tt B SR T

3QBrikcls floled Wwrthe€ldBTcel oftkha Tigukl €h&8 stﬁ“rlﬁg ]stoZ)pecSS Tﬁ‘b@éﬂftlcles

Ind1947l71 1.3 .59 C1I g .3

1.Were il by oo thost withpa Stied gpatt tested
| r}i%allile%%tlgﬂ te?n étul% :130 nier z@%%ﬁ% |dﬁﬁ)r§1%91%51ﬁt%d3n rubber
116 2. Ind 323 14.0 141 2.

cm&ﬁnms thmtoadha::edgo both'me @agon walls 351 t@mmmz shmﬁﬁ 526
8.6 146 2.3 1.9 WD 2004/ 067577 PCT/ US2003/ 041221 90
66 CH3C1 RP 402 10.5 20.7 ig 8E3 67 CH3C1 RP 406

10.6 20.5 1.1 7.8 68 CH3CL? 56.217.6 1.0 8.9

69 CHPFCF3 RP 644 17.7 29.5 1.4 9.4 70 CHPFCF3 RP 833

22.1 39.7/1.4 8.1 Yield |~ Conv. My mol%

Example Diluent(‘4 CoM | (mg) | (Wt%) | x10° | My/M, | CoM

48 CHsCl | tBuS | 496 128 | 139 | 25 1.4
49 CHCl | tBuS | 384 9.6 130 | 23 | 24
50 CHsCl | tBuS | 485 12.6 12 | 22 1.5
51 | CH,FCF; | t-BuS | 345 8.9 128 | 20 | 20
52 | CH,FCF; | t-BuS | 249 6.4 128 | 20 | 16
53 | CH,FCF; | tBuS | 295 7.6 119 | 1.9 1.9
54 | CHsCHF, | tBuS | 325 8.4 297 | 27 1.8
55 | CHsCHF, | tBuS | 433 11.2 217 | 26 | 23
56 | CH;CHF, | t-BuS | 333 8.6 303 | 27 1.8
57 CHCl | Ind | 375 9.9 68 | 22 | 12
58 CHCl | Ind | 179 4.7 17 | 17 | 13
59 CH:Cl | Ind | 130 3.4 103 | 23 1.1
60 | CHFCF; | Tmd | 2279 | 608 131 | 22 | 23
61 | CHFCF; | Ind | 1199 | 319 101 | 21 2.4
62 | CHFCF; | Ind | 2299 | 613 116 | 22 | 20
63 | CHyCHF, | Ind | 323 14.0 141 | 23 1.8
64 | CH,CHF, | Ind | 243 9.1 138 | 23 1.8
65 | CH;CHF, | Ind | 526 8.6 146 | 23 1.9




71 CH2FCF3 RP 610 16.2 37.0 1.4 8.5 [00240] Table 12

lists the results of polynerizations that were
w@oemdoetset at  -50C either in nethyl chloride PerU82003/041221

conparative, exanples 72, 73, 74, 81, 82, and 83),

1,1,1,2-tetrafl uoroet hane or o¢p, 1-di fl uor oet hane.

| sobutyl ene was copol ynerized with either

p-t- butylstyrene (t- BuS) (0.36 m per run) or |ndene

() —623nt CI rum)—as 1T ndicated T Tabl e 12:

St ock6sol it CBRC | ety alumzqum Gil0K or | dB0JEADC) dang 83
vaor ey hl Ar nln [ L1\ WA O nranar oad not hyvel
yul uucn LLLBAYA LA AY] \ 1 I\IJ.} \'A o Pl Upal \od ¥ | | || T ||y|

ghl o6vde py Giiding O0.@20 i 4@F ja 1.10.6nol /| L26iGI 1.1 7.8
olutionin 1 1 112- tetrafluorgethane and 0960 nl of

a 1.@ggnol chhnylaluqnnun1dtgﬁloridgzsolutnwﬁ int.o 8.9
exane tol 100 M aof nmethyl chlofide. Polynmerizdtions

ver egun by-rageirnd ﬁop"’iéﬁ 1. 51ml7 of |thhs Stogly 9.4

BA HCl solutionito e stirred nononer | sol ut|i ons

:igﬁ'zf)efso?fﬁ@g%e%? 1,7:3’5353‘,7f1 ?1223287;33.9?1 187éf4|n 8.1

ADC] HCT Qn (was_used. atlon
ternV d%&ﬁiﬁg¥he d@ﬁitioﬁﬁgf 56 3@phanoﬂ4 8.5

Pot ynerlz tTom T any of — the hydroftuouorocarbo

ﬁHM din abp £ 1188k GII%LIﬁ% Rlyllra8s @& &% cbRducted at
t Rtz " 4 Ry fih

e reactor or t heS|rr|n

pasote bﬁﬁerflhﬁﬁétﬁjﬂl ¢otidee(as W éaagarativel hﬁaﬂlpley 79, 73M‘Verp 81, 82,
stirring stoPEed The particles were nuch nore stiff,

asanéwsabndeld ﬁetr%]*@mh?@eoﬁr t hérﬁlﬂmrﬁethalm | Lgqputylene was
Sp{%#ﬂ{y {V\;lﬁlsél gt@g t%ﬁ@? éu% Sggtﬁ{[ Ber nan‘%Q indene

areaga ex
Pallydye (0.2&tmbrpek nmﬁ?t dmy hndlcﬁdnd:cb fin d'EalﬂesUl.t e (A istockubdletion of -

S Lo, (e Sy Bistesen ier) s g pipased in

Pl s i ) L, B Y

48:Ettaﬂ110?c.>ﬂh£1e angd (C¥8QN! of BUD m@]IZIZ eﬁtlgylﬁluﬁﬁmﬁn 111(911(31(9 solut1on

74 exane % ?&? m% %Smet]iyl cﬁgrlée Polymerlzatlons 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.



75 CH2FCF3 t-BuS 500 12.9 35.3 1.4 4.1 76 CH2FCF3
t-BuS 523 13.5 39.2 1.5 4.3 77 CH2FCF3 t-BuS 568 14.7
W@04/047557 4. 3 78 CH3CHF2 t-BuS 651 16.9 68. 1 BCT/US2043/041221

79 CH3CHF2 t-BuS 733 19.0 71.9 1.6 4.1 80 CH3CHF2

t-BuS 440 11.4 70.3 1.7 2.8 o81 CH3CL Ind 704 18.6

49.9 1.4 1.0 82 CH3CL Ind 645 17.1 34.1 1.4 1.4 83
CH3CLl Ind 319 8.4 44.6 1.4 1.1 84 CH2FCF3 Ind 424

11.3 36.7 1.4 1.7 85 CH2F@ER|l;pd 464 12.4 37.9 1.4

2.0 86 CH2FCF3 Ind 496 1372 40.8 1.5 1.9 87 CH3CHF2

| RE—328-—8—740: 84514188 1CHBCHED -ne338-070—42-9 .

1.5 1.3 [[00241) Tdble 13 | Pe¢d [t et {s ™y mol%

NotyTRpleZlat Diéntt atCywr e| qaipgluct ede.ed) 19501 N M,M, | CoM

Ww.%Dblend of 1,1-[difluoroethane in .

1.1, 39 2- tet pgf pyorogtgiane| (7kgobut ykene yaggy | 17 | 29

gopo yrrerl zed™wth one of {the floll ow ng conobnoners or

go j ag i aj Ta 131 kga@prien

(| P) 9? ?1“3%& ok i e‘%é‘(hw stg)b/'r%ene Bﬁg (0%)6 2.9

m ru =t - y (t-ByS), (0.

run), 74 FF@EF? nd) t%l]%séz %g%e L}i4 8- g?ﬁmer ?'P:%P) 2.9

() p ) |or 0 _O 04 7

RCT/ E’Jézoo FosioHs 2‘?‘&5 dg?qn; rn%z of i gé?er Xd 19 41

ni~) and pr et hyl styrene. (0. I3 ni) rur

iIndi é@t ed QITIZII%EF 6 PRt otk soI 551 Son %32 1.5 4.3

gthytatoum o di chtoride (EADC) ano nyo o en gnioride

(JHC1Y7 was Eﬁ‘bﬁgfed i rBwet hyﬁ@:hl or ldd by |add’ng 0ld20| 43

—of—a—t O ol HCt—oluttonmn

1, 1, 18 2- t CHaC€HEor|octiahe | ab?l 0. 9646 of &81.Q mdl7/L| 44

thyl althiraom-—di-ehtorrde—sototion—nhexane—to 1060

af n@dhyl| Ehl;6HFdg. t-Ba¥ ymev3Xati od8.0ner¢ 7UAR Qy 1.6 4.1

ddinao dr nnw on 1 5 i nE  + I ct el AN LI

A=A L BN R LY K] OO PV oSTh L o 1 A\ T SUTUCUCN DO T

sol uBdon t €H;G8IFst|i rtrBaS nhnéddfer| solldtdi ons, 763cept 1flor | 2.8

exanples—98,—99, 100,101
81 CH;3Cl Ind 704 18.6 49.9 1.4 1.0
82 CH;Cl Ind 645 17.1 34.1 1.4 14
83 CHsCl Ind 319 8.4 44.6 1.4 1.1
84 CH,FCF; Ind 424 11.3 36.7 14 1.7
85 CH,FCF; Ind 464 124 37.9 1.4 2.0
86 CH,FCF; Ind 496 13.2 40.8 1.5 1.9
87 CH;3;CHF; Ind 328 8.7 40.8 1.5 14
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 (-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



102, and 103. For exanples 98, 99 and 100, 3.0 m of
EADC/ HC1 sol ution was used. For exanples 101, 102 and
wao®4/0&7537 M of EADC/ HC1 sol ution was used. PCT/US2003/041221

Pol ynmeri zations were termnated with the addition of
0.2 m of nethanol. Polynerigation in any of the
hydr of | uor ocarbons resulted in rubber particles that
did not adhere to the walls of the reactor or to the
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he stirring shaft. Tabl’e 13 VYield Conv.

Em]mjihlalrﬁmm@tgl)lo(ldﬁ Sofution 1@ BeAvn/ ol IQIlel 89 Ihéthy_llllﬁlonde

3 453 2.0 1. 90, | 061 6 1.8.2.0 91 1P
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p“é%hﬁ%% 3 Ihd s &ogo@elssol%@v@ngéfoz TxBn @5 9@ 99 21 00, 101,
-BuS 411 10. 304 BuS 38

2 11)21 and 107, FoRegenplss a&, 99 w1109, 3.01md oﬂ@Aﬂwcc@wmn was

| ntredod o Beapidgs o1 307°4a 5,230t o EADAC sbston e usea

108o1{ARed 24i0n 3 Swére 1@AnihafedSwath 2 alBtidn f10.20 ml90# nlethanol.
8.4 103 RP 389 10.4 76.9 1.4 8.8

Polymerization in any of the hydrofluorocarbons resulted in rubber particles that
did not adhere to the walls of the reactor or to the stirring bar. The particles
floated to the surface of the liquid when stirring stopped. The particles were hard
as evidenced by pressing on them with a chilled spatula when tested near reaction

temperature. Polymerization in methyl chloride resulted in rubber particles that

adhered to both the reactor walls and the stirring shaft.

Table 13

Yield Conv. My, mol% -

Example CoM (mg) (Wt.%) x10° | M/M, CoM .
89 IP 1147 31.1 453 2.0 1.9
90 IP 2061 55.9 628 1.8 2.0
91 IP 2332 64.6 276 2.0 2.2
92 pMS 654 17.3 782 3.4 2.8
93 pMS 722 19.1 624 3.0 2.8
94 pMS 795 21.0 665 3.0 2.7
95 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




104 | P/pMs 331 8.9 632 1.8 0.49/1.7 105 | P/ pMs 423

11.3 699 1.8 0.67/1.5 106 | P/ pMs 361 9.7 989 2.1
wW@2002/0475%37 [ 00242] Table 14 lists the results oPCT/US2003/041221

copol yneri zati on of isobutylene and butadiene (0.15

m per run) that were conducfkgd at -95C in nethyl

chloride (as a conparative, exanples 107 and 108),

1,1,1,2-tetrafl uoroet hane, 1,1-difluoroethane or a 20
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Table 14 Yield Co

( vivds @gen@@iﬁnde (HC?)Vwas preparecFﬁl methyl cl:%loru?enby é(ﬁ%g 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.
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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%




107 CH3C1 503 13.7 0.2 108 CH3Cl1 689 18.8 0.1 109

CH2FCF3 448 12.2 0.2 110 CH2FCF3 543 14.8 0.3 111
WERRRQF37404 11.0 0.3 112 CH3CHF2 338 9.2 0. 2PC1/LS2003/041221

CH3CHF2 481 13.1 0.1 114 CH3CHF2 352 9.6 0.2 115

CH3CHF2/ CH2FCF3 453 12.4 0.34 116 CH3CHF2/ CH2FCF3

777 21.2 0.2 117 CH3CHF2/ CH2FCF3 573 15.7 0.2

Exanples 118- 141 [00243] The pol yneri zati on exanpl es

d {m) einlc YRk RVD
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Tabl e 15 and -35C for exanples in Table 16. The
solutions were prepared BSE.EEM ning 20 m of the

chilled liquid diluent, 5 mM of liquid isobutylene
and 0.40 m of jsoprene. ExceptioNeldo| tGonv.pr owd¥bur e
are not w. Pol rization sol utian [ e
magnet i g@‘]“f L?t rred ]i'{'le‘*t"én'per af i‘é‘gﬁnﬂ@%ﬁ CoM
initiatfe o’ e dropw Seaddi tifon. of @ ST ock
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2004/ 0 "':"" PEH-US26031 641221 —95 100244} —Table 15
lists tlhe }(Esul t s of CbhFGheri zafi o8 t hatl2Were 0.2
conductled—at 05C—FExarptes—338—319+3126—123— 124,
125, and 1PI® arp conpahBCFye exanplles |wildl® Exa es
118 and-119 beihgexanples—of-tiHsinhvenrtion—100245]
Pol yner|i zatilons vver eOHiFCBy t he|dr4gaw se 1addi ti @B of
this stlock of pthylalum numdic¢hloride (EADCH
hydr ogen chioori de (I—I@H)jcgqyguti on tmg he 92 0.2
113 CH;3;CHF, 481 13.1 0.1
114 CH;CHF, 352 9.6 0.2
115 CH;3;CHF,/ CH,FCF3 453 12.4 0.3
116 CH;CHF,/ CH,FCF3 777 21.2 0.2
117 CH;CHF,/ CH,FCF3 573 15.7 0.2

Examples 118-141

[00243]

obtained by running slurry copolymerizations in test tubes equipped with rare

The polymerization examples listed in Tables 15 and 16 were

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.



stirred nononer solutions. A stock solution of EADC

and HO was prepared in nethyl chloride by adding
w@2820671577 of a 1.0 nol/L HO solution in 1,1, 1PCF/US2003/041221

tetrafl uoroethane and 0.960 ml of a 1.0 nol/L

et hyl al umi num di chl oride solytion in hexane to 100 m

of methyl chloride. The total volune of the stock

solution added to the polynerization for each exanple

is listed in Table 15. A separate stock solution of
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chloride in the stock solution is the same for both preparations. Polymerizations

were terminated with the addition of 0.2 ml of methanol. Polymerization in 3,3,3-
trifluoropropene resulted in rubber particles that did not adhere to the walls of the
reactor or to the stirring bar. The particles floated to the surface of the liquid when
stirring stopped. The particles were hard as evidenced by pressing on them with a
chilled spatula when tested near reaction temperature. Polymerization in methyl
chloride resulted in rubber particles that adhered to both the reactor walls and the
stirring shaft. Polymerization in 1,1-dichloroethane or 1,1-dichloroethene resulted
in solvent swollen polymer particles that adhered to the reactor walls and the

stirring bar.



121 H2C=CHCF3 1.7 309 16.7 266 2.3 2.2 122 H2C=CHCF3
1.7 274 20.6 218 2.1 1.8 123 H2C=CC12 1.7 118 3.2 33

wQ 20406777 124 H2C=CC12 4.0 447 13.4 47 2.1 1. O0pCWRS2003/041221
CH3CHC12 1.5 112 3.0 108 3.1 1.7 126 CH3CHCl12 1.5 202
5.5 116 2.6 1.9 [00246] Tabl 16 lists the results of
pol yneri zati ons that were conducted at
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[ 00247]
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136 are ‘conparative exanples with Exanples 137 -
141 Dbeing exanples of thi

Pol ymeri zations were run b ropw se addition of a
A
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olution Wwas prepared fromthe additionh of 0.034 o
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sot utton added to the polynerization for each exanple

i S[Oﬂhjl(rcjt ed ifpl@h Bstlfhe results of polymerizations that were conducted at
-35°C. Examples 127 - 136 are comparative examples with Examples 137 - 141

being examples of this invention.

[00247]

solution of the coinitiator/initiator pair.

Polymerizations were run by the dropwise addition of a stock

A stock solution of ethylaluminum

dichloride and hydrogen chloride (HCl) was prepared in methyl chloride by
adding 0.320 ml of a 1.0 mol/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/L concentrations of

ethylaluminum dichloride and hydrogen chloride in the stock solution are the




[ 002481 Pol ynerizations were termnated with the
addition of 0.2 m of nethanol. The polynerization in
wa @46 fshuor oet hane or 1,1, 1, 2-tetrafl uor oet haP€T/U§a0E041221
rubber particles that exhibited stiff-rubbery physica
properties as evidenced by probing with a chilled
spatul a at reaction tenperature. M nor anounts of
fouling were evident on the reactor walls and stirring
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Sqished 1}(@5}@ 1gonv. MNnol % E sanple Diluent (m)
(nn~g) (o /() ~~ 10 pv "& TA. HP 127 CH3Cl 4.0

1953 53.1 45 2 1 2 128 CH3Cl 4.0 1678 45.6 54 1.3
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polymerization in methyl c lorlde resulted in a viscous coating of polymer on
both the reactor walls and the stirring bar. Very little of the polymer was
"suspended" in the diluent medium. Polymerization in 1,2-difluorobenzene or
1,2-dichloroethane resulted in solvent swollen polymer phases that adhered to the

reactor walls and the stirring bar. Polymerization in 1,1,1-trichloroethane occurred

in solution. Polymer was recovered by removing weathering off the solvent.

Table 16
Cat. S
Soln. | Vield | Conv. le mol%
Example Dilueni (ml) (mg) (wt.%) | x 102 | M,/M, P
127 CH;C1 4.0 1953 53.1 45 1.2 1.2
128 CH;C] 4.0 1678 45.6 54 1.3 1.3
129 CH;Cl 4.0 2339 63.6 51 1.2 14
130 CH;CCl3 4.0 3068 83.2 48 2.2 0.9
131 CH3CCl3 5.0 2993 81.2 59 22 1.0
132 1,2-difluorobenzene | 4.0 2033 55.1 35 1.6 1.5




139 CH3CHF2 3.0 1085 29.5 78 1.5 1.6 140 CH3CHF2 3.0
1104 30.0 92 1.4 1.6 141 CH3CHF2 3.0 953 25.9 95 1.5

wa 2@4/0&85anpl es 142- 146 [00249] Table 17 |ists PEBEUS2003/041221
results of copolymerizations of isobutylene isoprene
that were conducted at -95C G2FCF3. The
i sobutyl ene/i soprene feed ratio was changed for each
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aggloneration of the slurry particles is .
significantly reduced in the hydrofluorocarbon. The

GPC traces
Examples 142-146

[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.



of these isobutyl ene/isoprene copol yners do not show
any sign of gel formation or cross-linking, even for
w0 b@4assnpl e 146 which contains nore than 5 noP@§/US2003/041221
i soprene. The high diene isobutylene/isoprene polyners
made according to this inveghion can be hal ogenated
subsequently via standard, established hal ogenation
processes for maki ng hal obutyl polyners. Exanple 147
[ 00251] The dependence of ar wei ght on
conver si on was deterninediﬁgrﬁggobutylene/|soprene
copol yneri zations run in nethyl chloride and CH2FCF3
at _-95C _This dependence was determned for two
dif ferent iﬂypﬁatJr/coinitiator‘systens; pne basged on
TMPCl and thaoml hel loaaedsion f{1Q, |Bomy chatal yst
systens used EADC as the Lew 9
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PCTHUS20031 041221 100 Cconcentrati on wWas Set at 0} 1
Wi % ERDC [in RB@ . The i Aftiatar/8ini t %8t of sdfut| on38
WS added dropwi Se(to the pmynerlz on XTUT € i
the ddfte jof HMH tion is8controll3&d |i n3uch a&®way so&?
" that—the reactor tenperature rai se dird not exceed 4C.
The anmpbunt of initiator/coinitiator solution added in
edﬂﬁﬂ%pende’lﬂlesm exlmmplie slenwabstrate rthermrep:amatinelr of dmgh molecular
tar data r. these pal yneri at| shown
| evelgi copBiattat Y Kigh NSpRerR Snd bt L RS Rt of e

V es'hﬁﬂss &ﬂ@le@@@ﬁﬁcaﬁﬁl@%&@e@ in tﬂerhyﬁﬁ&ﬁuoﬂi’@r@%p qoE €PC traces
decli'ne of nol ecul ar weight with increasing conversion

i of thiss dsabatylerfiseprertacepolimas dhowt shew apiCisignsofagel formatlon

ferrad initial | .
2 5GP S [ IR A LR By B o
arigopzoe, OPE lagh e Wasbutytardsgrat Iﬁﬂym&@ Ghade a@b&ﬁﬁg&o this

A nolar ratio_of 97/ 3 of isobutylen
invention can be halogenated subsequently via standard established halogenation

%;

processes for making halobutyl polymers.
Example 147

[00251] The dependence of molecular weight on conversion was
determined for isobutylene/isoprene copolymerizations run in methyl chloride and
CH,FCF; at -95°C. This dependence was determined for two different
initiator/coinitiator systems; one based on TMPCI and the other based on 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 wt% of the monomers were charged into the
chilled reactor. A molar ratio of 95/5 isobutylene/isoprene was used for each

polymerization. The initiator/coinitiator molar ratio was controlled at 1/3 and the



cycl opent adi ene was used for this polynerization at
10.8 wt % nononers in the feed. Cycl opentadi ene was

wo e@slobyp7rr acked for this experinment. The PCT/US2003/041221
initiator/coinitiator solution was prepared by
di ssolving 200 microliters ofjg@ 1.0 nol/L solution of
hydrogen chloride in CH2ZFCF3 into 50 m of pre-chilled
CH2FCF3. To this solution was added 500 microliters of
a t §
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SoéBéQﬂvle&t Y PesEt Bith abg EHUR/ Qhﬁhlml d8 hNpreferred initiator for
Hydr of | uorocar bons and Bl ends [00253] The solubility

t espslynepigaties in CHEEOFes 19 - 25 were perfornmed using
neat ethyl al um num di chl ori de (EADC). Each test was
performed in the following way. 5 ml of the condensed
hydgphdigoa®car bon were charged into a dried test tube
cooled to -90C in the dry box cold bath. To this
liquid at -90C, 4.1 microliters of neat, liquid

e LA AP AR, SO v

M ¢dndi€ted Td%e-%mtmr €H,PEF;.t han nldroyRid b 9WaF rBft Bobiglene /
boi ling point of the diluent while agitati ng t he

c oepctapestagiene fweas tused farubis. pohymenizating agil0@ewt o rmagramesds in the
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Obﬁlﬁ[a‘i(ﬂfdoﬂﬁﬁatwﬁﬁcﬂuﬂmﬂ Wa@fpté'p’arddhlﬁ?y dissgili@p exd0 microliters of al.0
heat i ng/ cool i ng cycl e. er this first heat/cool

cy®@pKL “solatigag o Wéfogan dcbmded i LIafEF3 ointp 0 B ¢fepigyshilled
Chb?fﬂ"é‘l%. WRS this solution was added 500 microliters of a 1.0 mol/L solution of

ethylaluminum dichloride in hexane. This solution was stirred for 5 minutes.
Polymerization was begun by the dropwise addition of the initiator/coinitiator
solution into the monomer solution with stirring. The addition of this solution was
maintained at a rate necessary to keep the polymerization temperature from rising
above -92°C. A total of 35 ml of the initiator/coinitiator solution was used. A 500

ml glass resin kettle was used for this example.



added. The heat/ coo
additions of 0.5 m of

wo elokoeisny each heat/ cool
observed to dissolve or a 50/50 V/V blend was
achi eved. The foll ow ng

chl ori de

9 Fine-scale floccul ati on

ceal o f1

nmet hyl

cycl e

cycl e was repeated. Subsequent

chl ori de were nmade

unti |

t he EADCPU@EES2003/041221

obsgyivati ons were nmade and
recorded. 1,1,1,2-Tetrafl uoroethane (HFC- 134a) WO
2004/ 067577 PCT/ US2003/ 041221 102 Table 19

Preparati on Vol ume % Met hyl,6jaggr vat i on
EADC + 5ml HFC-134a 0 | nsotubte  chips'

Chl ori de
+ 0.5mL net hyl

+ 0.5nl net hyl

npet |n\1|

Ghloride

17 Fin

f‘f‘ll!

ti1ion 4+ N Erd
T O

UL ITTT IIL;l. LIL} y B
¢hl oride| 23 CIOL69“§h§53h5| - Islight flloc at b.p. +
0. Bainple] Myilueshl|or (We%29 Cxaoady; VEM, STNOI%aPDi c| %s1,2
- 0.5l pethyl ghloride 33 Lesgcloudyitno—visibl
par kgl es CHFCEE; 3l st hyl | csp7or|i de 138 Still sless 15
(|n|ld\l + 0 5l thyl chlbride 141 Nearlv clear 4+
0.5mL nethyl chloride 44 Nearly clear + 0.5nl nethyl
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[00254] “In t e tests I n Table 19, "the floccul ation

occurred after cessation of stlrrlng, froma very

iR o TS RN e S ol arsyore Peffomed
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following way. 5 ml of the condensed hydrofluorocarbon were charged into a

dried test tube cooled to -90°C in the dry box cold bath. To this liquid at -90°C,
4.1 microliters of neat, liquid ethylaluminum dichloride (EADC) was added.
‘Solubility was checked by vigorously agitating the resulting mixture. The mixture
was then allowed to warm to the boiling point of the diluent while agitating the
contents of the test tube. After the diluent reached its boiling point, the mixture
was cooled to -90°C by immersing the test tube into the cold bath. Reported
observations were made after the completed heating/cooling cycle. If after this
first heat/cool cycle, the catalyst did not dissolve, 0.5 ml of methyl chloride was
added. The heat/cool cycle was repeated. Subsequent additions of 0.5 ml of
methyl chloride were made following each heat/cool cycle until the EADC was

observed to dissolve or a 50/50 V/V blend was achieved. The following

observations were made and recorded.

1,1,1,2-Tetrafluoroethane (HFC-134a)




Chloride EADC + 5nil HFC-32 O Insoluble “chips' +
0.5mL nethyl chloride 9 Slight cloudy + 0.5nm nethyl
w@hdoatse7 17 Some floccul ation + 0.5ml net hyl pchruszo0sies1221
23 Cear Fluoroform (HFC 23) Table 21 Preparation
Vol ume % Met hyl CObservation ;ghloride EADC + 5ni
HFC-23 0 Insoluble "chips' + 0.5nl nmethyl chloride 9
I nsoluble + 0.5m nethyl chloride 17 Insoluble +
0.5mL nethyl chloride 23 I e + 0.5m nethyl
chloride 29 Insoluble + O Bl thyl chloride 33
I nsoluble + 0.5m nethyl chloride 38 Insoluble +
0.5m nethyl chloride 41 Insoluble + 0.5nl methyl

chl ori che 44 1.nsol ubl + OgS thyl ~chl aride 47
| nsol ubi™ pari‘{'?)‘? 5mil rr&‘ﬂ%&oh F]T@Ee 50 | nsglrbﬁ ion
1/1, 1-Trifl uoroet hane ( o19% a) | VWO 2004/ 067577 =
PC ggﬁ§ %ﬁl%lij\iﬁ 04 Tabl e 22 Preparatjo ol glrre %
Obs 84 |cnl ori de EADC|+ 5mi 238
I ns % 0.5nt  net hyl |chl oti de
sus%é) thdegor%irﬁ met hyl “chl ori de 17[: z‘i/&l’cc‘%a%n
sis R%nbjml methyl chloride 17 Fine-scale flocculation
+ 0.5ml methyl chloride 23 Cloudy suspension; slight floc at b.p.
+ 0.5ml methyl chloride 29 Cloudy; very small particles
+ 0.5ml methyl chloride 33 Less cloudy; no visible particles
+ 0.5ml methyl chloride 38 Still less cloudy
+ 0.5ml methyl chloride 41 Nearly clear
+ 0.5ml methyl chloride 44 Nearly clear
+ 0.5ml methyl chloride 47 Clear
+ 0.5ml methyl chloride 50 Clear
[00254] In the tests in Table 19, the flocculation occurred after cessation of

stirring, from a very cloudy suspension. The original ‘chips’ were no longer

visible.

Difluoromethane (HFC-32)




+ 0.5mL nethyl chloride 23 C ear solution

1,1-di fluroethane (HFC-152a) Table 23 Preparation
wo/odoume7sh{r) Oobservation Methyl Chloride EADCPGT/BRID03/041221

HFC- 152a 0 Sol ubl e [00255] The solubility tests

performed in Table 24 were pgpformed using 1.0 nol/L

st ock hydrocarbon sol utions of ethylal um num

dichl oride (EADC) prepared at roomtenperature from

neat EADC and the hydrocar®gpellpsted in the table.

Pentane refers to normal pentane. ULB hexanes refers

to an ultra low benzene grade of hexanes, an isoneric

ixture which con ::n nc A5 ppm han7ana The

i nal Premargtion ¢ of 1 bt Y F‘gg ﬁg‘iﬁtgﬁ( LFC- 134a) %W?tb‘ﬁ'
\as prepared by aim ng Chloride om enperature EADC

t agkpe ol suiipga-svol ume ligted in {he tabl ensoluBletdnes’
iquid HEC-134a inla test tube held at -35C _|n all

a$©$m1@{étliymzﬂld)rﬂie 50l utionp is obfained whishglitsloadyear

nd colorless Thelresulting solufion was th
y+|orm§ri&mg,gcmmet est tubeyinto the dry bosonedidcbaton
hernmostated at -95C__The cloud-mnoint was determ ned

Y -+l nfktynniédt § enper apyire of the liquid wicdlkara
tlhermoneter and visually determ ning the onset of

cl oudi ness. The sol utions again becane clear by

al ' t utions to warmto a tenperature above
tIJh%lIO @@(?Qi. The behavi or of the solution around
the cloud point was observéddbledtl several m nutes by

repeatedly cooling and warm ng the solution. This
phenonenon was found to be reproducible. WO

(—h

O o0 0 —W\n

20047 OB fadation || USZOUSNERE, Methgl0P Tabl € 2Z4Qpservation
Hydr ocar bon Vol une (m cmidr;d@rs ol une of Final' EADC
Clroud 10— M-StorkEADC HFC-1344a Concentration Poi nt
SoI EADGH PmBFCA . 49 (O Fentane 100 10 0. kpselghie “chips’

+ 0.5ml methyl chloride 9 Insoluble

+ 0.5ml methyl chloride 17 Insoluble

+ 0.5ml methyl chloride 23 Insoluble

+ 0.5ml methyl chloride - 29 Insoluble

+ 0.5ml methyl chloride 33 Insoluble

+ 0.5ml methyl chloride 38 Insoluble

+ 0.5ml methyl chloride 41 Insoluble

+ 0.5ml methyl chloride 44 Insoluble

+ 0.5ml methyl chloride 47 Insoluble

+ 0.5ml methyl chloride 50 Insoluble

1,1,1-Trifluoroethane (HFC-143a)




Pentane 174 15 0.1 -87 ULB hexanes 174 15 0.1 -85
Solubility of Al koxyal um num Di chlorides in

wa 2406371 et r af | uor oet

hane (HFC 13

4a) [ 002561rdiES2003/041221

solubility tests reported in Table 25 were conducted
by preparing each al koxyal ufggnum di chloride in situ.

A general procedure f
correspondi ng al cohol
nol es of the al cohol

ollows., A's
was prepared

to 19.piehhi|

ol ution of the
by addi ng 0. 0001
iters of HFC-134a at

-30C. To this solution was—added 100 microliters of a
1.0 nol /L stock pentane solution of EADC. After this

EC-134a cnl Ut

AV.V.a¥al c‘ha|/on

|r\n
T

<

VA I A AL M)

rn/t—l-lf—'-(-rﬁ—

9

Oi Ato.5rilgethyd elilandeor

43@(_315{% ti nn the F

ber i odi CEPFPIer t he %H’ a' ni nutes. THE LSRN on
vas—al lowed to warmto Lehlgride ) osed JSSSS! ahd
heBADCOOSRUHFO- 1433 dry boxocol d bath t her fmslualeéchipgt
95C.__The cloud pointl was deternined-by ronitoring

he +toeImpekaliylieigo@fe tHe [iqudpd with a t her nTiowtyesnspigion
j Ml t he onset of cloudi-ness—The

ol w0 . pmsndigatklodecane cl ear7 by al | ow ng Clbedy suspension
ol utions to warmto t ure-abovethe—cloud

of thex3sol u_t|

on ar ound Cidaesobltiond

¢
cool ing and warning t

f qungifhPoctiic (ARCOLS) bl e.

CT‘/‘US?OO‘&“O#%??T_TO%

he sol uti on.
WO 2004

Thi s phenonenon was
/ 067577

Tabl e 25 CH3O0AI C12 CH3CH2QAI C12

(CH3) 3COALCI 2 CF3CH20AI C12TaBla23g/ nol ) 128.92 142. 95

171.00 196.92 W.
-40C d oud point (O

% solution 0.09 0.10 0.12 0.14 @
-85 -85 -85 wsolids -87

[ 00257]

A
(jsuch as

patehharadibhl pPat en
STM net hod

T apPluied On
S Metldn ChRiriaer

S, test prasesufies
docunents cited

dxt EMPSten BFsdpHsur

hererm are fUl Ly _INco

rporated by r
e is not inco

gference to
tgﬂl“plﬁl s

nsi stent w

i mvention and for afl

[00255]

The solubility tests performed in Table 24 were performed using

1.0 mol/L stock hydrocarbon solutions of ethylaluminum dichloride (EADC)
prepared at room temperature from neat EADC and the hydrocarbon listed in the
table. Pentane refers to normal pentane. ULB hexanes refers to an ultra low
benzene grade of héxanes, an isomeric mixture, which contains less than 5 ppm
benzene. The final 1,1,1,2-tetrafluoroethane (HFC-134a) solution was prepared
by adding the room temperature EADC stock solution, volume listed in the table,
to the liquid HFC-134a in a test tube held at -35°C. In all cases, an initial solution
is obtained which is clear and colorless. The resulting solution was then cooled
by immersing the test tube into the dry box cold bath thermostated at -95°C. The
cloud point was determined by monitoring the temperature of the liquid with a
thermometer and visually determining the onset of cloudiness. The solutions
again became clear by allowing the solutions to warm to a temperature above the
cloud point. The behavior of the solution around the cloud point was observed for
several minutes by repeatedly cooling and warming the solution.  This

phenomenon was found to be reproducible.



jurisdictions in which such incorporation is
permtted. [00253] Wen nunerical lower limts and
woeovossat upper limts are listed herein, raPgEESIndm1221
any lower limt to any upper limt are contenpl ated.
[00259] While the illustratiyg enbodi nents of the
i nvention have been described with particularity, it
wi || be understood that various other nodifications
wi |l be apparent to and can be readily nmade by those
skilled in the art without departing fromthe spirit
and scope of the inventionTaBleddrdingly, it is not
i ntended that the scope of the clains appended hereto
be limted to the exanples and descriptions set forth

e RircaBon | 2V élRme (HRrollthS) G V4Tamber CONNihAIFABE | Cloud
rnconpassi ng ol lo Nk FADL €5 WECAB4LNT abbicecR@NBId Y|  Point
vhi ch reside in t&guignesent | i nygihi ony ingwyding al | (o¢)

€
\

4+ ) 1 -l o 4 + [l N f
freatures—which—wout-d—be—tregted—=as ceguivarentsthnerieol

)y Renese skilled ilA0the art| to WAich the irfkbntion -87

(oY aVa W W aVole ] ke e B VxS AR B Ve Vo VoV W AW B Wa V¥ | 1z AL A
Fe' tarns WD ZUUA4T U0 T7TO7 7T FCINOZUUSI Uad1LZZ21 TU7 CLAINVS

WHATPeni@nCL Al MED | S:174. A pollyrerilzati on prockks -87
onprising¢ontacting a catgtyst—system—a dituent

¢ 33t hexpmey one or rh?ﬁ?e hydr of | uorlécar bon(s) ¢HFC s)|, -85
nd—one—or— nore nononer{s)to fornma potynmerization

medi um wherein the polynerization mediumis

e\Eapahsilityeel Alboikyeduiibeupdbighierideatin b/1,1,24eifdfbuoroethane (HFC-
pol ygri zation process of claim1, wherein the

cdAtakt | ng occurs in a boiling pool reactor system

3. The polynerization process of claim2, wherein the
boiling pool reactor systemconprises a plug flow

e 001fb¢r r ealdteosolobiliy desty rregbrtednkn rightst @6. wére Theducted by

I rizati . ¢l aim 3.. wherei he pl
P Instieie et ATk RN B i POEL el B Gt ProgPali? fflovs.
ZN881ufieh of iR PRGsINAIR! RcoldP RAFPEdpaded B3 aditer 0.0001 moles of
pol yneri zation process of claim3 or 4, wherein the

plthe) akcbbal toehtt mulbtery e 6 13achtt-Ae°Gt (Tpribis sohwtion was added
' el%f)tnq{crochqe sroifsael.e Igcl)l}tr gtloiclt( %egt%ne solution of EADC. After this last
addition, the HFC-134a solution was shaken periodically over the next five
minutes. The solution was allowed to warm to -10°C in a closed vessel and then
cooled in the dry box cold bath thermostated at -95°C. The cloud point was
determined by monitoring the temperature of the liquid with a thermometer and
visually determining the onset of cloudiness. The solutions again became clear by
allowing the solutions to warm to a temperature above the cloud point. The
behavior of the solution around the cloud point was observed for several minutes
by repeatedly cooling and warming the solution. This phenomenon was found to

be reproducible.



i njection zones for the catal yst system 6. The
pol yneri zati on process of claimb5, wherein the

W@ 200al0y7s77 syst em conprises one or nore Lewi s BCT/U§RP3/041221
and one or nore initiator(s), each being fed
separately or together througd the plurality of
i njection zones. 7. The polynerization process of any
of clains 3-6, wherein the plug flow extruder reactor
conprises a twin screw extiqygrrzs 8. The pol ynerization
process of claim3, whereimthe stirred tank reactor

conprises a discharge screw. WD 2004/ 067577
PC‘-!_'/ LIS2002/..041221 108-9.— The po! : rizati nn

[l

A/~ A= 4 pan = =y —y —p= o T TZaac T Ot

—proces
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eaBWolz/malypr|i sa88.92 stirres2.9%hat ki ns111® pol yjmer 196.92

artieclec an directc ha nolvmar arti ~l ac +tn o
A T OO LUJ TIw \wre J LAY

PYUTy et L=, % B T v | (o8

gé@?%ﬁg%'ﬁfet. 009 The pol§herization pr.tress of 0.14

Q ST ST

) o ; . .
Lai @"40 vherlein the stirred tank reactor comrli s
, prises a

unB&d poiktec)The ped ymeri zat igsn propessgph/selidi m|10,  -87
viherein the flunnel is positioned ear aor belowlt he

—h

surface of the liquid phase of the polynerization

j 12. T i i i
e, 12, b R DA e
maheheds) adndf dthey doopakhte ciis) heroineare fuliypineorparhte by fef@ence fo

i npel ler(s),, or conbinations thereof. 13. The |,
pdhg e 2o disslagtss v Elcansiat WHAr i PRt prd dir all

t : j tirrer. 14. Th
pg%scﬁ@cﬁﬁlts% whith A0S %Bg@rrﬁ%ﬁqgﬁé : ed e

nmeri zation process any e precedi ng clains,
wherein the evaporated polynerization nediumis
cglb ed, ressed ond nse and re urnea.t
pdP

d t he.
zat | BRORBRERA JVErTHBN B, Rerical Pape fimifoag Tisted

ofhedll, 1BhgdsTRorR beF RHleR nf 1BiafF uppbralsit Areld@templated.

pol yneri zati on process further conprises the steps of

(a) cooling the
[00259] While the illustrative embodiments of the invention have been
described with particularity, it will be understood that various other modifications
will be apparent to and can be readily made by those skilled in the art without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present

invention, including all features which would be treated as equivalents thereof by

those skilled in the art to which the invention pertains.



pol ymeri zati on medi um (b) supplying the cool ed

pol yneri zation nedium to a reactor; (c) renoving
w@oeingoers7at the reactor outlet. 16. The pol ynePCwas10081041221

process of any of the preceding clainms, wherein the

one or nore nononer(s) conprige an isool efin,

preferably isobutylene, and a nultiolefin, preferably

a conjugated diene, nore preferably isoprene. WO

2004/ 067577 PCT/ US2003/ 04122 A1mE09 17. The

pol ynmeri zati on process of any of the preceding clains,

where the one nore nononer (S) conprise an

l'y isobutylene, and an
aﬁ&?¢§ﬁ¥$@%§habﬁ erabl y met hyl styrene, nore

preferably para- nmethylstyrene. 18. The pol yneri zation
process of any of the preceding clains, wherein one or
nmdr e hydrpsflyoenizatian bera¢ssy ¢oy1m§p¢ge§@ma@mgoy edalyst System a

L S P B R O e

pol ynemh@at nhofkASPIs @mclal pnlyl;ﬁenmhan ehfediun,s wheein the
1 to 10. 20, The polynerization process of cIa|n118

wher ei Pokymeizatigmiedivg i evaporated Huripg themolymerzeben.

process of claim 18, wherein x is from1l to 3. 22. The
pol yneri zati on process of any of clains 1-17, wherein

t e onellerpolymértzativa paddessosfatanbbnglsireinghé oolepaingeartiny in a
sel ected, fromthe group consisting of fluoronethane;

di f | uorkoik gﬂ%?’£%$%ﬁ¥%%?onethane f1 uor oet hane;

1, 1-di fl uor oet hane; 1, 2-difl uoroet hane;
1,1,1-trifluoroethane; 1,1,2-trifluoroethane;

’ Il orséf%‘F ?anas% %J_Sfug%h%g&%lgéb%lg 1[ o stfedtank reactor.
|

i fl uoropropane; 1, 3- d|fluoropropane 2, 2-
oropropane; 1,1, 1-trifl uoropropane,;
- t'Plief pelpmepzasisanerocess pf Tlainy B Wheredpthspaig; flow extruder

tzrreé{tclértj ?tg%%&s 2%? b ralztyslrﬁéétlfolnu%r(l)e%r PR20% one or more

ane;

, ?mb@hﬁ@;gl)uor opr opane;
,2-tetrafluoropropane; 1, 1,2,3
af | uoropropane; 1, 1,3,3 -tetrafl uoropropane;

I
, 3T tgb yg‘gelrr ggﬂriégg Q&Q&e Oijcflﬁx’ é_ or 4, wherein the plug flow
extruder reactor and the stirred tank reactor comprise a plurality of

injection zones for the catalyst system.

6. The polymerization process of claim 5, wherein the catalyst system
comprises one or more Lewis acid(s) and one or more initiator(s), each

being fed separately or together through the plurality of injection zones.

7. The polymerization process of any of claims 3-6, wherein the plug flow

extruder reactor comprises a twin screw extruder.

8. The polymerization process of claim 3, wherein the stirred tank reactor

comprises a discharge screw.



pent af | uoropropane; 1, 1, 1,3,3 -pentafluoropropane;
1,1,2,2,3- pentafluoropropane; 1, 1,2,3,3
WO p@abefsiuor opr opane; 1, 1,1, 2, 2, 3- hexaf | uor oppOpaEsm®P3/041221
1, 1, 1,2,3,3 -hexafl uoropropane; 1,1,1, 3, 3, 3-
hexaf | uor opropane; 1, 1, 1,2;1, 3,3
- hept af | uor opropane; 1,1,1, 2, 3,3,3 WO 2004/ 067577
PCT/ US2003/ 041221 110 hept af | uor opr opane;
1-fl uorobut ane; 2-fluorobutane; 1,1-difluorobutane;
1, 2-di fl uor obut ane; 1, 3-di fl uorobut ane;
1,9%4- di f]]‘hleopmllymeﬁmionZ ,pﬁ)ceshi fof uclninb L8, awberein the polymerization
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,3 -tetrafl uorobut ane;
,4-tetrafl uorobutane; 2,2,3,3-tetrafl uorobut ane;

t
ZLhé-padahiéradatioe Ipﬁidébsﬂﬂﬁclaﬂn 10, whergin3the funnel is positioned
quorobutane 2,4- pentafluoro u ane;

1,
gar 9k i el e owgf{agen é)f the1liquig phase of the polymerization
%{1 ghutane; 1, 1, 1,4, 4-pent afluorobut ane;
P

a
3
f

ent af | uor obut ane;

PR3

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

3'H'§rp g%?ggqtlgéréaéﬁsgﬁ .C aurrrllt ?6 log 44 OQV te:faem the stirred tank
egb’t&e&ﬁﬂfr sH9 BH@ Hf‘ ﬂﬂﬁe ailya?ﬂgw?mﬁ)eller(s) one or more radial

a

, 2,

2,

af

- 3,

2,

t af | uor obut ane; 1, 2, 3- hexaf | Uor obut ane;
1, Aoy zmpeﬂubr(a)‘ ot otmnbmtam :thereof.
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f

1,
4,
f

2,

2,

kg):

, ,2 3, 3-hexafl uorobutane, 1,1,1, 2, 3, 4-

af l uorobutane; 1, 1, 1,2, 4, 4- hexafl uorobut ane;

31“}?6 Polyhexakion Predesd aNlaind 3, Wherein the stirred tank reactor is
4- hexaf | uorobutane; 1,1, 1, 4 4, 4-

uﬁﬁ@ﬁ@ﬂ@ﬁéwﬂyﬂSﬂHETZ 3.3 - hexaf | uor obut ane:

2, 3, 4- hexafl uor obut ane;

2,4, 4- hexaf | uorobutane; 1,1, 2, 3, 3, 4-

14. The polymerization process of any of the preceding claims, wherein the

PRPSPPIPPSRPPTSTRRPTR ! RPRPRRPPRPRPRPRPRPTRREPTN

evaporated polymerization medium is collected, compressed, condensed,

and returned to the polymerization medium.

15.  The polymerization process of any of the preceding claims, wherein the
polymerization process further comprises the steps of (a) cooling the
polymerization medium; (b) supplying the cooled polymerization medium

to a reactor; (¢) removing polymer at the reactor outlet.

16.  The polymerization process of any of the preceding claims, wherein the
one or more monomer(s) comprise an isoolefin, preferably isobutylene,

and a multiolefin, preferably a conjugated diene, more preferably isoprene.



hexaf | uor obut ane; 1,1, 2, 3, 4, 4- hexaf | uor obut ane;
1,2,2,3,3,4- hexafluorobutane; 1, 1, 1,2,2,3,3

WO b@pefshuor obut ane; 1,1,1, 2, 2, 4, 4- hept af | uor POTIUSIVE3/041221
1, 1, 1,2,2,3,4-heptafluorobutane; 1,1,1, 2,3, 3, 4-
hept af | uor obut ane; 1,1, 1, 2, 3108, 4- hept af | uor obut ane;
1,1,1,2,4,4,4- heptafl uor obut ane;
1,1, 1,3, 3,4, 4-hept af | uorobutane; 1,1,1,2, 2,3, 3, 4-
oct af l uorobutane; 1,1,1, 2,2, 3,4, 4-oct afl uor obut ane;
1,1,1,2,3,3,4,4- octafl uorobut ane;
111, 1, Th2 pblynetizatompionessaifang of thelprécetljiy JaiMmss where the one

L1 0 b L A

1-f1 uonge yl oY {t{leHO Ongor¥\O preferabl ara-
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1, 3- di mheilwylstyeneet hyl propane; 1,1, 1-trifl uoro-2-

met hyl propane; 1,1, 3-trifluoro-2-nethyl propane;

1, 3-di fluoro-2- (fluoronethyl)propane; 1, 1, 1,3

- tl%t r aftHdYoBneer VBt bty ot @iy df ﬂqe%r&edmg clalms wherein one or
tetrafluoro 2- et hyl propane; 1,1,
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-tetrafluoro 2- (quoronethyI)propane
fl uorocycl obut ane; 1, 1- dlfluoroc but ang;

1,19. di fihsobayrizatien Biosess pf glaing; 1) W Frem eI SEre A 10-
1,1,2-trifluorocycl obutane; 1,1, 3-
trifluorocycl obutane; 1,2,3-trifluorocyclobutane;
1,20, 2, Zrhetpolymdrizatowpsoctsindckane; 181 whdrel Bis from 1 to 6.
-tetrafluorocycl obutane; 1,1, 2,2, 3-

pent af | uor ocycl obutane; 1, 1,2,3,3

- pant afTHé(Oifo%ﬂé‘ﬁz‘ﬂﬁHﬁ pRResslof tladma 83wherein x is from 1 to 3.
hexaf | uor ocycl obut ange;

1,1, 2,2, 3, 4-hexafl uorocycl obutane; 1,1, 2,3, 3, 4-

158, S RTmRR AR, topess o SR LIE s ihsredg the ome or
t her eofmord3nydibRusotatbBi(sy as llﬁﬁbpféh@cﬁﬁkys sﬁéct@chyfrcﬁfl the group
clains 1-17, wherein the one or

hydr of |Bp8kERE ba¥H( sﬂup@mqﬁ@@ﬁendbﬂmrymé*@%%t edriflyqgpmethane;
R
1, 1, 1- tr,i phtiflucetthane, 1,1,112-feti@dfluoroethane; 1,1,2,2-tetrafluoroethane;
1,1,1,2,2-pentafluoroethane;  1-fluoropropane; 2-fluoropropane; 1,1-
difluoropropane; 1,2-difluoropropane; 1,3-difluoropropane; 2,2~
difluoropropane; 1,1,1-trifluoropropane; 1,1,2-trifluoropropane; 1,1,3-
trifluoropropane; 1,2,2-trifluoropropane; 1,2,3-trifluoropropane; 1,1,1,2-

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

1,1,2,3-tetrafluoropropane; 1,1,3,3-tetrafluoropropane; 1,2,2,3-
tetrafluoropropane; 1,1,1,2,2-pentafluoropropane; 1,1,1,2,3-
pentafluoropropane; 1,1,1,3,3-pentafluoropropane; 1,1,2,2,3~
pentafluoropropane; 1,1,2,3,3-pentafluoropropane; 1,1,1,2,2,3-
hexafluoropropane; 1,1,1,2,3,3-hexafluoropropane; 1,1,1,3,3,3-

hexafluoropropane; 1,1,1,2,2,3,3-heptafluoropropane; 1,1,1,2,3,3,3-



tetrafl uoroethane, 1,1,1, 2,2, pentafl uoroethane, and

m xtures thereof. 24. The pol ynerization process of
waey406757he precedi ng clains, wherein the dilP€nUS2003/041221

conprises from15 to 100 vol une % HFC based upon the

total volune of the diluenty;p25. The pol yneri zation

process of any of the preceding clains, wherein the

di l uent conprises from20 to 100 vol unme % HFC based

upon t R @idb ro?&ﬂeu nﬁﬂﬁ@robﬂﬁnéi' biRkebutde; MR difluorobutane;

polynerlzatlon océss of any of the precedlng cl ai s,

wher ei h 2E¢16u011d>bu1laeﬂt cbapliflsesbiitanen 251 deliflogobehngre 08.,2-

T

pol ymefd @bt 0C 83 3-0iflvdfobubine! hel puegi@dbrButhai Ms1,2,2-
wherein the dil tent further conprises a h drocarbon

a non- trefémrbbﬂéanﬂ, ef i 3,3-aiftwosybutane; | nbaB-iilgoropgtanghe 2,2,3-

I t f
e S R el B

an HFCy,1204-tdibelupedbyiie] zat | Onl,Q[Zer&aﬂu@f)b@tbﬂ& m 28, 1,1,2,3-
wherei n’ the hal ogenat ed hydrocarbon is

chi or i gsraflgorobytsaeipollylabfitsteativorohpances d- 105 3éﬁtiaﬂ}f°r?m’éane
pr ecedi gLein the g

npr i slgg3 %r%%k@b%we Eevvl S a%:’1 g ?Ais%kr)réghp?léts;%?éénd by 1F12é2 3
f or rrul getidldiprodheine; n 19,2, 8-terdfvorgbudane, 162,3 ,]54:emrﬁihwlrobutane

and each X is a halogen. 31_ T nmer.i zati on
pr oces %l deHAIROTOUERE 1- ZQZ%é&@ ofqhutaRs; o) ystsls1:2:2-

syst enb%&gﬁﬁg?ﬁﬁétﬁ}%@e or ”‘P,rl\il)ﬁi-ggﬂeﬁtaﬂﬁbl%()ﬁﬁané .epr eseritleplz 4-
by th or mu er G oup 4, 5,

14 net peptaflaabbRais a nonadylal, EamemﬂHWMQnﬂydrocarlﬂoh-% 4-
radical in ugrogdent 'y

penta: utane; 1,1,1,4,4-pentafluorobutane; 1,1,2,2,3-
pentafluorobutane; 1,1,2,2,4-pentafluorobutane; 1,1,2,3,3-
pentafluorobutane; 1,1,2,4,4-pentafluorobutane; 1,1,3,3,4-
pentafluorobutane; 1,2,2,3,3-pentafluorobutane; 1,2,2,3,4-
pentafluorobutane; 1,1,1,2,2,3-hexafluorobutane; 1,1,1,2,2,4-
hexafluorobutane; 1,1,1,2,3,3-hexafluorobutane, 1,1,1,2,3,4-
hexafluorobutane; 1,1,1,2,4,4-hexafluorobutane; 1,1,1,3,3,4-
hexafluorobutane; 1,1,1,3,4,4-hexafluorobutane; 1,1,1,4,4,4-
hexafluorobutane; 1,1,2,2,3,3-hexafluorobutane; 1,1,2,2,3,4-
hexafluorobutane; 1,1,2,2.4,4-hexafluorobutane; 1,1,2,3,3,4-
hexafluorobutane; 1,1,2,3,4,4-hexafluorobutane; 1,2,2,3,3,4-

hexafluorobutane; 1,1,1,2,2,3,3-heptafluorobutane; 1,1,1,2,2.4,4-
heptafluorobutane; 1,1,1,2,2,3,4-heptafluorobutane; 1,1,1,2,3,3,4-
heptafluorobutane; 1,1,1,2,3,4,4-heptafluorobutane; 1,1,1,2,4,4.4-
heptafluorobutane; 1,1,1,3,3,4,4-heptafluorobutane; 1,1,1,2,2,3,3,4-
octafluorobutane; 1,1,1,2,2,3,4,4-octafluorobutane; 1,1,1,2,3,3,4 4-
octafluorobutane; 1,1,1,2,2.4,4,4-octafluorobutane; 1,1,1,2,3,4,4,4-
octafluorobutane; 1,1,1,2,2,3,3,4,4-nonafluorobutane; 1,1,1,2,2,3,4,4,4-

nonafluorobutane; 1-fluoro-2-methylpropane; 1,1-difluoro-2-



sel ected fromthe group consisting of an al kyl, aryl,

aryl al kyl, al kylaryl and cycloalkyl radicals; nis an
wo paoegers7trom 0 to 4; and each X is a hal ogenPCBRS20081@41221

pol ynmeri zati on process of any of clains 1-29, wherein

the catalyst systemconprisgg one or nore Lew s

acid(s) represented by the formula MRO nR nmX4-(mtn);

wherein Mis Goup 4, 5 or 14 netal; WO 2004/ 067577

RSy DoaEfabad 1185 eR0 R0 hendimaara) enti, Cludtoro--

C30 hydro d&héxy’radidal |néepende2 [y selectéd from .

t he gr eghydpmpiust;i ng b, 3aniflabioe3metiadylopane; 1,3-difluoro-2-

aryl al kgxy, | Kyl aryl oxy, icals: each is a.

nonovakﬁﬂ*oﬁﬁﬁp%%ﬁﬁﬁxﬁydHd@iSﬂS%migﬁ?%épag%@%ﬁgﬂﬁenﬂPb33'

sel ect %&reffh@fﬁ-ﬁﬂ&tﬂ;flﬁ%aﬁé?ns' lslt,l,Bgriﬂﬁoﬁm-ﬁ*ld@f&metﬁﬂ}ﬁropane;

aryl al kyl, al kyl ary and cycl oal kyl radicals; n i1s anh
i nt eger, 1,133 @ntagludro-gamethydpropanesger f r om 0l,1.8,34tetrafluoro-2-

wherein.the s of n and in,i re n 4. .and i
each xCMuoameltigiorings” Tt M HralRog -0t penllgpane:
any of frbaidyBlobutdfle; WhAfidlodydRbaha] ¥,Stdiflstséiabutane; 1,3-
conprises one or nore Lew s acid(s) represented by the

f or mul diflugreeyelodpimrenx4 ( mn) b2wrdpeiopyqlphsans: oup 4, 1,1,3-
5, or 14.netal ; ch. RC=00 i I to C3
hydroci?%%%??y%%ﬁﬁ%%r inde%%ﬁ%gﬁﬁﬁg&:gﬁ@é?gé fromt %22'
group eargiwtdcygloblitand) al KRtBlBisrafluaoyyaehitawy, 1,1,2,2,3-
aryl al kyl acyl oxy, al kyl aryl acyl oxy radicals; each R

is a m@VﬂP@ﬁ%Y@ﬁb‘%t@e@lzl»h?ér%E%FﬁBWr?%&kg’&Fam? 1,1,2,2,3,3-

i ndepe cted fn € i st ing+af ]
| ndepenesilobeytBSELEd 1190 4 Do MuRoGARTHHEN01912.53.4
hexafluorocyclobutane; 1,1,2,2,3,3,4-heptafluorocyclobutane and mixtures

thereof.

23.  The polymerization process of any of -claims 1-17, wherein the one or
more  hydrofluorocarbon(s) is  independently  selected from
monofluoromethane, difluoromethane, trifluoromethane,
monofluoroethane, 1,1-difluoroethane, 1,1,1-trifluoroethane, 1,1,1,2-

tetrafluoroethane, 1,1,1,2,2, pentafluoroethane, and mixtures thereof.

24.  The polymerization process of any of the preceding claims, wherein the
diluent comprises from 15 to 100 volume % HFC based upon the total

volume of the diluent.

25.  The polymerization process of any of the preceding claims, wherein the
diluent comprises from 20 to 100 volume % HFC based upon the total

volume of the diluent.

26.  The polymerization process of any of the preceding claims, wherein the
diluent comprises from 25 to 100 volume % HFC based upon the total

volume of the diluent.



and cycloal kyl radicals; nis an integer fromO to 4;

inis an integer fromO to 4, wherein the sumof n and
wOoneg/06ms77 nore than 4; and each X is a hal ogePCT/B82003/041221

The pol ynerization process of any of clains 1-29,

wherein the catal yst systemgonprises one or nore

Lewi s acid(s) represented by the fornula MOXS;

wherein Mis a Goup 5 netal; and each Xis a

hal ogen. WD 2004/ 067577 PCT/ US2003/ 041221 114 35. The

pol ymeri zati on process of any of clains 1-29, wherein

t RE. catTdnlemsﬂymsy@nempc«mps pEesy ofitheoprenesding clains, wherein the

aci d(s),.re nt ed f.or

2o ou iy S EREH Spgset AdnaSptboR. pPael oS Sl ghor an

pol ymerjhgagdson process of any of clainms 1-29, wherein

the catal ySt system conprises one or nore Lew s

acid(s) represented by the fornula MRNX3-n ; wherein

g?§sh33&% ‘ﬁ%@ﬁnggﬁpégP&%%h ﬁ%ﬁ oAl ¥§%&Bﬁ{ect g%?&ﬁbmllsa

the gr QuPgeRREd Bidrogrbdn &hedthisyhn HRCY! , aryl al kyl,
al kylaryl ~ and cycloal kyl radicals; n is an integer
fron11 to 3; and each Xis a halogen 37. The

l |
PobY e ORI S BoE Y Sl STy Beh, kb

aci d( s)hydepateand métHyJ/cltlhﬁdef ormula M RO NR mX3- (mn);

30.  The polymerization process of .any of the preceding claims, wherein the
catalyst system comprises one or more Lewis acid(s) represented by the
formula MXy;
wherein M is a Group 4, 5, or 14 metal; and

each X is a halogen.

31.  The polymerization process of any of claims 1-29, wherein the catalyst
system comprises one or more Lewis acid(s) represented by the formula
MR, Xsn;
wherein M is Group 4, 5, or 14 metal;
each R is a monovalent C; to Ci; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 0 to 4; and

each X is a halogen.

32.  The polymerization process of any of claims 1-29, wherein the catalyst
system comprises one or more Lewis acid(s) represented by the formula
M(RO)uR'1X4-(mn);
wherein M is Group 4, 5, or 14 metal;



wherein Mis a Goup 13 netal; each RO is a nonoval ent

Cl to C30 hydrocarboxy radical independently selected
WO e@ai061527 gr oup consi sting of an al koxy, aryl oRgT/US2003/041221

aryl al koxy, alkylaryloxy radicals; each R is a

nmonoval ent Cl to Cl12 hydrocagpon radi cal independently

sel ected fromthe group consisting of an alkyl, aryl,

aryIaIkyI al kylaryl and cycloal kyl radicals; nis an

i nt eger, }LR@ & Sﬂ%&wvbl@nﬂ &, (13?11?%581{)6%&1&&@ iRdependently

wherein the sumot n and ih is tromi to 3; and each

Xis a shkebt(eg efiom\¥he 2004 GOTSITtINCT /apSABORY, 04y Ry, ayiglkoxy,

38. The riz t|on process of any of clains 1-29,

mherelﬁmgﬁ@¥gF &19)€41S; syst em conpri ses one or nore

Lewi s aGblE8)isl#£ H{&l%%ﬂ&ﬁdcp)tot(hﬁ ﬁ}%&iﬂtﬂﬁbn radlcal 1ndependently

M RC=00) nR mX3_(mtn); wherein Mi G oup al ;

each R@e@@edﬁxmﬁb@@@pemnstsymg @é @nbeellggll, awéaalzybﬂlkyl alkylaryl

|ndepend t cted fromthe group independently
selectéﬁ' @ﬁ@#ﬁ@’@f 0 C30 group consisting of an

al kacyl;pxwn idteydraranh 0%y 4; aryl al kyl acyl oxy,
al kyl aryl acyl| oxy radicals; each R is a nonoval ent C1

to Cl2 hyshmistaesoiiomdbiodkwherrde ferfganef 1anda|ippetgnore than 4;
fromthe . group consisting of an al kyl, aryl,

aryl al kag;lld al kyl aryl and cycl oal kyl radi caI S; nis an

I nt egereabh MMs@ Halvgdn. Nz is a integer fromO to 3,

wherein the sumof n and inis from1l to 3; and each

X is a halogen. 39. The polynerization process of any

of3l ai ﬂ[fe éél%gl’en%lﬁﬁle]a‘? %s@% aé)fy Shi énssl/§9e(9h@fyﬁp ilheS 8ftalyst
one or eW'S aci repreésented by the formula
MXy ; system comprises one or more Lewis acid(s) represented by the formula

M(RC=00):R mXu.(rmsa

wherein M is Group 4, 5, or 14 metal;

each RC=00 is a monovalent C, to Csp hydrocarbacyl radical
independently selected from the group consisting of an alkacyloxy,
arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals;

each R' is a monovalent C; to Cj, hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

7 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.

34,  The polymerization process of any of claims 1-29, wherein the catalyst
system comprises one or more Lewis acid(s) represented by the formula
MOX3;
wherein M is a Group 5 mefal; and

each X is a halogen.



wherein Mis a Goup 15 netal; each X is a hal ogen;

and y is 3, 4 or 5. 40. The polynerization process of
w@rgo40675¢t ai ns 1- 29, wherein the catal yst sSysPENUS2003/041221

conprises one or nore Lewi s acid(s) represented by the

formula MnXy-n; wherein Mig a Goup 15 netal; each

R is a nonovalent Cl to Cl2 hydrocarbon radical

i ndependently selected fromthe group consisting of

?a gal KYie Iﬁﬂ?’ﬁlenﬂl\ﬁh 3rbdss oflall lcﬁréﬁ1msaflg9 CyabRRl 1¥l catalyst

i cal's; an 1 nteger fro 4; is 3, 4 or 5,
wher ei rsystemSCdnqmses: loag oy maae dLemsaachdos) lrg)raseh‘alddg'eﬂne fgmula
2004/0%%353 PCT/ US2003/ 041221 116 41. The
pol ymer ion process of any of clains 1-29, wherein

the catvalle)ﬁhMg,s\@G%ﬁpcgmggﬂapgﬁdone or nore Lew s
aci d(s) represented by the formula M RO NR mXy- (mHn);

wher ei reabh Xsisah@ogap 15 netal, each RO is a nonoval ent
Cl to C30 hydrocarboxy radical independently selected
fromthe group consisting of an al koxy, aryl oxy,

‘arsy, al kpneyp ol Ak YdtRdhYproddss lofGing adfSclaig@C 2K wheretn the catalyst
nonoval ent to Cl12 'hydrocarbon radi cal independent]|y

sel ect esdsiﬁnnmmweg 088 9T dems iLstiingeigfs) apprasaeiad, biathp formula
aryl al % al kylaryl and cycloal kyl radicals; nis an
i nt eger )é it to 4, mis anintegerfrom0t04 y

s 3, 4dwkdreid, MWIEGROWD I1h@eim of n and mis less than

y; and each X is a hal ogen.
each R is a monovalent C; to Cp» 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.

37.  The polymerization process of any of claims 1-29, wherein the catalyst
system comprises one or more Lewis acid(s) represented by the formula
M(RO)R X3,y
wherein M is a Group 13 metal;
each RO is a monovalent C; to Czp hydrocarboxy radical independently
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy,
alkylaryloxy radicals;
each R' is a monovalent C; to Cip 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.



42. The pol ynmerization process of any of clainms 1-29,

wherein the catal yst system conprises one or nore
waoewud6meT d(s) represented by the fornul a PCT/US2003/041221

MRC=0Q0) nR n, Xy-(mtn); wherein Mis a Goup 15 netal;

each RC=00 is a nonoval ent C4sto C30 hydrocarbacyl oxy

radi cal independently selected fromthe group

consi sting of an al kacyl oxy, aryl acyl oxy,

aiyl al I’ﬁlle ent 11@41 E:W)@é%é’ bagy)y F1diad £ Swh&emMhE catalyst

IS a nDno hydrocar bon radi’cal
i ndepe @gzl:gahl opmmfshsa ohedr firoverLeves apidisp rapoessitsd ibygthe fformula

an al k r I al kyl, al kylaryl and cycl oal kyl
r adi cal CRQ‘W@ 3rftﬂ’e*ger fromO to 4, mis an

I nt eger, Ol{e;éqmlstao(}ﬁ) ﬁ,yl_o,lrﬁetgl 4 or 5, wherein the sum

of nand mis less t and each X is a_hal ogen.
WO 2004486 BEFOPCTH# uszmom\@lmzhydrqcmbml rydieal independently
pol yneri

e’ caraget roh SRCERTn tug PRl Sl kg FL® Ellgroup

aci d(s)cohdl ndgnt | % sehigady@skyf, r omryladigo:gs, Ouprylalkylacyloxy,
consisting of titaniumtetrachloride, titanium

t et r abrabigilatwlacylpan aaflieats; t et rachl oride, tin

br o A FePof POV SF (kP oRi O Brody KRR Tdopendenty

vanadi ug)eble@nrélf thé rekéup @drisﬁ;ﬁng tolfranCzilka)]J; iackd, arylalkyl alkylaryl
trifluoride, benzyltitaniumtrichloride,

di benz;ﬂnﬂl%’dﬁﬁ]@ﬁﬂ @diealsori de, benzyl zi rconi um
trichl or %gmng%r J}ﬁbltébr coni um di brom de,
rc

rrethyltl ani u 'oride, dinethyltitanium

di f 1 uor gea itk g oy @ taB, oitehdin Hieckm plveanyd manfrdininto 3; and
trichloride nﬁ’ﬁ’FOX titaniumtrichloride,

n- but o@?h?%‘ﬁ @&*Pchl oride, di (isopropoxy)titani um

di chl oride, phenoxytitaniumtribrom de,

phenyl met hoxyzi rconiumtrifluoride, mnethy

meathox yTlet polymeridatical proceks, of anst ﬁytlammﬁt ﬁ@)?ywhﬁrreln the catalyst

di chl or] deem Qoer% ées one pc{rolggréyve%g%& r(n) eﬁljgge%'ié(fjﬁy the formula
MXy;
wherein M is a Group 15 metal;
each X is a halogen; and

yis3,4or5.

40.  The polymerization process of any of claims 1-29, wherein the catalyst
system comprises one or more Lewis acid(s) represented by the formula
MR Xy,
wherein M is a Group 15 metal;
each R is a monovalent C; to Ci, hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 0 to 4;
yis 3, 4 or 5, wherein n is less than y; and

each X is a halogen.



acetoxytitaniumtrichl oride, benzoyl zirconi um
tribromde, benzoyloxytitaniumtrifluoride,

w0 s@pnepsoyl oxytin trichloride, nethyl acetoxypCT/asions41221

di chl ori de, benzyl benzoyl oxyvanadiiun chl ori de,

vanadi um oxytrichloride, alugighumtrichloride, boron
trifluoride, gallium trichloride, indiumtrifluoride,

et hyl al umi num di chl ori de, methyl al um num dichl ori de,
benzyl al um num di chl ori de, isobutylgalliumdichloride,

di et hyl al ul ni num chl ori de, di nethyl al um num chl ori de,
etdly| al Thw pelymeszsipni mrhtess iof eyny ndt dgilel LaPnuierein the catalyst

e Ol ELP AL YT A 4 Bt

dichIorﬂﬁyg)nﬁ;@{_&}.ert-butylphenoxyaluninun1
di chl ori de, ) net HoxJS/}’ met hyl al um num chl ori de,

2, 6- di -whereind\dtiya pneypoldmeatat.hyl al umi num chl ori de,

I SOpr opox l.ium di ch| ori hengx h-ndi:

f1 uori oe@f’l}{qghéi 88 eﬁfjﬁﬁgf) c(f%f’ glly | %éf‘r%%w%&lgﬁ Hfpendently
benzoy| @xalduiroru Med bRfuPNEdiSistind &TZaY lalkoxgakiyileny, arylalkoxy,
di fl uori de, nethyl acetoxyal um num chl ori de,

i sopr opBkylasyexydiedistlsy i chi ori de, anti nony

hexachl or b icig,ei’sa ,Cg tr?lfl MRWjent ﬁ]); af)| ggf %g(ﬁ-?c F&? %décéafl independently

pent af | G i mony chl ori af [uor i

ar seni Cseldetdd fromi e, groigs Botsisting i aftdnoslikgle aayls enilalkyl, alkylaryl
fluoride tetrachl orjide, tetraphenylantinony chloride,

tri phenndsgyeloatsyy radical or i de,

tetrach .AQny,

di met ho%(%a?ﬁqgﬁggﬁ(%%ﬂpitgnghy, WO 2004/ 067577

PCT/ US2aG8 40 #it&2t froml@tocH;chor onet hoxyar si ne,

chl or odi et hoxyar si ne, . di fl uqronmet hoxyarsi ne,
acet at oY Btd gc‘ﬁ Po9skstT the iym 036@55&5153%5 tRar Y and
t et rachlQncantd fddken, and bisnuth acetate chloride.

44. The polynerization process of any of clainms 1-29,
wherein the catal yst system conprises one or nore

Lot = Bl PSRN IROLLIGFBLESH iyf 0 VDR BR P catas
tribronidesm cehpibadl M stuiivell Tobigraciligs) @pleytmed by nherformula
sesqui chl oride,  diethylal um num chl ori de,
met hyl aM(RCT@ReR effy-orivde, net hyl al uni num
wherein M is a Group 15 metal;
each RC=OO is a monovalent C, to Csp hydrocarbacyloxy radical
independently selected from the group consisting of an alkacyloxy,
arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals;
each R' is a monovalent C; to Cjo hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
7 is an integer from 0 to 4;
m is an integer from 0 to 4;

yis 3, 4 or 5, wherein the sum of » and m is less than y; and

each X is a halogen.



sesqui chl oride, dinmethylalunm num chloride, boron
trifluoride, and titanium tetrachloride. 45. The
w@odogmersizat i on process of any of clains 1-29, P@UTEsm03041221
the catalyst systemconprises a Lewis acid that is
not a conpound represented by;y formula MX3, where Mis
a group 13 netal, X is a halogen. 46. The
\F/)\al ynmerization process of any of the preceding clainms,
rei rdl A2y h&gﬁﬁth tal
haI% Frhteh@)gl‘g z’éllu}ﬂgtpggé’egé %Waﬁgg}? o§§§| czgcﬁ ha de catalyst
ﬁ suI f @ystemacmnqmswom aoinote, Lewisraeitgs), mdxeg@odegmb'rsdﬁcted from
alide, a tertiary alkyl. hal. de, rtiary aral
hal i de thé, sranR icanyistngcpf Gapm wfachBrppos %beomlde
ester, v%n&cﬁﬁ@ @tF'eYchﬁJrﬁél tn@fte!heaﬁhloﬁdé &fifcoAfvh ﬁ:ﬁ@bljﬂb!ﬂlde titanium
et her, , an aryl halide, an alky Iar)g
hal i de toomaie ’arcjalmddlcy ltitamien hdibiadaide @chlmée vanadium "bromide

pol ymer.i.z n pr.ocess af a | ai wher .

t he cattﬂP@QF ’sygflemC@%ﬁ?l s%'gﬁlé?ﬁé or %B 1t§m tfkforide,
initi atc%éﬁg,ltlwﬁﬁﬁendemdhyorﬁgl ect egerfzglmfbbﬁmm gr ougichloride,
consi sting of HCl, H20, net hanol , (CH3) 3CC1,

SGH%C( @Be)rrzm;r;mmnm orddll‘deldeA, tri ﬁ?@thmté@ﬁfnane) tgigloride,
C or |
or oces<hiptRG G quink iR, WERIKR, | Bfkaytvanadium
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I ndependent |y ‘sel ected fromthe grogp consi sting

hy dr ogedi(igtrrenagitanyey ogeithlrigei de P wa@awm. odrlg{é)mlde
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aci d, Jm@ﬁhbrb nakelyitia émhhbndel; blhayl omqabpqmyaranajilum d1chlor1de

trlchoroacetlc acid, tr oroacetic acid,. : :
p- chl or¥EEXYBlaRIvAL d tﬁchog #0b eni)gp%oy {cahlugbet yltrlbrom1de

chlori It REQM @eyoRbaNa Stide, tribgpEey,! methyl
chl ori glgenzgﬁgz)ytt?rg Igrom éllg tri (E:Btgr%l?dgglcg;tlyl cﬁl ori de, ey
trifl uoaaemgmphnm ordldéorldr— fienaylo bbwoyﬂozmvwdmm chloride,
nmet hanesul foni c uor onet sul f oni .
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met hanegi¢hfopiay) 1n§1ﬂhﬂrifﬂ1@r1d@&‘fﬂb,ﬂ:ﬂﬁﬁﬁﬁﬁﬂ dichlopidenindhylaluminum
trlchloronethanesulfonyl chl ori de,

tri f | uodighletifle:n clanzylohipringmy o(illp]@{l@l’ld% isobutylgallium dichloride,

diethylaluminum chloride, dimethylaluminum chloride, ethylaluminum

sesquichloride, methylaluminum sesquichloride , trimethylaluminum,
triethylaluminum,  methoxyaluminum  dichloride, ethoxyaluminum
dichloride,  2,6-di-tert-butylphenoxyaluminum  dichloride, —methoxy
methylaluminum chloride, 2,6-di-tert-butylphenoxy —methylaluminum
chloride, isopropoxygallium dichloride, phenoxy methylindium fluoride,
acetoxyaluminum  dichloride, benzoyloxyaluminum dibromide,
benzoyloxygallium difluoride, methyl acetoxyaluminum chloride,
isopropoyloxyindium trichloride, antimony hexachloride, antimony
hexafluoride, arsenic pentafluoride, antimony chloride pentafluoride,
arsenic trifluoride, bismuth trichloride arsenic fluoride tetrachloride,
tetraphenylantimony chloride, triphenylantimony dichloride,

tetrachloromethoxyantimony, dimethoxytrichloroantimony,



t ol uenesul fonyl chl oride, nethanol, ethanol, propanol,

2-propanol, 2- nethyl propan-2-ol, cycl ohexanol, benzyl
wW@bk@ealeis77 phenol , 2- net hyl phenol , 2, 6- di net hyP@hesmio3/o41221

p- chl or ophenol , p-fluorophenol, 2,3,4,5,6-

pent af | uor ophenol, and 2- hydngxynapht hal ene. 49. The

pol yneri zati on process of any of clains 1-45, wherein

the catalyst system conprises one or nore
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2-chl ora(‘ff’éten‘%jl r@ep pent anet hyl hept ane;

2-brono- 2, 4, 4, 6, 6- pent anet hyl hept ane; 1 - chl or o-

-nethylethylbenzene | - chl or oadamant a

L -4h| or Bt pcyllymﬁzréw@ Process. i A 10/c ARG -2 rBiyEie €y pytalyst
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2- benzogk ognoug éomhstmg nest rawxmnmam@chmcmc edlomynum tribromide,

2- et hyl ane; 2- benzo | oxy- 2- net yI r.opane;

2- acet o5y zummure 6- ogilst hy | HERY éqgnmfm sesquichloride,
2- benzo 6z eiicHioABE A¥Hhylal
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1- benz osehqmylﬁbh&é ldenekyleluminum chlorlde boron trifluoride, and titanium
1,4-bis(1 % xy | - met hyl et hyl ) benzene;

5-tert- @Hﬁa}oﬁ‘% bi s(1-acet oxy- 1-methylethyl)

benzene; 2-nethoxy-2, 4, 4-trinet hyl pent ane;

2-i sopropoxy- 2,4, 4-trinethyl pentane;

2- 4t hoXhe poly({tdm}zhlmmp@nas Qf amingg/ Elexys 2-29, wherein the catalyst
met hyl p

2-i sopr rgfg% colélpgsezs %?_ngbse Hflgr@ﬁﬁ)sl ﬁ(gtn% gé@&glc}é(ncp ?é%)trgseﬁfed by
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2004/ 067577 PCT/ US2003/ 041221 120 net hyl et hyI)

STE e Sl RO i o
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precedlng claims, wherein the cataly st
conpri sed &X}(A}@aa,@p%/h:@,l&gr aisAdenif le]é]n ap 3 coggly T;ﬁ)@nol a polymeric

%Llr/gfgh@ﬁcg o QRrREG GRS hlide2 AYerf byl RAKPIIRGAE! Grtfk RhIFG! ester,
a tertiary aralkyl ester, a tertiary alkyl ether, a tertiary aralkyl ether, an

alkyl halide, an aryl halide, an alkylaryl halide or an arylalkylacid halide.

47.  The polymerization process of any of claims 1-45, wherein the catalyst
system comprises one or more initiator(s) independently selected from the
group consisting of HCl, H,O, methanol, (CH3);CCl, CsHsC(CHs3)Cl, (2-
Chloro-2,4,4-trimethylpentane) and 2-chloro-2-methylpropane.

48.  The polymerization process of any of claims 1-45, wherein the catalyst
system comprises one or more initiator(s) independently selected from the
group consisting of hydrogen chloride, hydrogen bromide, hydrogen

jodide, acetic acid, propanoic acid, butanoic acid; cinnamic acid, benzoic



one or nore initiator(s) conprise greater than 30 ppm

wat er (based upon weight). 52. The pol ynerization
wee@soes7Df any of the preceding clains, wher ePOT/UB®03/041221

one or nore nononer(s) is independently selected from

the group consisting of ol efiins, al pha-ol efins,

di substituted ol efins, isoolefins, conjugated dienes,

non- conj ugat ed di enes, styrenics, substituted

styrenigsd, 1adMorshddyic QEfer ichfodoacttie RAHYMichioaddcotic acid,
process of any of the precedi ng cl ai s, wherein the

one or triflneroaeetisnaeids p-ahdorpbrnapienaeids pyllunsphengelg agidnpcetyl

oo ST A LY e g

st yr enesroghids, ny! beibklerrcetglich®eide 0 pe nydifheorasreylchloride, p-
i sobutyl ene, 2-nethyl-I-butene, 3-nethyl-I|-but erLe, )
2- met hyﬂuozolg@ﬁpjélﬁ}élpn &0 rgmeé@esulﬁmcad@%%e,tnﬂuoromet anesulfonic

2, 3-di byl - s ' - pi hgne, I : :
6. o i gy - e P | 528 | opapiciesulfonic  acid,
met hyl mythbhopefomdi ene, chiopdey| ene, methddaylfongilnyl  bromide,
ether, ethyl vinyl ether, and isoputyl vinyl ether. .

54. Th etrlﬁbflowﬁ?tﬂmv@wb i, o %9{9%%@%%@?&@&9%@ p-
cl ai s, i h # ' -
o M Gt RO SKBOE EREIE Rl
wei ght methylpeomme2-of, cydolexanolobarzybalcolsd, plithel, 2-methylphenol,
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pol ymeri zati on ‘process of any of the preceding clains,
wherein the polynerization tenperature is from-30C

=70 ...The. pol ' i f
L?ﬁé%;dicﬁlées Z?P]a/-#}?gmg‘\?%%glg)%%szs? { e@n@pgﬁ[ )81%1:11?3'3 %%Sf gﬂ%re% thd Catalyst

t enper agyidtedn tSmpriond 0fnioe ididor(H8ndePeadently selected from the
pol yneri zation process of any of the preceding clains

wher ei ngioHR  cpBYiStHAgr i%at%‘@ﬂoﬁxée%ﬂﬂn‘riﬂ@t@dﬁ‘ﬁ&n&i edbiemo-2,4.4-
e A AP R oS 2ty
wher ei n2{chkro-2,4,4,6,6-pentamethylheptane; 2-bromo-2,4,4,6,6-
pentamethylheptane; 1-chloro-1-methylethylbenzene; 1-
chloroadamantane; 1-chloroethylbenzene; 1, 4-bis(1-chloro-1-methylethyl)
benzene; 5-tert-butyl-1,3-bis(1-chloro-1-methylethyl) benzene; 2-acetoxy-
2,4, 4-trimethylpentane; 2-benzoyloxy-2,4,4-trimethylpentane; 2-acetoxy-
2-methylpropane; 2-benzoyloxy-2-methylpropane; 2-acetoxy-2,4,4,6,6-
pentamethylheptane; 2-benzoyl-2,4,4,6,6-pentamethylheptane; 1-acetoxy-
1-methylethylbenzene; 1-aceotxyadamantane; 1-benzoyloxyethylbenzene;
1,4-bis(1-acetoxy-1-methylethyl) benzene; 5-tert-butyl-1,3-bis(1-acetoxy-
1-methylethyl) benzene; 2-methoxy-2,4,4-trimethylpentane; 2-isopropoxy-
2,4, 4-trimethylpentane;  2-methoxy-2-methylpropane;  2-benzyloxy-2-
methylpropane; 2-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-



pol yneri zation mediumis evaporated at pressures from

10 kPa to 100 kPa. 60. The polynerization process of
waey40675the precedi ng clains, wherein the PCT/US2003/041221

pol yneri zation mediumis evaporated at pressures from

30 kPa to 100 kPa. 61. The uggy of a diluent conprising

one or nore hydrofluorocarbon(s) (HFC s) in the

pol ynmeri zati on process of any of the preceding clains.

62. A palyyRiyB OdiiGathedy bhG-BRIVLTBLHZ@LMEOMORY QGRS RYlethyl
of any o% ?Eeygrecedi ng’ cl ai rrs?ﬂy Brhise el ylethyl
benzene, and 1,3,5-tris(1-chloro-1-methylethyl) benzene.

50.  The polymerization process of any of the preceding claims, wherein the

catalyst system comprises a weakly-coordinating anion.

51.  The polymerization process of any of the preceding claims, wherein the
one or more initiator(s) comprise greater than 30 ppm water (based upon

weight).

52.  The polymerization process of any of the preceding claims, wherein the
one or more monomer(s) is independently selected from the group
consisting of olefins, alpha-olefins, disubstituted olefins, isoolefins,
conjugated dienes, non-conjugated dienes, styrenics, substituted styrenics,

and vinyl ethers.

53.  The polymerization process of any of the preceding claims, wherein the
one or more monomer(s) is independently selected from the group
consisting of isobutylene, 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.

54.  The polymerization process of any of the preceding claims, wherein the
one or more monomer(s) comprise at least 80 wt% isobutylene based upon

the total weight of the one or more monomer(s).

55.  The polymerization process of any of the preceding claims, wherein the

polymerization temperature is from 15°C to -100°C.
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56.

57.

58.

59.

60.

61.

62.
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The polymerization process of any of the preceding claims, wherein the

polymerization temperature is from -30°C to -70°C.

The polymerization process of any of the preceding claims, wherein the

polymerization temperature is from -40°C to -60°C.

The polymerization process of any of the preceding claims, wherein the

polymerization medium is evaporated at pressures from 1 kPa to 400 kPa.

The polymerization process of any of the preceding claims, wherein the

polymerization medium is evaporated at pressures from 10 kPa to 100 kPa.

The polymerization process of any of the preceding claims, wherein the

polymerization medium is evaporated at pressures from 30 kPa to 100 kPa.

The use of a diluent comprising one or more hydrofluorocarbon(s) (HFC's)

in the polymerization process of any of the preceding claims.

A polymer produced by the polymerization process of any of the preceding

claims.



