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[0003] Isoolefin polymers are prepared in carbocationic polymerization

processes. Of special importance is butyl rubber which is a copolymer of
isobutylene with a small amount of isoprene. Butyl rubber is made by low
temperature cationic polymerization that generally requires that the isobutylene
have a purity of >99.5 wt% and the isoprene have a purity of >98.0 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 AlCl; and BF;. Examples of initiators include

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

methyl chloride.

[0006] However,‘ there are a number of problems associated with the
polymerization in methyl chloride, for example, the tendency of the polymer
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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pol ynerization process conprising the steps in
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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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trifluoride is not a preferred commercial catalyst for butyl polymers for a variety

of reasons.

[0010] U.S. Patent No. 2,644,809 teaches, inter alia, a polymerization
process comprising the steps in combination of mixing together a major
proportion of a monoolefin having 4 to 8, inclusive, carbon atoms per molecule,
with a minor proportion of a multiolefin having from 4 to 14, inclusive, carbon
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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desirable. Such new polymerization systems would reduce particle agglomeration
and reactor fouling without having to compromise process parameters, conditions,
or components and/or without sacrificing productivity/throughput and/or the

ability to produce high molecular weight polymers.

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

particularly as compared to hydrocarbons and chlorinated hydrocarbons.
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[0018] In one embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s), one or more

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

[0019] In another embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s) and a diluent
comprising one or more hydrofluorocarbon(s) (HFC); wherein the one or more

Lewis acid(s) is not a compound represented by formula MXs, where M is a group
13 metal and X is a halogen.



[0019] In another enbodi ment, the invention provides a
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conmpound represented by fornula MX3, where Mis a
group 13 netal and X is a hal ogen. WO 2004/ 058828
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[qgﬁé%tFigyre 1l is a graph of the relationship between
i t'FPEYEERst ant  and tenperature. [0022] Figure 2
is a drawi ng of diluent nmass uptake as a function of
vol une fraction of hydrofluorocarbon in methyl
chPBAWENGB0023] Figure 3 is a plot of peak nol ecul ar
wei ght (Mp) versus nononmer conversion of certain
i nventive polynmers as described herein. DETAILED
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are equivalent to those that are recited. [0025] For

pur poses of this invention and the clains thereto the
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DETAILED DESCRIPTION

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

limitations that are equivalent to those that are recited.

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

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

react with the catalyst system components, monomers, etc. to any appreciable
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[0034] When a polymer is referred to as comprising a monomer, the
monomer is present in the polymer in the polymerized form of the monomer or in
the derivative form the monomer. Likewise, when catalyst components are
described as comprising neutral stable forms of the components, it is well

understood by one skilled in the art, that the ionic form of the component is the

form that reacts with the monomers to produce polymers.

[0035] Isoolefin refers to any olefin monomer having two substitutions on
the same carbon.

[0036] Multiolefin refers to any monomer having two double bonds.
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[0042] In another embodiment, the hydrofluorocarbons are used in a
tubular reactor to obtain reduced polymer accumulation on the heat transfer tubes

and/or reduce polymer accumulation on the impeller and thus obtain longer run
life.

[0043] In another embodiment, the hydrofluorocarbons are used in a
tubular reactor at higher temperatures to produce polymers at much greater run
lengths (such as greater than 15 hours, preferably greater than 20 hours, preferably

greater than 30 hours, more preferably greater than 48 hours than possible with
other halogenated hydrocarbons.

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

autorefrigerated boiling-pool reactor where heat is removed by evaporation of the
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c[00a7] de.  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.

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

of isoolefinic homopolymers and copolymers, especially the polymerization
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lower, preferably -80°C or lower, preferably -90°C or lower, preferably -100°C or

lower, preferably from 0°C to the freezing point of the polymerization medium

such as the diluent and monomer mixture.

Monomers and Polymers

[0051] Monomers which may be polymerized by this system include any

hydrocarbon monomer that is polymerizable using this invention. Preferred

monomers include one or more of olefins, alpha-olefins, disubstituted olefins,
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a a as yners of isobutylene.

[ og%ljﬁ’]?@’%%{a eng 9 @’% IB?eef%?‘Tq‘g‘ggﬁ% DTl maBemERcdmbsetions
tinaludarlg isabatylari aall pata R NTES AL DS iR rihed in
Cat,ioni ¢ Pol ymer i zatil)on of A etz%‘li ns, ?IA %“Oe’%?llgc%r{a ﬂoﬁrene, as
| LAY Bgorolaers Af eebwizlepe. Wi ey | nterscience, New

York 1975. Mbnoners include any nononer that is
cationically polynerizable, such as those nononers

ti832]ar e capdditienally, spedfértddzi MOnemeRt 11AMUEE those that are
paﬁ&?ﬁ%’lh’i g{g cent 0 begause t he nononer contains an
el"ectro WQFW?S’ GRotperibet inCaidard Pelmarigetins pbOlaghs, A
Q@i DrvebA), YFosSotP 1eaREdS e QiR iRk POl VIR Zat | o
\o}\fd A efins %l Cri ;[ﬁ)l cal | ny\g/’entlo%;,ﬁ?}gglgg%e’ Kgﬁweé&d{ 1y7s.
’ p@gmqrmrgg;hgigia@ﬁ@@qnomthm ik cadt®rifeally 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, A4 Critical

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

[0053] The monomers may be present in the polymerization medium in an
amount ranging from 75 wt% to 0.01 wt% in one embodiment, alternatively 60
wt% to 0.1 wt%, alternatively from 40 wt% to 0.2 wit%e, alternatively 30 to 0.5

wit%, alternatively 20wt% to 0.8 wit%, alternatively and from 15 wt% to 1 wi% in
another embodiment.



[ 0053] The nonomers nay be present in the
pol yneri zati on nmediumin an anount ranging from 75
wWowesnssses 01 w % i n one enbodi nent, alternati vBCHUSD03/040903
w%to 0.1 wt% alternatively from40 wt%to 0.2 wm %
alternatively 30 to 0.5 w %salternatively 20m % to
0.8 wt% alternatively and from15 wt%to 1 wt% in
anot her enbodi ment. WD 2004/ 058828 PCT/ US2003/ 040903
15004054] P j s of
ol the memoree folpfiekREaL BB B LY BElR shepomers

any of the nononers “liste
oflistednrisp shis nection.n cExahepleolof i lobogtolyreae, include polyisobutylene,

D B BB S S P e xlstyrenc,
p@'Owymléfh‘éfWIll&ltda%blynﬂé%ﬂ@iwbékﬁé'hg%l(l))f‘eftlﬁg(/i}lylegl% 55]
pol yrrer s of ¥)

Preferred pol ynmers al'so i'ncl ude c

i sobutyl ene and an al kyl styrene; and 2) isobutyl ene

a {<30pren In_one enbodi nent buty| . polyners
a?gﬂﬂp epar e T f%lgg(g gcg:iﬂnﬁbs S0 nglude conolymers Q;{, ]e) isplydylene and
e blkyéstyrand; agd ) isbeaglend dnd Boffeénd. 0 C6 i sool efin

nonomer conponent such as isobutene with (2) a

mul ti ol efin, or conjugated di ene nononmer conponent.

Thepsepool ef rh j.5 | : fraom 70 to 99.5 w% by |
o560t °t LR b b Rub Rl Biirs s Ricpie by Yeacting 2
enbodnereet mixBire tthe BfxthreMaBhrignatanst N8 €AY 88K fin mbAomer
yet anotperhenbo |nent,%he isoolefinis in the range

of PYBOREGt gy @Sv\i"g&“e%@l‘f édh myHtadefingion penjegatgsbdient mpnomer

0B&mpoHrRai 'F%éqfsoéléﬁIPfSQE %Qﬁnée%%rg 90%& ?j?@ gﬁ% by Qﬁ,‘xg%g{)f the total

from30 to 0.5 wt%in onee I men
OconRemGTMixano itheme enbelinmen 85 td A9 Yeitanoidter embodiment.

ipent. from8 to Q.5 wt%of th
st B et sihpBitnb e it o t " 68 SPdogPet mio. The.
Teonjbateandieds. coffipbferefin | HOMUHENEmedt AESBYhT if e UbEBSomer

3 :neth¥l- | -butene, 2-nethyl-2-but
ATEPRRyfrom. 3o i Oe Wi%bhia one embbdifient, may foemal b 06 Gi% in

CHY Lene gu I.soprene, butadiene
COBGARR SRS B0 B SRR AT 5 weo.of e
déameqrtopter frnixtuea & cdmfugatkdediene. CYRE 0ReRAdLGIGIAREY be one or
plger .gﬂgf Cgf e idlnent of the butyl rubber
pd! Wférls tqng 1‘“}?33 it riaienes 3 westhy e butpye, Remethy e b8Bne,and
M thyt1%pepherieS TRE LK ' %ol 3 YRS ORI S
or by })rﬂé a% 2 r;lg gac ot g@@%ﬂ%&b%% é4 to%m conJugate(P glene such as
1soprene, butadiene, 2,3-dimethyl-1,3-butadiene, B-pinene, myrcene, 6,6-
dimethyl-fulvene, hexadiene, cyclopentadiene and piperylene. One embodiment
of the butyl rubber polymer of the invention is obtained by reacting 85 to 99.5
wt% of isobutylene with 15 to 0.5 wi% isoprene, or by reacting 95 to 99.5 wt%
isobutylene with 5.0 wt% to 0.5 wt% isoprene in yet another embodiment. The
following table illustrates how the above-referenced wt % would be expressed as

mol%.



[ ne with 5.0 w%to 0.5 wt%isoprene in yet

gﬁgtbﬁtezll :rrbodi ment. The following table illustrates 10003
whowsnsss2@bove-ref erenced wt % woul d be expr esB?ﬂUsmos/o

nmol % WO 2004/ 058828 PCT/ US2003/ 040903 16 W % | C4a3

nl %1C4 W %I1C5b Mol %1Ch¢ 70 73.9 .5 .4 85 87.

54.2 92 93.386.7 95095915 12.7 99.5 99.6 30

26.1 a. IC4 - isobutylene b. 1C5 - isoprene [0057]

This invention further relates to terpolyners and
tret-rapolyners ronnrisinq any conbi nation of the

oni psted 4T ef e e b PO and
tr mﬁflvmrrer‘s ud’e poI \ rreivg }(]:lo ris Eﬁ?'séblﬁ Y1 ¢ne,
[ sopr'emel and d| VI benzene, pog yner s[ conprisimg

preferably -parame{hyl

[
iLlsobut yl ene, |Par a-al’kyl styrene (

3 and [i sopr ynmers conprisimng

}tz{gggitadie P ?ﬁgbu ene, and paraalky?éktyrewe
ef bl ar ame Tyreney, pUly#EfS of

iggbuﬁg eng Eyclo adlewe andglsoprene, p6l7ynmer s

conpri sl ng CYycClI opg%t%a;di ene, mﬁusgmy. “e’k)u?;ﬂdﬁm”
Cycl op%ntadiene mer s| conprissi ng ijsobutiygene,
Jgra 6ny|styrene and—cycjopentagi-eres—Lew s_acid
OOSg? refeﬁpéﬂ enbpdi merB0 the lew s xci d (al so
referred—to as the—eo—intti-ater—or catal yst) nravlse
any Lewis acid based on netals from Goup 4, 5, ,
12 KHd igébwflenche Periodic Table of the Elenments,
inc boron, alum num gallium |nd|un1 titani um
2 itﬁlla 8§ n, vanadi um arsenic, antinony, and

bi snuth. One skilled in the art will recognize that
sone elenents are better suited
[0057] This invention further relates to terpolymers and tetrapolymers

comprising any combination of the monomers listed above. Preferred terpolymers
and tetrapolymers include polymers comprising isobutylene, isoprene and
divinylbenzene, polymers comprising isobutylene, para-alkylstyrene (preferably
paramethyl styrene) and isoprene, polymers comprising cyclopentadiene,
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

[0058] In a preferred embodiment the Lewis acid (also referred to as the
co-initiator or catalyst) may be any Lewis acid based on metals from Group 4, 5,
13, 14 and 15 of the Periodic Table of the Elements, including boron, aluminum,
gallium, indium, titanium, zirconium, tin, vanadium, arsenic, antimony, and
bismuth. One skilled in the art will recognize that some elements are better suited
in the practice of the invention. In one embodiment, the metals are aluminum,

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



in the practice of the invention. In one enbodi nent,

the netals are alum num boron and titanium wth
wa@baonioseses bei ng desirable. 1l lustrative exanplBGI/US2003/040903

i ncl ude WO 2004/ 058828 PCT/ US2003/ 040903 17 Al1C13,

(al kyl)A1C12, (C2H5)2Al1C1 and7(C2H5) 3Al 2C13, BF3,

SnCl4, TiCl4. In a particularly preferred enbodi nent,

BF3 is not the chosen Lewis acid. [0059] The G oup 4,

5 AT, 1AIyDWiISl, 2¢t 545,/ ave hBqcgENeABLL BIUISAAM4EiCT, In a

wherein Mis Goup 4.5, or 14 metal; and X is a

h apagaearlyrrietsaad emblogingalt d¥fisdsinotithe phaskie Lgwisasid.

consi sting of fluorine, chlorine, bromne, and iodine,

preferably chlorine. X may al so be a psuedohal ogen.
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thereto pseudohal ogen is defined to be an azide, an
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al'8g dhereteppscudpbalogsnelst %@e@ftoh@ 8gexfide, an isocyanate, a
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A ! . i .
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monoval ent hydrocarbon'radi cal selected fromthe group
c dftaniym; brgmide @ichlayideClitanairkydibromidd dichioyidel karladium bromide
al k : l.aal kyl radicals; and n is an integer
frtglrxri%ﬂg{l?% aﬁ@g&%lxgmggﬁrﬁ%odl | ndependent |y sel ect ed
fromthe group consisting of fluorine, chlorine,

rom ne, and_ iodine, preferably chlorine. X may al so

b
bed0860]psuedSHaPB g . ando}b4 LRwispasidsoassEildn thigiigvéntion may also
i i g5 t . hal LS. :

HSEU SRR, OSAL LSRN, O i
amk is smbhowatena hpdrecarboraradicahsediete dTivem tths grolipicyhsdtinglof C; to

refer o a, radi cal containi bot h aliphatic and

ar@ﬁé_?‘fy - &y mdlaﬁ%!L alkylas) 3pd %&?IO%%@%@PSMH%"@ an integer

PGSdrh 008-4; T8 a hEloBEn HYdREN Ty sdiEH&T BrofPthR 'frrﬁgﬂ Hsisting of

cont ai ni gtg bot h al I'phatic and "aromatic structures,

t Hiuoriaglj eldpriigeibygmirte, and doginepprsfaratdpn. chidoinel Mrintdynglso be a

e@%ﬂ&ioﬁgloggn.t hlggre the purposes of this invention and the claims thereto
pseudohalogen is defined to be an azide, an isocyanate, a thiocyanate, an
isothiocyanate or a cyanide. The term "arylalkyl" refers to a radical containing
both aliphatic and aromatic structures, the radical being at an alkyl position. The
term "alkylaryl" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an aryl position. Non-limiting examples of these
Lewis acids include benzyltitanium trichloride, dibenzyltitanium dichloride,
benzylzirconium trichloride, dibenzylzirconium dibromide, methyltitanium

trichloride, ~ dimethyltitanium  difluoride, dimethyltin  dichloride  and

phenylvanadium trichloride.



Lewi s acids include benzyltitaniumtrichloride,
di benzyl titani um di chl oride, benzyl zirconium

wao eooglosssed de, di benzyl zi rconi um di br om de, PCT/US2003/040903
methyltitanium trichloride, dinmethyltitanium
di fl uoride, dinethyltin dichljgride and phenylvanadi um
trichloride. WO 2004/ 058828 PCT/ US2003/ 040903 18
[0061] Goup 4, 5 and 14 Lewi s acids useful in this
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For the purposes of this
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Ogﬂ%l o(rzlTh []ﬁyf re@%‘a?ﬁpﬁ é&dlcfﬂ cph@aeng,bm}salamads and
| anGrhaxgle sffﬁétﬁl@,( mt n- but.oxytjtanium
trichloride, djl/ |esc§){)aﬁé§g]ol§<{l/l§§%k ani u Odﬁ cRPYHPRye, Non-limiting
(srrampleyt iof aﬂleaﬁm Lewifs braoidis dmchpjeer}yétm &h! GO Re, -

’ h hl d
ttﬁﬁc{])éy#%i@ﬁ trj a/edl Cgﬁ{sqﬂ%))( &%grlnggn ngelhlcz)rldgr Iphgnoxy“utamum
|t8hpﬂﬂdﬂ)xypfﬁﬂﬂﬂieﬂf&<yﬁk&ﬁhﬁﬁ' A6 ubARE 2]y nglu pg}egg)xy? tanium

]dh&' s acjids useful in this invenfion
ichloride, methyl methoxytin dichloride and benzyl isopropoxyvanadium

dichloride.

[0062] Group 4, 5 and 14 Lewis acids useful in this invention may also
have the general formula M(RC=OO)nR'mX4-(m+,,); wherein M is Group 4, 5, or 14
metal; wherein RC=00 is a monovalent hjfdrocarbacyl radical selected from the
group consisting of C; to Cs alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals; R’ is a monovalent hydrocarbon radical selected from
the group consisting of C; to Ci2 alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl
radicals as defined above; 1 is an integer from 0 to 4 and m is an integer from 0 to
4 such that the sum of » and m is not more than 4; X is a halogen independently

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



have the general formula MRC=00 nR mX4-(mtn); wherein
Mis Goup 4, 5 or 14 netal; wherein RCOOis a
worewesisest hydr ocar bacyl radical sel ected froPeT/082003/040903
group consisting of C2 to C30 al kacyl oxy, aryl acyl oxy,
aryl al kyl acyl oxy, alkylaryl agyl oxy radicals; R is a
nmonoval ent hydrocarbon radical selected from the
group consisting of C1 to Cl12 alkyl, aryl, arylal kyl,
alpeyfetdtyy cRIBENEYX AR KMb bel 2] defj ned above: .
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position. Non-limting exanples of these Lew s acids
i nclude acetoxytitaniumtrichl oride, benzoyl zirconi um
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[ Lewi s acids useful in this invention
anREndeh @) Bt rE B B eifun Giiiing R Biomian ineybragmine,
aar owfirk, MetRkablVNEsiRt. X 158 RohHn8 ' epdentl ¥
sel ected fromthe group consisting o?ﬁ% ﬁ%a?ﬁﬁ‘g, S hadium
cHOHFHEr A%y oni ne, ~ and i odine, preferably chlorine. A
non-limting exanple is vanadi um oxytrichl oride.

[0064] The Goup 13 Lewis acids useful in this

| 9064k i on habeGtdup Iganavisbeids ossmlin MXBiveiST Riv dib bsneral
afoGr otég[g}ég_ t al d X is a hal ogen | ndependent |y
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cdelgtddNBomb e o zTale B M aTo]! .0r e bly chlorine. X
may al so be _an%sﬁpegohaT% e%f]ﬁlggrrl h('felzl?({)rﬁnrepx)goégm& a‘?‘ﬁilggfn@
preferably chlorine. X may also be a psuedohalogen. For the purposes of this

invention and the claims thereto pseudohalogen is defined to be an azide, an
isocyanate, a thiocyanate, an isothiocyanate or a cyanide. Non-limiting examples

include aluminum trichloride, boron trifluoride, gallium trichloride, and indium

trifluoride.

[0065] Group 13 Lewis acids useful in this invention may also have the
general formula: MR,X;,, wherein M is a Group 13 metal; R is a monovalent
hydrocarbon radical selected from the group consisting of C; to Cy; alkyl, aryl,
arylalkyl, alkylaryl and cycloalkyl radicals; and # is an number from 0 to 3; Xisa
halogen independently selected from the group consisting of fluorine, chlorine,

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



i nvention and the clains thereto pseudohal ogen is

defined to be an azide, an isocyanate, a thiocyanate,
W@eooesisks ocyanate or a cyanide. Non-limting BPXEIRI063040903

include alum numtrichloride, boron trifluoride,

galliumtrichloride, and indigm trifluoride. [0065]

Goup 13 Lewis acids useful in this invention may also

have the general fornula: MR'X3_r, wherein |\/|IS g
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3 such that the sumof h an
psuedohalogen.  For the purposes of this invention and the claims thereto

pseudohalogen is defined to be an azide, an isocyanate, a thiocyanate, an
isothiocyanate or a cyanide. For the purposes of this invention, one skilled in the
art would recognize that the terms alkoxy and aryloxy are structural equivalents to
alkoxides and phenoxides respectively. The term "arylalkoxy" refers to a radical
containing both aliphatic and aromatic structures, the radical being at an alkoxy
position. The term "alkylaryl" refers to a radical containing both aliphatic and
aromatic structures, the radical being at an aryloxy position. Non-limiting
examples of these Lewis acids include methoxyaluminum dichloride,
ethoxyaluminum  dichloride, 2,6-di-tert-butylphenoxyaluminum dichloride,
methoxy methylaluminum chloride, 2,6-di-tert-butylphenoxy methylaluminum

chloride, isopropoxygallium dichloride and phenoxy methylindium fluoride.



3; X is a halogen independently selected fromthe
group consisting of fluorine, <chlorine, bromne, and
w0 owisisss29pr ef erably chlorine. X may al so be a PCT/US2003/040903
psuedohal ogen. For the purposes of this invention and
the clains thereto pseudohalxpgen is defined to be an
azi de, an isocyanate, a thiocyanate, an
i sot hi ocyanate or a cyanide. For the purposes of this
invention, one skilled in the art would recognize
t ﬁb,}he terns al koxy and aryloxy are structura
eddP@4I ent s $rouP dBKioswid @sidanigelphemthis itosntias pagtdlaehave the

T " OXY\ Jhefers to a.radi ca cont ai nj n .
SRR B EAIRRECE) of ok, eat BEL b Pa M
bR GrgD@tis amaddvaleyit hp@dLarbasy! rabhie] seledfed Fdky iy %?gillp selected

containing both aliphatic a

rrefgﬁlél to a radical lg

a ?fl‘ecgrg’tll? gastitiag of (Ghdo Caatlkagylovei, arylacyleny, aryydlkpigcyloxy,
PQSi4 rddi O d-i these Lew cid
e 10 o o R Y crb R, il s e from
ditbhBoup densigirg: of € o Crbullkyl, pRAn ek MY Byl and cycloalkyl
di %i’ﬂ qri d(f Ee hoxé.rret hyl al um num chl ori de,

2 TGS gsefing P@ﬁ“’ﬁh Ao YURRR AL ) dord ndnn is minamibge from 0 to 3
i SOEH BROME ' HGhlon eroxy, net.hylindi u

fl uoride. %28%%%%%5%5%%? %gt%lggi gﬁéﬁ)gﬁogé{n [Dgsggfﬂ@enﬂy
Gselgpied dranewhe gewipdsonsiseinglofi fiudrinies chioviaat biomif@yand! Beine,
h ener formula M RC= R nX3- (mtn) ; )
mﬁ}e[e?%l%ﬂgnﬁlﬁg%“% g S E‘E&i" ﬁ%@aﬁ’@eﬁé P Heetbpppgpoges of this
moneuade ahd hivd cReas R pRg li theazi
group selected fromthe %rgﬂ%ﬁgﬁﬁgfgﬁﬁﬁgmiﬁ&gé %%a%g% an
al905%3pPxya HugevaBgtEox3n isethiogydnpteacyr! axycyanide.  The term
ahk o) i cal s;. iS.a ngval .ent . .
ny af SR HCBRAY ST B kil copfigig et Avietc and aromatic
ceomeitees, nghof radical 0 beihg altkyh, afidbylodf Ybadik¥l.: The term

aLH Har | and, cycloal kyl radicals as defined above; n

i * gy ﬁ‘i%ﬁ@ XY r SHCES {Q a3radifdl roptgining, et rliphasin and ar@natic
S bl tirBathd RAicaHBER] ﬁflanag}g | HIPr o han.3; (X |

a _hal ogen | n.dlepg!r%lgérﬁ1 y lgpggé%yeggét%%}r)h ﬁﬁ%ﬁgy%%examﬁes of
cthess dewiiry aoitds findlude resptogialominmen  divhiorides, beassy1o:84iEinum

p abl,y chl.orine. X .al so be a psuedohal ogen..
Fg@kﬁﬁg?,pﬁ’ue%%@%y%@% figﬁ%ffla?fe‘ﬂ?tg}ﬁlrﬁcﬁﬁ%ﬁlﬁ@lmichbl‘lde, and
t seprepoylpsadiohakioieridé.s defined to be an azide, an

i socyanate, a thiocyanate, an isothiocyanate or a

cyanide. The term "arylal kyl acyl oxy" refers to a
"@OESP!  COMR Bidp ROLENR bBD ALY thd B GE RS MX,, wherein
M is a Group 15 metal and X is a halogen independently selected from the group
consisting of fluorine, chlorine, bromine, and iodine, preferably chlorine and y is
3,4 or 5. X may also be a psuedohalogen. For the purposes of this invention and
the claims thereto pseudohalogen is defined to be an azide, ‘an isocyanate, a
thiocyanate, an isothiocyanate or a cyanide. Non-limiting examples include
antimony hexachloride, antimony hexafluoride, and arsenic pentafluoride. The
Group 15 Lewis acids may also contain more than one type of halogen. Non-

limiting examples include antimony chloride pentafluoride, arsenic trifluoride,

bismuth trichloride and arsenic fluoride tetrachloride.



structures, the radical being at an al kyacyl oxy
position. The term "al kyl aryl acyl oxy" refers to a
w0 20038828 ont ai ni ng both ali phatic and ar onat i BCT/US2003/040903
structures, the radical being at an aryl acyl oxy
position. Non-limting exanplgs of these Lewi s acids
i ncl ude acet oxyal um num di chl ori de, benzoyl oxyal um num
di bronmi de, benzoyl oxygal |i um di fl uori de, nethyl
adeoenyal umaevead qi3l Iodideci [ : Lndi ym
tri cf?liori de. @68]%15%3%3%6@5%%%&2&%? smﬁg\f‘isot faye the
geitfial formrdau MRaXy, whvesiei M isVki Groap G Hupetdls WRiéh R is a

' en i ndependen sel ected fromthe
S?fg%%svb%{%ﬁhl S%I Ny noIfaHPIaﬁéqu?%éf f i '8¢ igFP gsisting of &hdo Crz
| adliydeary aslakylbalkyah Qhl RecloMlyMraliRals3and¥: Psrafrﬁrlnégéepﬁxm 0

al. sq be a psuedohal ogen. For the purposes o
i AQEnY 1Soh 4B such éhag ds fess thaspeXas pdelogoh dldegemdehtly selected

def i n ispcyanate, .a thiogyanate,

anorf 86 bOup BoRiel gl SESHRE Pt ahd iodipmesrably

i whlovide. Xamby aloo e hexaihalbpee, Fanhd pa?gségeyf@ﬁig Wehg&a and
p S

and senic pentafluoride. The G ou ew s aci
nﬁn'v Sleiips dwtta Rscvrshalogrmris dleEined, fre bofarhatidgemn itdopanate, a

| itﬁibé}iaﬁﬁke,eéﬁrﬁ&ﬁ%}a?xﬁ{eugle.aa{vahfgg.géfhg q%% H’%?}ﬂalkyl" refers to a

pent af | uori de, arsenic trifluori

t Fadieal spntdimingnbbth raﬁphm;c ddduavindgc %’t&ﬁdt&@]h,' 1€ irflfical\MRing at an
2 28 [ US2003/ 040903 22 [0069] G oup 15
Lgfv%?’éggsgt?% JEE%F‘“‘&PFI iaﬂ<Y113H‘V13 PF?%M@ sligphgortpininghbath alipbatic
gene raedmatr BithoPurdRRY_RAdicdh 8E&EL MM 1 e
netal ; wherein Ris a _ngnovgﬁgn%th%dygpgcégrsggﬁlriﬁnélélimtmg
sEraRley ofr Siese hleevgis oagids oimsiuge i terapifen@antimo®} 2chloride and
a : l.kyl, al kylaryl and cycl oal kyl
ra{?ihc?ﬂ%?txg%n ﬁéﬂlgn(?n integer from0O to 4; yis 3, 4

or 5 such that nis less than y; X is a hal ogen

[ ﬂﬂgﬁendent ly selected fromthe group consisting of

f ne, cHIWPi Relewismasidseusetindn ithidliimeentipn efiayr albd Yiave the
ChdnRerd I be a udohal ogen. r the i

p_%lr poéggnmbufa%l gﬁ?@ ﬁ"\%ﬁ?“r r‘ﬁl %ﬁ%’n R?hsea gilr%‘fﬂ'rlszg Pstleperein RO
ps eutotmialsgthy drecaledxyneadichiosehe ted Trd igrodp consisting of C; to
[ OCX%n}%te a t hi oé anat e n |soth|.oglyanat.e or §

oy 2ni 8% THE PRy ft¥latkorw plkylarylexe rradicalsa R'r idiac adonovalent

flggd??gfudggagigmg%e@égh&hgyﬁ%égg%ﬁ ?dglgfs{iﬁ%gﬂdéfttﬂ] S i Sy,
--agyl@&}qyg.ra},l{ylary]eqr@r eyclaalley] radticadnbs dafintadiabovig nli9th integer from
& PP 5 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
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



and aromatic structures, the radical being at an aryl
position. Non-limting exanples of these Lewis acids

w0 pisks2¢ et r aphenyl anti nony chl ori de and PCT/US2003/040903
triphenyl anti nony di chloride. [0070] Goup 15 Lew s
acids useful in this inventigg may al so have the
general formula M RO fR nXy-(mtn); wherein Mis a
Group 15 netal, wherein RO is a nonoval ent

hystamphsboxy Had calewsg! d th -
consi gti ng of ClL to ° Csoedglkgoxilr{cma@reyl %;[(rg‘,ghqgﬁr%ﬁegf%&%mony’

al WpPReyYHSYloraaiimans  dielotosmethaxyasing) eflbrodityehOGAFRRN and
r agh I fromthe group consisting of Cl to
C%gﬂg(ﬁhm%&mgﬁ;ﬁge' aryl al kyl, al kylaryl and cycl oal kyl

radi cal s as defined above; nis an integer from 0O to

4@]ﬁmis an integer fromO to 4 andy is 3, 4 or 5
st W hat t K&owRd» dievis agids upefikin tisinvhstionyma alss Have the

h N i e A lected fromihe group
o iR MR OB R oy nebeTEio i e, traup 15 metal;

| odiersén RCeD@riabd ynanb slehtnBydrdcdiBity®x§ OralRal selected from the
psuedohal ogen. For the&r poses of "this iInvention and’
t

RO SPRESHIge ot 62 s derdoRbpexjexy.i erviaslylaxgd arplabieylagloxy,
agi i { ey ' ate, a .
O RO AR EPRIRIR, R 1 BB o hopagicabelpqieds from
i hgegrohp wongstimgsii €1 @ACisnalkyle arydyr dryleii Calk 689 3hd @ycloalkyl
tﬁ%cai hae 4e§£n%agl kpxi/ﬁ and ary| oxy are structur al _
equl val Bt ST Oa0RFKH S eBtegridromdhiod andgn isapistagey by, 0 to
Thent grin3, ar A B8-S ical.,..contai ni

endl 6113, ar o AbkePitat thelshy oftﬁ)alg’(% AR E8 tll}%n Iyagalé A gaqogen

both aliphatic and aronatic str ures, 't
bExdRREndentih seedtesk fromptbs igrdumcorBiseng @f Mideh Ydhasritle! bromine,

S | t ajni th aliphatic and
AU AR SRR Kl drny pabolpegh-ofor the

pREposesof thio inventibd by tHAQI2AR4HAS dohalogen i
PCT/ US2003/ 040903 23 exanpl es of these e s Sishiped to be

i Htfzlte AEPNER B HHEeGYaRIeMN isothyocyanate or a cyanide. The term

g bR oh t ichl oro hoxyar.si ne, .

ol AR, bR bl MRt e 0. eromaic

[Yoptlesy thep 1bBichlevibengic hdsms@m(récyildkyt hicsitioRY €Nt FIRN term

:T\Is )Egve,t e eneral fornula ) _

R/?ﬁ‘éﬁ:a&};%“ P xyelers 1,8 rpdicgh, gprdpining bethaaliphetip a0 aromatic

neetudtures, Meahdicdl HEpEPa V, drocar bacyl o

adi cal selected fr g’é}a?%reﬁ adg?(g%p@ ggﬁéi g{qnﬁ@ngpg&%%fe% of
eFeal IKa@Wib ox yacidar ylindydeoxy pcatatpteabdlb@antiany,  (benzoato)

tetrachloroantimony, and bismuth acetate chloride.

[0072] Particularly preferred Lewis acids may be any of those useful in
cationic polymerization of isobutylene copolymers including: aluminum
trichloride, aluminum tribromide, ethylaluminum dichloride, ethylaluminum
sesquichloride,  diethylaluminum chloride, methylaluminum - dichloride,
methylaluminum sesquichloride, dimethylaluminum chloride, boron trifluoride,

titanium tetrachloride, etc. with ethylaluminum dichloride and ethylaluminum
sesquichloride being preferred.



al kyl aryl acyl oxy radicals; R is a nonoval ent
hydr ocarbon radi cal selected from the group
w@oemgisisesig of CL to Cl2 al kyl, aryl, aryl al kyPCT/US2003/040903
al kyl aryl and cycl oal kyl radicals as defined above; n
is an integer fromO to 4 angg4mis an integer fromO
to 4 and y is 3, 4 or 5 such that the sumof n and m
is less than y; X is a halogen independently selected

f r[00T3he gr dugvis QBRI Sutl g er‘?can E!MAQ
br om ne and |lod| ne, pr e? qé&ﬁegg 1%/1%1?1 ori G )ﬂ%%ﬂ g?egg-lcauy
b eggg@%@@g | @cg@d,matmg Lﬂtwﬁ apdy pwdeasd dfh(ClgFgl);,S are also suitable
, er et.o pseudohal ogen is

MESAL %&@s @gﬂm e te he Triye 0anat e,

defi ne an a2| a thiocyanat e,
an i sothiocyanate or a cyanl de. The term

3 al kyl acyl oxy" refers to a radical containing both
aiwéﬁﬁilc and aromatic structures, the radical being

at an al kyacyl oxy position. The term
"al kyl aryl acyl oxy" refers to a radical containing both

all0Qy4ht i ¢ aduitiatossratdfal irs thisl GhvshEsn 4 Qh(;s@dl'nftﬁ]ltorp %lflﬂgh are

ata | oxy position, Non-limting exanple \
EIGL%%/J’ GP’EI‘QI‘?X i @suiiehle silaenstwithc Fieorhoaet Lawmyacld to

t twaeh! t
ey G A T L o
rrﬁSPPB%atmgyp®Ymtlhd&m uﬁblﬁmdtlwera:lxa%pleb Qﬁttl\lﬁdeOdeﬁBf%H 'aéﬂts ls0¢h as
{ S .1 nclhudln al um num
tr Izdc??lﬁ_gdrjlll’ %869}&‘9 ;ﬁlﬁlyﬁfnrfll% BF G akkyl gﬂrﬁ%)alauw niwdides, such as
d{chhercie CaHELOIROT num (5. itﬁ&#b%hzl @[tllu%g%;?flé)ﬁptgp?)d More

d| et hyl al um num chl ori de, al trfi num

ERIYal idasHinR @@é@ju p@.mplomsd eiuchil ave nkeyh ] Rlceids N Bimd other such
titaniumtetrachl ori de,

d
Z?"é%bgqha"b&ﬁ%?t R PR ot i man et muaeiind with

swsa;my ccbbldmadlﬁg Heswig apidebe ety ali@
5%003/ 040903, 24 [0073] Lew s Sé@? é&gﬁéﬁ‘g‘md to initiate
m PURSEedAtiopvAO)  and specifically designed
vveakl y coordinating Lewi s acids such as B(C6F5)3 are
al so suitable Lewis acids within the context of the
i 9023k i on. Ilnn iohé aetmbodnﬁlaﬁ]ét]le | vehdtdatagl Sthgss‘,cftélk,stl sttt

hose |at rs which are capabl
b%?é%gﬁ el W'f“ﬁr t%“é‘B? fige ofi avpter\ip ﬂhﬁmddeasdhissthwn 30

Lisinh Ebased @deQZOtal weight of the catalyst system), preferably less than 20 ppm,
preferably less than 10 ppm, preferably less than 5 ppm, preferably less than 1
ppm. However, when water is selected as an initiator, it is added to the catalyst
system to be present at greater than 30 ppm, preferably greater than 40 ppm, and

even more preferably greater than 50 ppm (based upon total weight of the catalyst

system).

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



yield a conplex which rapidly reacts with the olefin
thereby form ng a propagating polyner chain.

WO bdoussssat | ve exanpl es include Bronsted aci ds BCIYOSZS3/040903
H20, HC1l, RCOOH (wherein R is an al kyl group), alKkyl
hal i des, such as (CH3)3CCl, &£6H5C(CH3)2C1 and
(2-Chloro-2,4,4-trinethyl pentane). Mire recently,
transition netal conplexes, such as netall ocenes and
otfioer7jsuch prefegfol t o3 L.pgle site .
ca“tual y]st syst em{eﬂ%@g&é&? I\}\%gﬁ gﬁ%@%t glaﬂ%etwdr%%egkwonde’
c dvidmasatbremide enil diydmigels iodideLec\Npmiauﬁadywfbﬁemy@ogﬁﬁmhde
used i8 ‘lﬁ{;éht&r £ i sobutyl ene pol ynerization. [0075]
In”ohe & ogil fit, the reactor and the catal yst system

are substantially free of water. Substantially free

of water is defined as |less than 30 ppm (based upon

t dP918lwei ghtPreferred ecathomaliy eeids viselodyd bpthe ikiptakit yandes®matic

t : bl.y l,ess.than 10 ppm _preferably

| CRbof il Bt RABLBLS B XS el e IR veriapeiolude

wheetionatie; prepamelceatidd bagndlt bl icdtaic ideid, Sbéh%&%d &8, 1-

t he. cat al.%st ystemto be present at greater than %d ’

pTHOACERG peifh dichlorspeiic adidhririgidorspegticaanid, tefleoronwtie acid, p-
. t | .
prcjﬁfoﬁé&ﬁkéﬁc GeRPLAE ﬁ-ﬁ@({}og’e%z?@ {30%3 ?gggléxjdpa?& %rg%?rgfi Sarhogylic

wei ght of the catal'yst sys '

erbidld invhutte ttittdofoatdticatcn, trifpsAcERS adiemdrp-MMBb&zoR acid.
hydr ogen halide, a carboxylic acid, a carboxylic acid
halide, a sulfonic acid, an alcohol, a phenol, a

t gog7oary al ! ; s @t ral lide, a . )
t grt iggr y al %Ikb&glsl% garr%,ld ga{l(ge%t {llsg% %r g*‘{ﬁ”%?? B similar in
t Eiugtazeyto arhpixy e laeids veitht thetsubstitutiorabky Ihalitid €, tha |0 lof the
hal..1dep Jo hal i.de, al Kyl ar alide, or ) )
a?éﬁdamlﬁﬁ%%fl% R RGeS Serkieo San °peEriodideouBh daroddgride
2being refrréd. ePepaatoh Y emeinad #6§ the E%ﬂeﬂ{/ %{rg%ﬂgﬁnﬁg LHOE are

h%gr\gpgen chl oride, hydr ogen brom de a
i 5BPRR In Aheyriey atfijaad |ogpe pkdledrinettie hytdshoglhbé dirnifier with these

hy&icegless. chbabhda: 783): Preferred carboxyl.i c.acgids

i iréclcu.de{(é} bot%[)g)?’?lﬁhé%?cﬂggag aronat ct?usc g}vﬁgh% ilﬁau‘?e acetyl

aclldsde, Exeiyp besnidé, ciadnop \ohlotidaCbéloyiseiolidd, behiy$ bromide,

i pvention incglhud acetic acid, propanoic acid,

b HBiRseaeed i Ghloriden e fheroasPrichlivides o Eugtsmeetyll chloride and p-
fluorobenzoylchloride. Particularly preferred acid halides include acetyl chloride,

acetyl bromide, trichloroacetyl chloride, trifluoroacetyl chloride and p-

fluorobenzoyl chloride.

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

trichloromethanesulfonic acid and p-toluenesulfonic acid.

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

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



chl oroacetic acid, dichloroacetic acid,
trichloroacetic acid, trifluoroacetic acid, p-

w@ hdoansssesizoi ¢ aci d, and p-fluorobenzoi c aci d. PCT/US2003/040903
Particularly preferred carboxylic acids include
trichloroacetic acid, trifluegoacteic acid, and
p-fl uorobenzoic acid. [0079] Carboxylic acid halides
useful in this invention are simlar in structure to
C ar® QX & BeipiRor Whitdhdldie s§jll',l'é§ firh et drPEthl‘id Be ﬂlgleWItR these
the OH of the acid. The halide may ['uori
c Hregedures. bPeaferesd sulrfom@ cacuie halwlers huseﬁel trh Ithois i 1deent1loﬁ| inglude

'82{? tgé(r{e ﬁifongg: Ie%ﬁl Cil M (Hly{l] aglogyﬁ?eo {rlgmc}r&ﬁg%ar e tfonyl

s kdhldrizi, rrmubhmandne&hmlyﬂcm@adeaemdl p-ﬁ)rueﬁe&hfohppaﬁonde
pr ocedures. Car boxylic acid halides useful in

i nvention include acetyl chloride, acetyl br om de,

cirp chl oy| l ot i zoyl om, de
t#rc oroacegkwﬂﬁﬁl ﬁ% xlgﬁgfqﬁggggk 9P§%H83Fﬂgﬂ=eﬂmmﬂ:
t rpr{)}bauor dhpﬂipyholp [2Haethgiprapad-2p0l, fcytioheb@aBE 031dc Bér&Fyi dRohol.
clul arly pref %rred acid halides incl ude acet
hspelg e usefll ety | thisy Javention; dndlvder pheaely 12-withah 2,6

tr t

. hdll{r)llrettﬁgfgﬁ@&ﬁ 0% 'chl%mls);ﬂF ie% 'fi’iggrlogherg}é :?ﬁ gt_ge@ f)gﬁ{ Ld;llll%‘?%hregol, and
i ﬂ-hﬁrexynapmhalenm i nclude both ali phatl c and aromatic
sul fonic acids. Exanples of preferred sulfonic acids

i ncl ude net hanesul fonic acid, trifluoronethanesul fonic
aqoes3] tri chprgrepsetip n

pqtol L]Jenesul fonic acﬁﬁ?yslal%}q hﬁdsaelﬁ?lgﬁ?ggglgfoés flugle fertiary
usemppunds representachbarthe fmmaliaebeécpwn lar in structure to
sulfonic acids with the substitution of a halide for

the OH of the parent acid. The halide may be

fluoride, chloride, bro 'de or i odi de wth the

chloride being preferr¢d. £par at\ on of the sulfonic
acid halides fromthe p rent sulfonlc acids WO
2004/ 058828 PCT/ US2003/{0409 re known in the

prior art and one iTTed i tﬁe t| shoul d be
famliar with these proced res Pregferred sul fonic
acid halides useful in hrjsanventr n incl ude

nmet hanesul fonyl chl ori da, hanesyl f opyl bromi de,
tri choronet hanesul fonyl ‘chlori de,
trifluoromethanesul f onyl chloride and

p'\i}féréﬂ? nesybLfRAYdent %E&fdbﬁiﬁ ﬁil %&Plo |G ¥58ktbke Itlﬂereof

his invention incl noI
preferably a halogen, preferably chloride and R1, R2 and R3 are independently

any linear, cyclic or branched chain alkyls, aryls or arylalkyls, preferably
containing 1 to 15 carbon atoms and more preferably 1 to 8 carbon atoms. n is the
number of initiator sites and is a number greater than or equal to 1, preferably
between 1 to 30, more preferably n is a number from 1 to 6. The arylalkyls may
be substituted or unsubstituted. For the purposes of this invention and any claims
thereto, arylalkyl is defined to mean a compound containing both aromatic and
aliphatic structures. Preferred examples of initiators include 2-chloro-2,4.4-
trimethylpentane ; 2-bromo-2,4,4-trimethylpentane; 2-chloro-2-methylpropane; 2-
bromo-2-methylpropane; 2-chloro-2,4,4,6,6-pentamethylheptane;  2-bromo-



propanol , 2-propanol, 2-nethyl propan-2-ol, _
cycl ohexanol, and benzyl al cohol. Phenols useful in

WO kiog/05882%nt i on i ncl ude phenol; 2-net hyl phenol PCRUS2003/040903
di met hyl phenol ; p-chl orophenol ; p-fluorophenol;
2,3,4,5, 6-pent af | uor ophenol ; and _
2- hydroxynapht hal ene. [0083] Preferred tertiary alkyl
and aral kyl initiators i Incl ng ter%%f\ry corrg)(ouggsn
r fthnkf -mul a bgl R i i
mezgf,g,?%ga%( is ah 12%5%% pseugoﬁyoogene,ﬂ%é?tﬁ%l;b?nzcﬁne’ 1
eshigroadgmantang;xt Urohldrbethglbénzenqr efl or alobiy(1achalooDefthylethyl)
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PSR X b T HHiRh Lo JaneB st haveseey ooy 2,44
. pref. al npn -
ok o, bl o LSRR 2
atRsHRYIDIOPARS; t he2-banreyboxyed-miettiylprapane; s; tes blﬁradetgﬁ}{-a,4é4ﬁ6,6-
I 1, ra et we
| SRl AR her orapdinoy it & shtsalieyepiant: « ol gootony-1-
Thmtl@rlmhﬂlbh)deﬁe;mﬁateo?ﬁa@éiﬂ&ﬁédey!-%@nﬂ)‘yldk%fﬂ?ﬁ)lteg%érfr%,eﬂ4-bis(l-

For t he_ purposes of is invention and any“c

t ﬁ%ﬁf%’fyd}'e%f}t@ﬁ%thklgl bengergsf Srigsttbutl-ideris(a lwnm?ridmethylethyl)
c h&i n C oHgt C. al.i phatic stryc ures. - ]
P?génggedgegghn%Fg}Egp %r’fﬁ’d'i {rﬂr]ll“?‘t’llﬁgvtlg?’n\%q%ncl ude 2 1S0propoxy-2,4,4
2 trghethylpemank; 2-methoxL hydthEpiophge; 2-benzyloxy-2-methylpropane; 2-

- -2, 4. 4-trimet ent ane; .
gmgem%g‘? (f‘b‘lﬁéf Wt%?eé%éh%?ta@i br ono- 2- net Rylseiropeye?,4.4,6,6-

2 .66 AN o o2-0r Qg .
Bty Bt 1 858 ST BPhaEne > PO B

2 1 methexysthythenzemer h#l-bisz(@traﬂhoxy-l-metlllq}ilethyl) Cli)enzente; S-tert-butyl-
. - |- b ;o 1- or oadamant ane;

L R R g S BB e dnd sth -chiBeany nmethyletpyD)

bbeizene Othert suithblb tiithtos SmrbbeSfouhd TR GatbatEOIYASRE Wtkdh i

benzene; 2-acetoxy-2,4,4- trinmethylpen ane .
2he5ein weorpetated. By Zeferanset HYdrpbe trammyses ofi dhis xyertion and the

gagliﬁigt ﬂg&%ﬂgﬁ‘s&ui&gﬂgﬁ g% E?@%&ﬁﬂ 31%??21 ltcg{?%g%gc? that is an azide, an
Disbaianay] a Bjokydnaks, 6n peiianehivg bhepyanes. 1- acet oxy- | -

[0084] 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
chain end tertiary polymer halide initiator provides a method for producing a

product which may contain block copolymers.



nmet hyl et hyl benzene; 1 -aceot xyadamant ane;
1- benzoyl oxyet hyl benzene; 1, 4-bi s(1-

w5828 - met hyl et hyl ) benzene; 5-tert-butyl - BACBURI08F/040903
1-acetoxy-I-nethylethyl) benzene;
2-met hoxy- 2, 4, 4-tri nmet hyl pent,gne ; 2-isopropoxy-2, 4, 4-
trinmet hyl pent ane; 2-net hoxy- 2-net hyl propane;
2- benzyl oxy- 2- net hyl propane; 2-

n0085]Y - 2, 4%{1@)@&@2&6@&%@%&8@{%}?@% p]%ea any of those useful in

2-i sopropoxy-2,4,4,6,6- pentanet

- Fetieig polymerizationy pleisblyutilene eolyrhemsahdiodivgdiarogeanéiloride,
1 .| benzeng:

L SR SR B Rbe ny 1 cPrploroBumgibmpropane,  1-chloronl-
5ntieehlethtlbghzend, adDhdikanbt. Mt hoxy- | - met hyl et hyl)

benzene and 1,3,5-tris(1-chloro-I-nethylethyl)
benzene. O her suitable initiators can be found in US

4,94 jch is_ herein i.ncorporated b .
Pi?@rkince. (':Doa?an?% eswéﬂﬁﬁlpgg%gos ?Or{ShPief‘iﬂn’\?e 13 %Veélﬁagttﬁlélcaﬂy
cleainpsisd () ehoiniesidalhl(@penLewisdabiinesiniigobe #0Ya preferred
conpoynd t hﬁt I s, an _azide, an isocyanate, a
t ﬁ%eam’é, ¢ kpwisasidgoirijiatantsepresenhanypeeralfom] b084).1 moles

r it [ ri ¢ hal ide, .one
o i e B CRIHABE PhARA 1o ol DRI HRR Foe ol s°or Bftor
r eresenti iy a Rurgireo ppeserasdeenividiment, te TrReyRid colhRbR i Epkesent at

ol efin | rs ¢l ude, pol yi sqbut yl ene,
pgﬁlwl?esgﬁpéﬂizoushg s the,meles of I Hitarepreyant tqahopdd times the
| Riolldsad OmitiHRt fraseat. h i arhon .

posi tSi one(lJI at I?he E:hg% %%gﬁgﬁ%? ea%g%%&é% ﬂ% {nﬁ?art]ortﬁéaresent at
baRpsie fiom ebeut Mol ywebss. pefier tot fitwuol16F imolpo byiRfer.N@s is of

1L L] I n. ato at tertiary carbaons, either
e a8 Bk BB RllessEl GmBinte 2L BOReT armatl within the
pscage of thivdhve@idnai n pol ymers whi ch have a conb |ike

structure and/or side chain branching dependi ng on the
nunber and placenment of the hal ogen atons in the

0 BN poly o ' t se of chain end )
tte()?f%?];r y po?gérreﬂugfwgztﬁie nﬁa?aﬁ\és[ o) @%‘% (’fgﬁ ‘i\epﬁ’é‘?rﬂ?ddemed
f wolegnladuetight and pnokiusiar Widight dRyritiIhabN th Qdfymer being
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[Ef‘ég%%e P&%P}Cé Y Sieirgngs il lhe fgem ahouti 1 ¢ mokasypehbiteatoy3 af107

i Tl | o _
t AERS peSKRitHAnd Most %?éﬁr%ﬂﬂycfrrf?lgéﬁn% i(ﬁa%l'oi)eg é’%; liter. 1 4 e.

i sobutyl ene copol yners r1nc I ng: hydrog
2-chl oro-2, 4, 4-trimet hyl pent ane,

or o- 2- pet hyl propane, .1-.chl| or.o-1 -,
ﬁ@tﬁg{;/]I et hyl g%‘ﬁg’g%g’s{%ﬁ'ﬁdu HBf81s invention may further comprise a
catalyst composition comprising of a reactive cation and a weakly-coordinating
anion ("WC anion" or "WCA" or "NCA"). The catalyst composition comprising
the WC anion will include a reactive cation and in certain instances are novel

catalyst systems.

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

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



[0086] Catal yst system conpositions useful in this

invention typically conprise (1) an initiator and (2)
w@2a0emsss2tci d coinitiator. In a preferred enbPdi/De2003/040903

the Lewis acid coinitiator is present anywhere from

about 0.1 noles tinmes the nabes of initiator present

to about 200 tines the noles of initiator present. In

a further preferred enbodi nent, the Lewis acid

c Oldiktyi-66@TinkSndT BHIOAS McludnyWha[ SIS QR ARG RSD boron

times the noles of initiator present
t HBB(pip) £} tetdaperfidoraihenylB6 R8BI pfp)47), %
enbodi rreﬁt thep i ni t?ﬁat o}; i's gr (e%gjr14t) atﬂ%@lf V\/F](gﬁilen}#almmnum
ab:@{horzmeg, lmhtgaatp@ catbotaees 4nd thbtikié. The 6atiUﬁ| i€8nyP&ition that can
I|t course understood that greater or
ggé? Pr%b %C@f‘telﬁﬁaf OSMI- are still within the
scope of this invention. [0087] The anmpbunt of the
catal yst enployed will depend on desired nolecular
Qﬁ{ﬁ and nidleeaaitnamaybeé gdmbldec‘shmﬂhhhé tafondy ztri?&nethod known

T | | h
P 6 USRS PR A G e Farfepamblecinga piegied orphadament the
péN Clanicy is ai€odiesd inks SleeliRbhdastd @ ﬂon? %)ﬁ’taﬂl%%::’bdm l&Sanion

ljter, [0088] Cat alést systens ‘use Int
i l"ﬂ?@ ihg S?fflcﬁaa}ﬂ ther forarofc ﬁrﬂctlma C&alyts‘ats)edtqmt loonpter torefBrred

c ti cat

R e S T S
" WEAltpe tHHlmmatrﬁihyq:treseﬁ)m)ﬁSﬂhE ic@tiort 8P RISV éhtioh RBuNE ie. the
ani .on ,wil | Feg ude a reactive cation and in certain

i ARPRAT ALY, %IV%Y 1s¢ ’é‘ﬁt‘ﬁﬂ?@tonﬁﬁx beractivagpdgeithoat the presence
réhi h

A A R O A AT

vvé@lbp@umba domposiiort contdiming altd :m’iomﬁhﬁﬂ a sby@positith @htAMing the

[ unctlo as .t ab|I|Z| anion in this

| St <Ok gdRe St fideastianGnen tarpreghcbrihe anion and the
f eapment or substituent to the cation thus creating a
neutral by-product or other neutral conpound.

Preferred exanpl es of such WO 2004/ 058828

PCT/US%ﬂgﬁ¥géE§8§m 29£meakly coordi nati ng ani ons

i ncl ude: uor ophenyl ) boron
(RB(pfp)3-), tetraperfluorophenyl boron (B(pfp)4-),

t et erflu ophenylalun1nun1 car boranes, hal ogenat ed

cHi08&k anes ARY meidl on meetallqidecomponndh creablngf Gmmingnar haibnic
Cédmplex 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
boron atom in the anion portion, are available commercially. In light of this, salts

containing anions comprising a coordination complex containing a single boron

atom are preferred.



add to an olefin to create a carbocation. [0090] The
anion may be conbined with the cation by any nethod
whpewossse® t hose of ordinary skill in the art.PEDDS2003/040903
exanple in a preferred enbodi nent the WC anion is
i ntroduced into the diluent ag a conpound cont ai ni ng
both the anion and the cation in the formof the
active catal yst system |n another preferred
enbodi mnent a conposition containing the WC ani on
fragnent is first treated to produce the anion in the
prié€¥ce of Inigeneral Wom anions may be vepreshiedbySBeifdti®witg Seneral
FI on is activated. Likew se the WC ani on maygb
TWated without the presence of the cation or
cation source “hWﬁQ'ﬁﬁgf“ guently introduced. In a
preferred enbodi Rt ledrdosi tion cont ai ni ng the
aniieiand a conposition containing the cation are
conbi ned and allowed to react to forma by-product,
t he aniMis amtalimemewltoncbn Weakl y- Coor di nati ng Ani ons

[ 0091] ta net al | C ound capabl e of
form néﬁgx ar@ilcﬁ‘i? cdeBeﬁ% @E’ \?\W‘%ﬁngl & upbridasd| bydsfde radicals,
tr N nt t.o caI| on
tgmnlg}a i %%& %}1%:) %&@g’g%a r ‘i‘ﬁ‘lﬂ?’a YiEAcaty] eand
nmybdnlﬁlte&hyidrasarbﬁera\dﬁalsa MaRarbly aﬁ&icﬂubétﬁﬂteanﬁil(ﬁ%? r&licals
hﬁ? g pabl e of form ng a coordi nation
@ yigey glﬂné hajpcgehyEpubstifitesd ergannmaisléaid mdlmm amrcbne
Sui t abl
| BuPn @ HNRO R o‘ﬁ@ of ar e'd%o%g})égﬁ?l? 'r?u@icgll, ﬂlm ﬁume

metals inclu

gold, m ﬂtahnﬁtege%rielpﬂe&%nhg 'ﬂﬁe fo§HA1tv% € OBt

i ncl ude but are not linit or on, osphor us,
sili coﬁl%x?bﬁtft)tﬁ]enumb@d@gmlqndﬂ cont ai ni ng ani ons

whi ch dj,nat I t
&1 nl o RERE g GRR IR e TR e “or “Cour se. wel

known and nany, particularly such conpounds contai ning
a\l@gsg ron atomin the anion portion, are
bl e c nifedlc PRHTS unqifﬁstpp@ﬁhat etamians desttiled above and

CBALR MaP DbePBhiRS EEH%H{ g ﬁ\lvi@lg {22R¢ SRS ng%rgga ec%%%n)% that is

containing a single are
2 0020v88 382 ¢ RO/ 4iBR0 ARA OABAD AR cdr], ONR2}ankd) i @nerR} ’claltlons .

represented by the follown enera
V\gescrllbed1 For Tad w1?h 1epan?ons For e}yample CppZrMey r%a}g be combined
with a composition comprising the anion (WCAR™) where RT acts with a Me

group to leave the CpyZrMe WCA- catalyst system.

[0094] 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;
Ar and Arp are the same or different aromatic or substituted-aromatic

hydrocarbon radicals containing from about 6 to about 20 carbon atoms and may

be linked to each other through a stable bridging group; and



formula: [(M)mQL. .. QnJd- wherein: M is a nmetal or

netalloid;, QI to O are, independentl Y, bri dged or
wandriosksesl hydri de radicals, dialkylanm do radPCHIS2003/040903

al koxi de and aryl oxi de radi cals, hydrocarbyl and

subst it ut ed- hydrocar byl radiggls, hal ocarbyl and

substituted-hal ocarbyl radicals and hydrocarbyl and

hal ocar byl - substi t uted or ganonet al I%i (1JI [adéc;al S agg

any on t ri e

hal)/i dee}r(?édfﬁci&al);@malig}s) lgﬁéﬂi% %?eélglg’r 1?Sféif)lr SsENTING Hﬁ%ocarbﬁ and

f cubstitutedlhgdoeadbrgicaly, Mocafbyl Snd REbiiR t@h-h%%%gl FzIdicals,
nds q, and d is_an integer greater than or equa

It ioh%' rocarhyg3nd falogarhyl-pibgiiied uerganamaalibit hadictlse disubstituted
' ' .o y qunter . ‘
DA aees BRI BHANE BRooddl G Sl Tediselsi with the
r qaroviswitheeX g ned Khevillmioobe Aglide avttetsaidgingat i on. The
same is true for cations described for use with the
ani ons. For exanple, Cp2ZrMe2 may be C%HJ)OI \r/]\ﬁd vaih a
it | Si t ion (WCA- R+ ere )
GO % R a0 g o ot o
Preferr VIC ani ons conpr.i si ng
by Dt SR AT by e S ottty eRapdnouds but
f @remdtdimifeBAo, phea3MdhthyMaed Sithiachyil SadBedhO" Qlabl: @bstituents

ce st.ate of 3;; Arl and Art are the sane or

PGS SRt Shpatic RY&geasbon tadialsainshudei but are not necessarily
by agarath SRR AL LAMIEROH) Sri, S0Pty

carbon atons an

t Kadieadh Thogacatily abd ifbhgratydgreaiby] rafel NG R ARMIRS 8828 those

X4 are, independently,
IE) %fﬁﬁaéoggég% %ﬁg I}qf’,%lpé(tgggrggyayalﬁdortho, meta gr para, relz%ive 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 Arq and Ary, 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, Ar] and Ary could be

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

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

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

the foregoing list is not intended to be exhaustive and that other usefil boron



substi tut ed- hydrocar byl radicals, hal ocarbyl and
substi tut ed- hal ocar byl radicals, hydrocarbyl- and
whadoao388R8/| - substi t uted organonetal | oi d radi caPGT/US2003/040903
di substituted pnictogen radicals, substituted
chal cogen radicals and halideg,radicals, with the
proviso that X3 and X4 will not be halide at the sane
time. [0095] In general, Arl and Art nay,
| ndaneuaen;
subg?)? t ut edé gbre % %gtllégﬂlllﬁs dr g@%& O‘éo%%}aédm% aﬂther§l et? lgbqremetallmds
aerFdd ibe readiliycapipsrenntl thdes skilled imtle ardfrohi fl‘ietfefbgbﬁ],g general
Q@ ﬂg@;nﬁ and ant hracenyl radicals. Suitable
stl?ﬁ% W ¥he substituted-aromatic hydr ocar bon
radi cal s, include, but are not necessarily Ilimted
0 drocarbyl radi cal' s, organonetal | oid radicals,
Q@é and d¥ yﬂaﬂi@ﬂlaﬂ’}’ametfmeﬁ WCuamion avdmyrisaed boron may be

g%ggg_ ﬁ&éﬁ LBy}, radlcaligand the |ike such as those

W4 yent may be ort ho,
msta or para, relgmépesi -the carbon atons bonded to
t he boron atom \5\hen e? er or both X3 and X4 are a
hydreodar byl radi cal, each may be the sanme or a
differ?pi romatic or_ substituted- aromatic radical as
are Ar it igdthonpe, Cds carhen gadrB. gag Q)éreaassterﬁac@ bower Illustrative

b d I

h &gip glg g ?161101 nhé: y%qm%}léﬁgéy i 9% ngééf%g subs %Iﬁ%gd C%r%’l)%”&g "boron

hmiaoahtaduyl rsatts odlere Qs is mchlmpleeldyda&gy@l Aeh a@rlrﬁetﬁylt butyl,
ke to.either X3 or X4. Finally,

cau
x4 ﬂﬁd’g}exgl 506 .w@m @ IS ZCPPIpORIS Y@rﬁ%"bxglhofamdeﬁmte chain
S Wnig@dueh kS p@l%t?ﬂ:n@ "osopkARD n%dlk A FrenfUL 1O

limting, exanples of boron ¢o may be
used as WC anions are: tetraval ent boron conpounds

S s te I oton, tetra(p-tolyl)boron,
CHFBOTS ¢ o1 bPOERRASIY' dBiehElcs b b Rt pbichn B atfor the
t edvanfage pfdirowting| eph%ﬂlé‘ 3410618 Non-eRdHaBEaMRvator component and
di.met hyl phenyl ) boron, (p-tri-fluorone hyI phenyl) nBjor on

afifelt fEalsk e Sqteflo Mpiadysty laad/or | prearashs s t(zﬂﬂnepreferred over
CHIPRBRN R ED n&?s' %%hgécaﬂget esybgzglﬂalgfn%tlﬁ{?@ g‘hcah desired

whi ch are uséfu anr ons” na

| ¢aytcentzationmat caﬂbeﬁmmkfﬂ%ﬁe&sﬂty Msih® s@gﬂ@%ﬁﬁh&ﬁ in commermal
disclosure. In this regard, it should be noted that

t FE@°¥%F%egoing 1ist is not intended to be exhaustive

and that other useful boron WO 2004/058828
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[00100] WC anions containing a plurality of boron atoms may be

represented by the following general formulae:
[(CX)a(BX)mX"b]c~
or
[[[(CX6)a(BX7)m(X8)b]c-]2Tn+]d-
wherein:
X, X', X", X6, X7 and Xg are, independently, hydride radicals, halide
radicals, hydrocarbyl radicals, substituted-hydrocarbyl radicals, halocarbyl
radicals, substituted-halocarbyl radicals, or hydrocarbyl- or halocarbyl-substituted

organometalloid radicals;



conmpounds as wel | as useful conpounds containing other
nmetals or netalloids would be readily apparent to

wo bosesssks | | ed in the art fromthe foregoi ng geRCEDS1003/040903
di scussion and fornul ae. [0098] A particularly
preferred WC ani on conpri si ngzboron may be
represented by the follow ng general fornula:
[B(C6F5)3Q - wherein: Fis fluorine, Cis carbon and
B, and f Y bu not
limiti nggf@é?é%% tlgg Ih%} t?ese\c,ﬁ:jxll-y e% g“@é% Ant ngttal, preferably
caongkel.sobglt boiram  tri phenyl nethyl salts where Qis a

sinmpl e r.ocar.b such as nethyl, butyl, cyclohexyl,
or pherﬁ%‘%&’r g%ﬁr %s a pol ymeric hydrocar byl of

i ndefi mlggngﬁ@gég>j ength such as pol ystyrene,
pol yi soprene, or ol y- par amet hyl styrene. [0099]
Pol yrreraJchD Osﬂbsbvmnlxr@hmtdger fromt2 forabberg;ed ani on

offer th ant of in hi ghly sol ubl e

i on- exgﬁg %?5 ?85ﬁ@%h§ghgﬁwgggd final catalyst.
Sol ubl aa@latbadryﬁiessaam)’r@rdlﬂér@ﬁ%t%g&soaf e often
preferred over insoluble waxes, oils,” or solids
becausé 1§ Aeintegen > diluted to a deS|red

concentra n sfe red e u3|ng
s.np|e955%f3ﬂ%§$gW%“é%“ ‘% g %Wgcég 00100] WC

ani ons ncmrunanngélgfr@nraltu@mmtm of boron atorrs may be
represented, by the foI | owi ng general fornul ae:

[ (CX) a(llB%ﬁl)‘ Fﬁ@%’f guchg at[2°[ T SH@Y a(BX7) n( x8) b]

c-]12Tnylis 95 : X', X6, X7 and X8 are,
|ndependent y, Jrlde radlcals hal i de radical s,
hydrocarbyl radlcals subst i t ut ed- hydr ocar byl

oca subst i t ut ed- hal ocar by|
1‘2418’21 Xﬁ’;T/‘B é’é tss Fffefg %Vé. e o ythis dpyeition poaprising a

OpBATATOF BblofltbriaRbaks: WO 2004/ 058528
PCT/ US%IOOS/ 040903

A borane or carborane anion satisfying the general formula:
[(CH)ax(BH)bx]cx-
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;
by is an integer from 0 to 3;
cy is an integer from O to 3;
ay + by +cy =4;

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



33 Tis a transition netal, preferably a group 8, 9,

or 10 netal, preferably nickel, cobalt or iron; a and
wh2@nesiseg egers > 0; ¢ is an integer > 1; a +POI/ES1903/040903

an even-nunbered integer from2 to about 8 mis an

integer ranging froms5 to abagyt 22; a and b are the

sane or a different integer O; c is an integer > 2; a

+ b + c = an even-nunbered integer from4 to about 8;

mis ansy nt ; LS an integer .

such t 1ok 2 o0l bin Bk andboldh BRI HE orlowing

[00101] Examph@al@mmphefe{redlma an}ogs of t?ls

i nvention conprising a urality o oron atomns

i ncl ude: (1) WR bdf[gg@m(é)ﬂhmiﬁﬂblm%%z‘wlﬁﬂ%t isfying

th eneral fornula: [(CH)ax(BH)bx]cx- wherein: ax is

eiWeI}?gefm'O or 1; cx is either 1 or 2; ax+cx=2; bx is

an intgg@gaﬂiﬂf@@glnﬁ;oﬁlr(p@ﬁbout 10 to 12; or (2) A

borane or carborane or a neutral borane or carborane

conpoud is ayeinfegeyirom @ o; general fornmul a: t f

a X by] cy- wherein: ay is an integer from
LOCH) axh RO Sy

0 to 2; Vs integer from0O to 3; <cy is an
I nt egeinA ik aMideded fidim about 9 to 11;
az+bz+cz=4; and

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

[00102] Hlustrative, 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), undecahydridof7,8-dimethy1—7,8-dicarbaundecab0rane,

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

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

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

boron, tetrapentafluorphenyl boron anion and / or two or more



ay+by+cy=4; ny is an integer fromabout 9 to about 18;

or WD 2004/ 058828 PCT/ US2003/ 040903 34 (3) A
woredoalossskor ane or net al | acar borane ani on sat i SPEI/D820D3@10903

follow ng general fornula:

[[[(CH) az(BH) nz(H) bzl cz-12Wnhz%l dz- wherein: az is an

integer fromO to 2; bz is an integer fromO to 2;

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

1 kiispedZafthofphenyd Zoororft d .

res p%ct i vefb;) 21} and 2 ag?’ﬂsglgﬁ%é ?gv#%nal%g%ld to a central atomic

| Imelseularqrpelynsuic cqurpldxi aripaitivdg. exanpl es of WC ani ons

i nclude: carboranes such as dodecabor at e,

decachl or odecaborate, dodecachl or ododecabor at e,

1-Gaivbedeapbosmt €, 1-carbadecaborate, 1-

trimethyl siTyl-1-carbadecaborate; Borane and carborane

conpl exes and salts of borane and carborane ani ons

zﬂg@@fcgsggﬁg@ég&%é% %C{ ?%5)?&1&1%{1@% ’ﬁﬁg El%rﬁpo%(t%g) )WC anion is

undebaiey dvitld 0nd oB-rbrERIativhs thaBafll SAENGY RARE AIRL AR lasses of

6- car badecaborat e(12), 7-carbaundecabor at e,

7,°%t3%5€8$8%169ﬂ’e?9&’298$-ate; and Met al | aborane ani ons such

as bi s(nonahydri do-1, 3-

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

bil¥10AHe c ahPdme ooyl clhssad raundecabor at 0)

ferrate(ll]l ) .

bi s(undecah{dt i dbveroRsntidicayharamsiiionor el  complexes  and

cobal tate(l 1), derivati

bi s(undecahydri do- 7V,agy%lsi ﬂ(}grfggunabor at o)

ni ckel at e( | (B)) . diselstibnehgatbochtion wdrose composition is represented

di met hyl -7, 8-dic r&%@de@abor ato)ferrate(lll),

bi s(tri bronooct aﬁ)Q i Jorurag-

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

bi s(undecahydri dodi car badodecaborato) cobaltate(lll)

and bi s(undecahydri do- 7-car L’jaundecabor at o)

cobaltate(lll). R;—C—R

¥

3

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

(C)  substituted silylium; preferably those represented by the

formula;

1

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

thereof, preferably Cy to C30 alkyl, aryl, aralkyl groups or derivatives thereof;

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

which are represented by the formula:



[ 001031 The WC ani on conpositions nost preferred for
formng the catalyst systemused in this process are
W@ bhagesssesit ai ning a trisperfluorophenyl  bor onPCT/US2003/040903
t et rapent af | uor phenyl boron anion and / or two or nore
WO 2004/ 058828 PCT/ US2003/ 040903 35
trispentafl uorophenyl boron anion groups coval ently
bond to a central atomic nolecular or polyneric
conpl ex or particle. Cationic conponent [00104] In
various preferred enbodi nents of this invention the WC
anion is conbined with one or®pore cations that are
selected fromdifferent clagses,of , cations and cation
sources. [00105] Sone preferkyed cladses are: (A
cycl opent adi enyl transition netal conplexes and

derheréhi f ' loPerivati
o e e oeboss R B are TR IRID Sifl Al BREED of dpgivarives
RatierBaY, pheserabln ORl to (3 allnd, 4731, afalicyld gftru?ﬁ 8PderflaiVds thereof, and

aryl, aral kyl groups or derivatives er eof ,

prief isrGah Sy oEPbt 0 C30 al kyl, aryl, aral kyl groups or
derivatives thereof; (C substituted silylium
preferably those represented by the fornula: RL RT
Si A.RByMbSd@idierPl Mdtd DR afiRsar € hydrogen, al kyl, aryl,
aral Kyl groups or derivatrves thereof, preferably C
to C30 al kyl, aryl, aral kyl groups or derivatives

t : (DG itjon apabl e of generating a .
TR O BTRE 05, SRS SPGB
t itnngitioh @edals SIRARrOh moML Chis 6L 1riseRY B8 RHeRY deAfative of a

fornul a: .
group 4, 5 or 6 transition metal, preferably a mono-cyclopentadienyl (Mono-Cp)

or bis-cyclopentadienyl (Bis-Cp) group 4 transition metal compositions,

particularly a zirconium, titanium or hafnium compositions.

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

combined with weakly-coordinating anions are represented by the following

formulae:
(A-CPMX [,

(A-Cp)ML+;



WD 2004/ 058828 PCT/ US2003/040903 36 R1 R R -R3

wherein R, R2 and R3 are hydrogen, alkyl, aryl,
ware@ikyds2gr oups or derivatives thereof, prefePebl§20Ci040903

to C30 alkyl, aryl, aralkyl groups or derivatives

thereof, and R* is Ge, Sn or;Pb. A Cycl opentadi enyl

Met al Derivatives [00106] Pr ef erred cycl opent adi enyl

transition metal derivatives include transition

metal s that are a @opnRp-, bigs-) or tris-

cycl opent adi enyl depivati*ve*of a group 4, 5 or 6

transition netal, 17 eferabl nono- cycl opent adi enyl

(Mono-Cp) o gl s-cycl opent adi r%d (Bis-Cp) group 4
transition n{epf conposi tions, ticularly a
zirconium titani or haf ni conposi tions. [00107]
Preferred cycl openg@dl enyl derivati vesX(lg:atl on
sources) that nay (zohiifned with : and
weakl y- coordi nati ng anions are represented by the
following formulae: (A Cp)MX1+; (A-Cp)M+; Cp* Y-M
CpR WO 2004/((2;6@1828 P%T/ US2003/ 040903 37 (C5 HS
5-y-x x ) (A'F Y- JR X (z-1-y) Y;and

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 Cpg 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 (Cs5Hs.y.xSx) and JR'(z-1-y) groups;

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

yisOor1;

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

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



(CHS) 55-y-x x Rn XY wherein: (A-Cp) is either

(Cp) (Cp*) or Cp-A -Cp*; Cp and Cp* are the same or
walrdoessseg cycl opent adi enyl rings substituted PEI/UK2003/040903

fromzero to five substituent groups S, each _

substituent group S being, i3gdependently, a radical

group which is a hydrocarbyl, substituted-hydrocarbyl,

hal ocar byl , substituted-hal ocar by}l%ﬂ a

hydr oc I- t 9

hZ\I ocar byl - @g{@ﬁ %%%g%gor g%lg(rirg?&al [ ol (i.‘i éfoélgbl el?m?nt pith a

baroordinationutsilict ut @ttec PRE GFOGETS clsmbat wttutaeé%o%ﬁétﬁfhgﬁﬁnber

or hal ogen radicals, or Cp and Cp* are
;R,ij}@ T3ty &Hyeep; MPh%uwxmnﬁyukfwa adj acent S

gr oups @ , ring to give a
sat ur atlgdfg ah?lﬁﬁ)ggrtbgrf’g@u@%r era%?;r )/%P%ent adi enyl

| i gand;X Rands Xg atebsmdeﬁoeuﬁiﬁqﬂp Na dfydrldé fallieal, hydrocarbyl radical,
cycl opent adi enyl radicals which is also borided to the

r@phq;tltgqe@ ki diacarbyl radigal, dilg]ongbgk wdipal, whbstitutegd hallpcz{fhyl radical,

( e B 3 bt e B lai Gregignl b iatea

Orpnﬁ:tégeﬁﬁédlbaloﬁ dﬁBitﬁhﬁed cMalb&geﬁ riicals; a@SHS-y-xSx) is a
cycl opent adi enyl rw;g substituted with fromzero to

five ¢ isagiodedins dioefinsorfarym ligand, & adwenieli Ieyvis hasedegr ee
of substitution; WO 2004/058828 PCT/ US2003/ 040903 38
JWz-1-y) is a heteroatomligand in which J is a group

190@108ient vidditianal cpabstinealidnyh compheids Qﬁattlhaye%e Qfse@ in this
gr.ou wi th a _coordi nati on nunber

16 el
O EVRIER P Sroch oo, USnBaroNGS 5 bvibh Sor 8 bt 498,401 and
5,096,867, which are incorporated by reference herein.

B. Substituted Carbocations

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

Preferred examples include substances that are represented by the formula:

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

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

significantly enhances the polymerization of isobutylene.



R' is a hydrocarbyl group, preferably an al kyl group;
X and X1 are independently a hydride radical,
whyanosssedyl radical, substituted hydrocar byl PCEHUSMA/040903
hal ocar byl radical, substituted hal ocarbyl radical
and hydrocarbyl - and hal ocar gl - substi t ut ed
organonetal | aid radical, substituted pnictogen
radi cal, or substituted chal cogen radicals; and L is
an olefin, diolefin or aryne ligand, or a neutra
Lewi s base. [00108] Additional cycl opentadi enyl
c depobsidytedtfalylinmyCatiensised 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
r qoeri@pce hgnpei gp S Lt : ati . 109] ..
Aﬁothgw_preferre&ﬁggur?§§§%§ytﬁ%n%ggﬁgﬁ’i§$§%gé%8tuf um
c £PBPesitiPeth Prefepblyf tiswlstitusad nipylasn icombositorsuds teanbaked with
t represented by the.formyla: RL, R2 C-R3
W Eat B TRGREN Rt S fralnctubim gtion droter represented
| ibyehd forlknched or cyclic aromatic or aliphatic
groups, preferably a d to C20 aromatic or aliphatics
group, provided that only one of R, R2 or R3 may be
hydrogen. In a preferred nbodi ment none of R, R2 or
R3 are H Preferred aronat i ncl ude phenyl, toluyl,
xylyl, biphenyl and the Iide. Preferred aliphatics
i ncl ude nethyl, ethylR,—pr§pH- gﬁgyﬂ, pentyl, hexyl,
octyl, nonyl, decyl, dgdecyp, 3- hyl pentyl, 3,5, 5-
trinmethyl hexyl and the like. In a particularly
pr fetrﬁQ enbadi nent, when R, R2 and R3 are phenyl
g Wg‘ﬁlﬁén t-He addist s78 Andspendently hpéagew cor liapambtanched or cyclic

" LRAR or HBRE SRh HuERE MRS 1S eRS) eudG: Raghd &, may
Sho sy drogere Pr&ietaply, won€af RONR, bAORIGle HN PATRLBS! R, R, and R;

preferred enmbodi gent, substituted silylium

c 8%8’&?{’?%’3’;? ’&rglfe@r ol FFomaptics phaliphatie @epupi Mare preferably, Ry,
CROBAS R hRNSdRIGARND] aed, Wi S ol yprkze .
nmonomers. Pr ef@%r r ed% I 5?". %nmckg% g}gﬁg' %%agn Soéfg“fseitlﬁ aromatic
r SIUBES arvebe selected from the group consisting of phenyl, tolyl, xylyl and

biphenyl. Non-limiting examples of useful aliphatic groups may be selected from

. the group consisting of methyl, ethyl, propyl, butyl, pentyl, hexyl, octyl, nonyl,
decyl, dodecyl, 3-methylpentyl and 3,5,5-trimethylhexyl. A particularly preferred
group of reactive substituted silylium cations may be selected from the group

consisting of trimethylsilylium, triethylsilylium and benzyldimethylsilylium.

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

Organometallic compounds, Chapman and Hall New York 1984.



by the formula: RL | R2-Si-R3 wherein Rl, R2 and R3,
are i ndependently hydrogen, or a linear, branched or

W@ ymhkiosss2ar omati ¢ or al i phatic group, wth theP@r/Us1088040903
that only one of Rl, R2 and R3 may be hydrogen.
Preferably, none of Rl, R2 amd R3 are H. Preferably,
Rl R2 and R3 are, independently, a Cl1 to C20 aromatic
or aliphatic group. Mre preferably, RL, R2 and R3
arl2_Congpsitice Capableioferepatiad adtrkdn 9r oup. Exanpl es of
useful aromatic groups nay be selected fromthe group
consi sting of phenyl, tolyl, xylyl and biphenyl.

N‘[ﬂoi it ng? ?&ﬂ{fp%o‘ﬁ?ce%r fﬁ%%gt%n al hat I Cuﬁi&a{gwlrﬁroduce a

be s cted from grotup ConsIs

etpn«yﬂon \ph@pybmbimuﬂ With plem t\&ebklytt@éydmatﬁ@ ¥hion R NY Icomp051t10n
ne pentyl and

dec dodec th

I T AN S A — estragt dum he
of d I ns
2 éle é:?t@g té)f}é‘fsé?ndl?%éﬂbg?%ﬁg sﬁfé (%ﬂé{:}g?&rﬁ%‘hs% Wearl??y coordmatlng, non-
t rrnundgopiyhs phigh it water, elfcblyd] o blydriol meaﬂd to produce the proton and

b | di ne I | um 00111] For a discussion of
% %rr?sgpﬂ@}i%]ﬁoyt— her jn € Gapgy 1of | dpehol or phenol and

Sﬁﬁfoh@lsih&hé Rk %vaat eSdc::h@eac@Qﬁ [‘r%ﬁ be@ﬂef@f{r&f rpt?l%%\/ent that the

Advanced | norganic em stry, ey and
NEGRcieR R ﬂgg@ achtiawsadids faster stitibthe phatonmedhdditiee as compared

S oot iR e Rt TDRRY i e R Mon geasiin i ol

compoxylitsacidshapdra lard Siallhr HRMiYEEK mh) 8-
2004/ 058828 PCT/ US2003/ 040903 40 D. 9rrporg¥ged with silylium

chpsieRlsts- cdn érp&ftm&rla roeferred efobodin@ht, Avifea (R t, IR sandr Re are
fo% tEe Catlgﬁhﬁﬁ conpo nd that wll produce a

P3Y% Bt ot 1 PHEbatisaRT yrospaicd plealglngjgnificantly
aBhiRRcEY the pSYIRASAIInUT isddBRidHeNi NY @
weakl y- coordi nati ng ani on. "Prot ons may be generated
fron1the reacti on of a stable carbocation salt which

S i nati non- nucleophlllc

SIS R St mEfiRh ot etiupn spuguts coBhmeEB e

t Ih er [grcmpOIl nie, preheatlP liflBSROREtH "iz@at&)/ s@hoe@%‘yt medRldI8h a wet

IH t he cas%-of an al cohol or phenol "and
iluent, in the presence of a Lewis base that does mnot interfere with

polymerization, such as an olefin. It has been observed that when a Lewis base,
such as isobutylene, is present with the group 1 or 2 metal and the water, a proton
is generated. In a preferred embodiment the weakly-coordinating anion is also
present in the "wet" diluent such that active catalyst is generated when the group 1

or 2 metal is added.

ACTIVE CATALYST SYSTEM

A. Cyclopentadienyl Transition Metal Compounds

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

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



al cohol in the case of water). Such reaction may be

preferred in the event that the reaction of the
w@200bossaes on salt is faster with the protonat eBCT/US2003/040903

additive as conpared wth its reaction with the

olefin. Qther proton generatisag reactants include

thiols, ~carboxylic acids, and the like. Simlar

chem stries may be realized with silylium type

cat St s rt. cuI ar | referred enbodi nent,
o?h smgF&e rg?g W w Scon’tglilélngd@lptwgpﬁ otvhich
arthéﬂ i it i i@fmaﬁﬁ-ﬂﬁﬂu& ahgohg! a& \%m"weﬁla é{fli%]“g pair.

enhances the polynerization of isobutyl ene

Arldikéweise, tiaé m@dﬂ*oc@ﬁﬁtﬁmatrﬁayaalw 86 AteGHTBEMBIEE ith the WCA-
canbj ni ng a group 1 or gp 2 netal,” preferably

| i % HPE théraetivengataly st %@m ad ypigakie dles VOEAi is comtsitied with the

di | in the resenc of a_Lewi s base that does not
irﬁaﬁ?fp gtion, joprre ’g‘oﬁaV%P 2 dilohowsyeraties g 180 &piIn(CpEm™ to

hayChgaRoWRIR Y &R philldice YRR ifvdiftighS base, such as

i sobutylene, is present wth the group 1 or 2 netal

and the water, a proton is generated. In a preferred
coordj nati.ng anion is also

Tt h
:[Qsen |nn t%c wevﬁ@‘ 01)(18&?{9@&5 @nchf Plﬁg@reg&y‘ Tpacting & tagition

| Snganehpoatd Wisoklteh gt wh
AT Ve CRTALVST Syt EMR ojcfééégsm% gﬁﬁéﬁ?ﬁ@?% e‘gh“’h p upon

Nemnommmmydsommmmganamx) EPtht tansiibh ﬁﬁtm&ﬁbound forms an
cations can be conbined into an active

c ahighny suchi &S é[lB(CeE@B(X)M} which. stdbifirassthe ngitiboid trgsttidn metal
conbi ne a corrpound WO 2004/ 058828 PCT/ US2003/ 040903

4 BPEUFERYRisg byHibe aqtin. wi th a second compound
conprising the WCA- which then react to form

by- product and the active "weakl y-coordi nating" pair.

Li[@dHM]Se t hen@a:]'ﬁslpecmfahis Al eitiyn & $e abﬁvéjéd?rﬁ&fahblmc catalyst
con‘m%e(z wi.th the WCA- to formthe active catal yst

syete WF%% is pimedrand Whish ¢a8 hegppyesragedint the forqulac:

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

ratios of 100 to 1 (CpTm+t to WCA) also work in the
practice of this invention. [00115] Active cationic
catal ysts can b&xrepared by reacting a transition

met al conpound HC ReliHEaC _@HACG
B( C6F6) 3n, whi ch upoﬁm( paCCp)-@RL,ICGS UMTAS

X

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

i
Y—l\I/I--(--CH?_--CGz—-)g--CHz--CGz+NCA'

CpR



reaction with a hydrolyzable ligand (X) of the
transition netal conpound fornms an anion, such as

W@ p®Eass2y 3(X)]-), which stabilizes the cati onPCT/US2003/040903
transition netal species generated by the reaction.
[00116] A novel aspect of thigs invention is the active
carbocationic catalyst conplex which is forned and
whi ch can be represented by the fornul ae:
(A-Cp) M- (--CH2--CR--) g- CH2- - C&+WCA- Xl
(A-Cp) M- (--CH2--CX--)g- CH2- - C&2+WCA- L Cp*
Y-M-(--CH2-- - - C&+NCA- | CpR WO
2004/ 058828 PCT/ EF040Q903 42 (C5H5-y-x Sx) (A)Y
M (CH2- C&-)g ~ACH2- C&NCA- R (z-1-y) Xy and

(C5H5-y- x - - -
wherein e G is independent}y\pydr o&lgﬁ‘lmc(?}n g -CH,-CG, NCA
aromatic or erably a d to 0100

al i phatic grou representing the

nunber of nonone ¥ncor porated\nto the grow ng

pol ynmer chain, g i preferably a nunb greater than
or equal to 1, pre eré‘Bty)) a nunber from Xgo about
150, 000. WCA- is any weakl y-coordinating anion as
descri bed above. Al other synbols are as defined

above. ; and

(CsHs.yx S )

/ \(CHz CGy-)g -CH,-CG, "™NCA™

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

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

other symbols are as defined above.

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

compositions which can be represented by the formulae:

(A-Cp)
|
WCA" *M--(--CHp--CGy--)g--CHp--CGy ;
|

X1

(A-Cp)



[00117] I n another enbodinent this invention also
provi des active catal yst conpositions which can be

wo epressses ed by the fornul ae: (A-Cp) WCA- PCT/US2003/040903

+M-(--CH2--CXR--)g--CH2--C&x X1 (A-Cp) WO

2004/ 058828 PCT/ US2003/ 0409033 43 WCA-
+M-(--CH2--CXR--)g--CH2--C&R L p WCA-
+M-(--CH2--C&X--)g -CH2--C&R CpR (C5H5-y-x Sx) "/
NNCA_(A)ngl(CHZCGZ)g -CH2-C& JR (Z-1-y) Xy X
Y and (CsH5Jy-x Sx) NNCA M+ (CH2-CX2-)g -CH2- C&
R' Xy Wém--ea@m QCGs-) C@Béf-ﬂgéﬂtiy a aliphatic or
aromati c group, pre era Iﬁq | (t0 C 100 aliphatic
or aromatic group, and g is a n integer representing
t he nunber of nononer units incbrporated into the
grow ng polynmer chain, g is preferably a nunber
greater than or e k to 1, preferably a nunber froml

to about 50, 000. 2004/ 058828 PCT/ US2003/ 040903
WA +|M——(--CH2--CG2--)g--CH2--CG2
CpR
Y
(C5H5~y-x x)
\NCA
(A')\y\ / \(CHZ R CIG2
R 1) %
;and
(CSHS-y-x Sx)
NCA”
+
M — (CHz-CGz-)g -CHz-CGz

/

RH X
wherein each G is independently a aliphatic or aromatic group, preferably a Cq to

y

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.



44 WCA- is any weakl y-coordi nati ng ani on as descri bed

above. All other synbols are as defined above. B.
wEaipgnsgse’ ed Car bocation and Silyli um ConpoundBCT/082008940903

Generation of trisubstituted carbocations and silylium

cations may be perforned befygre use in the

pol yneri zation or in situ. Pre-formation and

i solation of the cation or the stable cation salts nay

b c [ by reacting. the al kali or alkaline
egyté% ?rgﬁhagf %Jségﬁ?/ ‘%Prdt%}? m&ég}ﬂnﬁsc%i?r sdAboNg 4¥ ethensmbols
t hee ascdefihed pov@i ng hal ogen of the potenti al

carbocation or silyliumsimlarly to nethods known in
the art. Formation of the substituted carbocations or

sig Yd 1di, .« d | . .l a-simlar manner to stable
sglébdﬂg%{[édrwb%hé%tl? aid Sy 1%%he desired
tenperature of polynerization. The advantage of the
li‘%@% procedure is _that it is capable of producing

c ht i on&egpratipn of irishbeieted sarbocaiiongiasé sty cations may
ups Rkt l f1rst methaod. Jhe. cation
or S reoRnkd R RO BolyHitridhdl o0 33 | PiiSuiRponand
t golationtdfdke vation dritbe Wile chtmeyats mat bOscBplishe ByPRacting
( +ﬂ%18i+ 0.WCA) ‘al so work in the practice of this

i MTeHETHRT a{kﬁb&el hamgial, g3t 9f Hiscwedtly-cpordinating anioorwitls the
t berr@pbhdif CRNORAALS QY il qvRichi s

for msg andgvvhi C ca%%bgecbp geg{r@sé%ibgc %gp b ﬁ)éﬂ%‘#lﬁuflg%l.aﬂy to
RmetiRds dppwad e @, FOBRHHONGOA the Ribstitvesdedatb@atibnsGor $lylium

ip ?‘2 glre g %&t fgya %}{'11 ra{) 81%%16880 g}allgégsiﬁ?tggglg%ﬁglg (t)léﬁ%psggl jagd gt the
Ndésire@ gemnpdérefike6LpoliyMeritidn N IR dvahtagBR ﬁ{éelﬁtgté%rgéedme is

iﬁéor,por ated into the grow ng polynmer chain,
pthat & prapable ofymodpcing eathocatiananorosilydigua katfoms lotherwise too

DS 5 IR O BB A58 B VB o

wesdiohyis typivatly natd ingl ani edtiod svitheme 'WORIhaRewe rathislof 1 to 100
ot h+er s.)grbol s are as defined above.
(C™ or Si" to WCA) also work in the practice of this invention.

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

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

Ry

R ; {CH,=CG,)g=CH,~CG," NCA’
Ry

wherein each G is independently hydrogen or a hydrocarbyl group, preferably a
Cy to Cyqp aliphatic group, and g is a n integer representing the number of

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

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



[00120] Yet another novel aspect of this invention is
the active carbocationic catalyst conplex which is

wo eoomesBsahd whi ch can be represented by the fpPerubzes/ 040903
RL | R S (CH2-CXR)g -CH2 -C&X+ NCA- R3 wherein each
G is independently hydrogen qgg an aliphatic or
aromatic group, preferably a C1l to Cl100 aliphatic
group, and g is a n integer representing the nunber

of naQ un| 9 orated |n romn poI

e TR0 By Wk <o a4 Sy O G bR bon e ilb et smbols
tqnaas@ﬁﬁk@aaﬁky a nunber from1l to about 150, 000.
WCA- is any weakl y-coordi nati ng ani on as descri bed
above Al  other synbols are as defined above. Ce,
g [0013&% Inmsdd ition cationi.c .conmpositions of

sy um tin OV APEd QLI n VeI A B active
V\Achfbobditﬁ)n\/&?éhtﬂyﬁ% gl@@&}mhﬁ iefotme®aRl $Hi@Hcan be regregented by
cogy S|t|ons I ncl ude those which are represente
Hi#fa: R1I1 R2 R* R 3 WD 2004/ 058828

PCT/ US2003/ 040903 46 wherein R, R2 and R3 are

hydrogen, al kyl, aryl, aral kyl groups or derivatives
t hereof, preferably Cl1 to K30 al kyl, aryl, aralkyl

groups or derivatives thergof, and R* is Ge, Sn or

Pb. In a preferred enbodi ngent the R groups are a Cl to
C10 alkyl, preferably nethyl, ethyl, propyl, or

butyl . Hydrof | uor Soarbons Si 6@-122@ij@69)@| @Hzecag*bmsé\
are preferably used as dilpents in the present

i nvention, alone or in conpination wth other

hydr of | uor ocar bons or in onbi nati on with ot her

di l uents. For purposes of R?is i nvention and the

cl ai ns

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

preferably a C1 to Cqqq aliphatic group, and g is a n integer representing the

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

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

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

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

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

include those which are represented by the formula:

i1

R —R* —
2 R¥ TR,



thereto, hydrofl uorocarbons ("HFC s" or "HFC') are

defined to be saturated or unsaturated conpounds
w@orvgiseses1g essential ly of hydrogen, carbon aneiCT/US2003/040903

fluorine, provided that at |east one carbon, at |east

one hydrogen and at | east onefluorine are present.

[00123] In certain enbodinents, the diluent conprises

hydr of | uorocarbons represented by the fornula: CXHyFZ

wWheh@tin Kq,i ) and iRat agatydidgen) kv afd, araﬁiyn AR of &e¥ivatives

froml to 30, alternatively from1l to 20,

al thetenf preferhlylyfC (ot Clz f adkyllDaryl, atlleyl Ig&tupg ok Yetfivatived thefof, and

6, alternatively from2 to 20 alternatively from3 to

1OR* imGeebmat Phel In rpefeed embodimest ther Rfgrowisl are ar©midl Cp g

, Wherein y and z are |ntegers and at | east one.

[ cnihmwrefqrahksmeﬁtﬂl vehdxpapyleer butdh ude f1 uor omet hane;

di f 1 uoronet hane; trifluoronethane; fl uoroethane;

1, 1-di fl uor oet hane; 1, 2-di fluoroethane; 1,1, 1-

t rfydroflo@etdibors; 1,1, 2-trifl uoroethane; 1, 1,

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

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

2- opro ol . .

@bwl uor op o(|c))f<'}11r11(;lemca]ld??’.rgdelI % %S%f?%é opaﬁeas dil,uir-lts in the present
d| ihlenvioop radxprwwe);r in domHinationi fWithorajero pgdmifluorocarbons or in
11 trJfI 1,1, 3- trlfluropropane

ingtiop) i ﬁ\% Eﬁﬂ@ts For guippsqs| Qfdfispiypiios; and the claims

tﬁer%t@hyﬂﬁ]ﬁ@fdcb‘ﬁbﬁ@%‘}m? ol 'HEC")Lard defined to be saturated or
-tetrafl Gor opr opane; 2-tetraf’l uoropropane;

1 unsgiugiedeconapdunds cprdgimgesssentially of hydrogen, carbon and fluorine,

or.opr ;

1 o5 PR} el 8RARENT: Isibone nigsm s o last one Muorine
PGﬁépﬁg&QB/O40903 47 1, 1, 1,2, 2-pentafl uoropropane;
1, 1, 1,2,3 -pentafluoropropane; 1,1,1,3, 3-
pentafluoropropane 1,1,2,2, 3-pentaf | uor opropane;

3- pant

! R - DSBLSLLNEARRRE e s el orocaron

1 JEpres@itQl By thexfafrhular @;Hﬁ)zam;srein xlis hnZinfegdr Jrom 1 to 40,

tafl ropr pa 1,1,2,3, 3, 3- .
ea‘éu% Eéﬂ 58 altqmaaw b%‘i"éhi to 30+ lirspagyghyafsam 1 to 10,
1 alteﬁiaﬁlvél? rfﬁﬁh'tlaﬁ)eé ai]lte%*iatﬁb Fyl HSh DY 80 Giternatively from 3 to 10,
di fl uor obut ane;” 1, 4-di f Fuor obut ane;
2 @temaflmlw fobu3d ahé, sz,t Prefexiably foom b uo énwherem y and z are integers
1,1,.1- trl fl uorobutane; 1,1,2-trifl uorobutane;

afdélt Pf’tfqnuor obut ane;

[00124] Illustrative examples include fluoromethane; difluoromethane;
trifluoromethane; fluoroethane; 1,1-difluoroethane; 1,2-difluoroethane; 1,1,1-
trifluoroethane; 1,1,2-trifluoroethane; 1,1,1,2-tetrafluoroethane; 1,1,2,2-
tetrafluoroethane; 1,1,1,2,2-pentafluoroethane; 1-fluoropropane; 2-fluoropropane;
1,1-difluoropropane; 1,2-difluoropropane; 1,3-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;



1,1,4-trifluorobutane; 1,2,2-trifl uorobutane;
1,2,3-trifluorobutane; 1,3,3- trifl uorobutane;

wQ@2@4854828 f | uor obut ane; 1, 1, 1, 2-tetrafl uor obPEENS2003/040903
1,1,1,3- tetrafl uorobutane; 1,1,1, 4-tetrafl uorobutane;
1,1, 2, 2-tetrafl uor obut ane; 1,, ,2,3- tetrafl uorobutane;
1,1, 2, 4-tetrafl uorobutane; 1,1, 3, 3-tetrafl uorobut ane;
1,1,3,4- tetrafl uorobutane; 1,1, 4, 4-tetrafl uorobut ane;
1, 212,53 &k, 59Ut ane; et r af | uor obut ane;
1, 2,’3’, %et r a(JIKH& }gag%t ane: 1’% 122 %pﬁmtaﬂll?rg?]foﬁﬁ?%but aret.1,3,3-
%I@ BuflBoropsipand;| ud!?@mpaﬁl%ﬂudmpxbpane 1,1,2,3,3-pentafluoropropane;

af L uor obut ane; 1,
1’13 éi%iﬁngqﬂggyogmagﬁe 1 3[1,1,_?L 3,3-hexafluoropropane;  1,1,1,3,3,3-
1 or obut aR
Iex ARR r@}ga{nE £79.2 éé 3= hephtﬁl(’og(mr@(ﬁn&but anel’l’i 2.3,3,3-

-pent af | uorobut ane; 1,12
1 hemtaﬂuqmpﬁmm | dfﬂluiwbm:me 2 ﬂuibrol),u%.t@ 1,1-difluorobutane; 1,2-

a oro 1,1,2 4- pent af | uor obut ane; 1,
@‘)f%b“*%@nﬁﬁ-?ﬁﬁ%m%qe L4 diflupropuigne; 2,2-difluorobutane; 2,3-

p&l‘ﬂﬂllﬁj‘rbmmbqtlapﬁ. flubrdbuar; 4;1 ut
1,2, 2, 3, 3- pent af | borcr)buta pfﬂhﬁjolr&%&% laln§’C1f1ﬂuorobutane

11504 tt:gﬂ@.r@lyﬁm| ud;ngmﬂmpbmanej, 1,23ZiBuorobutane;  1,3,3-

1%?@5 55’@51%3 bR u%ﬁl%cgéwﬁ &4 DR eotonat ane 1,1,1,3-

1 t&raﬂuaroBuﬁmheM@lf,l,HQE@M%tanel 1 1-'2 ,2-tetrafluorobutane; 1,1,2,3-
%l - hexaf | uor obut ane; 215

1, 1,
tegra ugrofutane;| Jel 2)ﬁL’netazrﬂgxorq_bu;[an;e3 31,4,3B-tetrafluorobutane; 1,1,3,4-
ijéﬁléglﬁuglf?)%?t%ﬂ%egzlﬁ u-té‘tr%‘lut%r(%él%angexlaﬁ E%-tetra G0k utane; 1,2,2,4-

oro
1tetrafp@roButdndyex &f 3, Bactedflioasiane; 1 2.3, 4-tetr2ﬂuorobutane 2,2,3,3-

1 2, 4. 4-hex f r obut ane; 1, 3
h%%félﬁfl?@%tﬁﬁ? Janek »ﬁi%ﬁeréaﬂtuoaommﬂ udrlebBareatafluorobutane;

11?1 122 31 nﬁﬂﬁ@r&&ﬁthﬁ@r obut g
1 p% 3, 3- hept af’| uor obglﬁef3 3-pentafluorobutane; 1,1,1,3,4-

ﬁpqptq_ﬂ@r@uz]am hehi 4t4, Mcmbﬂu@nﬂgalie ﬁ 1, 122f|23%)eﬂg;1ﬂuorobutane
t i ept af | uor obut ane;

ﬁ? ,Zai g%gﬁt%ﬁﬁorgﬁlgﬁ €f | uor (J;blu% gﬁepen‘@ﬂugrobutane 1,1 2 4.4-

1pe21taﬂmdbukmt afi vgragh LRRS

h? a{ | uor oput ane; ? uorébl%m%& 4- gg?é?? nglrltgglu?rgR%tane
8.5 & pontaflupraniiss af | uérlob&ﬂéﬁmaﬂuorﬂ)butane 1,1,12,2,4-

1 ctaf! t

olg%gfﬁ}lﬁgr&géﬁe?ang ’1%9% %{%%uw 2’74%& ZTt %?44J6qxaﬂuqrgh@)me

11,1,12.94+ ﬁe&f&oﬁob@ﬁ‘ampnaf | yDI1 BU-BERflucrobutane; 1,1,1,3,4,4-

3, 4, 4, 4- nonaf | uor obut ane: Y

]h?(ﬁ]éB‘FBg‘ﬁar}f’et h]y b d‘p‘ﬁ‘h@‘a uorobutane; 1,1,2,2.3 ,3-hexafluorobutane;
11 ZTQ 3 h%%%%rﬁ§ﬁ¥l prog %2 hlﬁ?xaﬂ]uf)li?g};tgn% wo L:1,2,3,3,4-

uor o- 2- net hyl prop ane
Mqﬂmse@z@epm/ Iusz G%h@é&ﬂﬂ@ﬁ)bufhﬁe ;met byl ps qgﬁ:&@ﬂuorobutane

(lr’ﬂ’lﬂ%r% I}%gﬁgg‘lb?%t}létﬁt hyl P[ ?% A 4-h]épt?e’1ﬂgl)rf’olbgt%g 1 ,1,1,2,2.3 4-

et Sl

.1, ptafluorobutane; 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-



met hyl pr opane;
1,1,3-trifluoro-2-(fluoronethyl)propane;

wa204/058828- pent af | uor o- 2- net hyl propane; PCT/US2003/040903
1,1, 3,3-tetrafl uoro-2-(fl uoronethyl)propane;
1,1,1,3-tetrafl uoro-2- (fluorgnethyl)propane;
fluorocycl obutane; 1, 1 -difluorocycl obutane; 1, 2-
di fl uorocycl obutane; 1, 3-di fl uorocycl obut ane;
1,detBvI orocycl
trlflﬁgﬁzggglobutaggpy g é°§%#¥@%%¥° dlobutanb3‘hﬂw“°2'
1,({luoromethstpedpianeriok ¥, 6+telmﬂmm&—2—méthyliar@aﬁe 1,1,3,3-tetrafluoro-2-

: t’ﬁé@%@%oﬁﬁ?qﬂﬂﬁ%@%ﬁ%&sw&ﬁéﬂ)ﬂrwa@; 3,B1,3,3-pentafluoro-2-

pendtaylhiepaes ¥ ol DB EMRorol2-(Aud: -
i hexgi ]bﬁ)(gr ocy e o aneor { )] ogrgégﬁpropane 1,1,1,3-tetrafluoro-2-

héﬂg@rpg)@ﬂwayrgpgm;t arﬂ;lorocyclobutane 1,1-difluorocyclobutane;  1,2-

U cI ut ane; 1,2,2,3,3,4-
dﬁ}‘?ufr{;'dgr g)c{/&g f[lmtcgﬁ 8¥1°8 t%ear]eézttﬂéP@Bché‘Pmﬂane 1,1,3-
| rmaﬂxntﬂb lobukdntly €152, 94 ﬂﬁkﬁ%
oj?\ﬁ/%:ﬁt%rt i cular| y grrlef er?}tedé%%%gskr 27 %ﬁﬁﬁﬁdr@%%lobutane

Srttuneasaclobytpye; uorbh@t%p@ﬁaﬂuoiecdflcfolbutaneget hayie,3,3-

oet han I t hane
pémt&ﬂu&r&jcﬁu i ug’r oet ﬁahze?fz 3%%?%@]"%"”‘3@?‘%&% ve L1.2,2,3,4-
ehexafluemcyélobutaiat; ur atield2 BYA-BELNIRbRRAEIIARSE; NC! UdE2 23 3 4.

\ fl uor 1, 1-di f | uor oet hene;
h‘ié([aﬂ‘fqrﬁ‘t}’f%g’f‘ﬁéﬁe and mixtuyres hgispbeanseniocluding mixtures of
f LhQhRRESPARE!S @eélcrlgbé | l%éf&gpr Olpa?fq&llargle r;Péeferred HFC's include

1, 2-d|fluoropropene di Tl uoropro
2 Ia‘]ll@I(meIhﬂTl@prtoqﬂanmmeﬁ)a’ﬁem I lummmsnmae 1,1,1- trifluoroethane,

1 |quor trlfluoropropene
ﬂélénF aPFﬁ@FﬁSngZ?BﬂhT“§M§mPT|fIuoropropene 2,3, 3-

fl uoropropene; 3,3,3-trifluoropropene;

I

uor o- | -but ene; 2-fluoro-I-butene; 3- fluoro-
Qﬂe; 4- Hué@"ﬂly-e gxanplese g ; un&atllrate«ﬂl hydrofleerotarbons include

1€5%S’§ Ord%er og’;l gillgllﬁog%t@e% d]i$ gﬁi,oaéqtheg]gt elnle2-tr1ﬂuoroethene 1-
2{l@ordpropers; 01 J1- diﬂﬁc&ﬁ éncd- dtdiBeEBplopeklt €Re;

23 dgﬁ'lf' uor o- | - but engrOPS 4-di flluorol?lo- gu ?@ -difluoropropen;
4% FTORIPBENE: by Pehdiflugropropene; | fﬂ,dlé’rfa)lﬂumroi)mneaae 1,1,3-
Ll or o4l 4tr 0- | - but ene;

150 rdpﬁplfe]b 9uor & zijogu%(rr:o r&;i S 4ot %’ l%’ﬂ%P‘?)mpmﬂi’E‘?eene 2,3,3-
1iriglugroprapehesol, 3_1,3+t1=1ﬁud>lepﬂ),‘peﬂc 3]-Aoror I-blted; @-fludibl1€h@ene; 3-

fl 3- fl | -b
A 3 ARG 3kt oo i it

31,3 diflordfrbpkae01) |4 d?ﬂﬁ(?rﬁel’-bu?’ceﬁe 3- gfﬂéﬁo-? l: 3 Q%ﬁ 0-1-

4,4, 4- trifluoro- -butene; 1, Ubro
hiiknend3-diflyorp: ubutcreec B;ﬁﬂf-dhﬂuom-]lbmﬂnem% difluoro-1-butene; 1,1,2-

fl but
]tr%l é‘rosl' P@%ﬁ%ﬂ 3, ¢ 6’[ ﬂuBfﬁ-g-lngtene 1,1,4-trifluoro-1-butene;  1,2,3-

]trlﬂluélt,o41—-bﬂéﬁ@f | UOpACriftuBk-8BRiene;  1,3,3-trifluoro-1-butene; . 1,3.4-
etrafluoro-|-butene: 1,2, 374-tetrafluorozl-""

Bﬂﬁlé?ffé - utones 41.¢drtiiflupreot-butentiut @fed-trifluoro-1-butene; 2,3 4-
rifluckodr Bl?[&ﬁéa‘f | i"@rﬁlotrlﬂqlorobij% {éné 3?3,4—tr1ﬂuoro-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-

-

tri
1-f

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-



WO 2004/ 058828 PCT/ US2003/ 040903 49
tetrafluoro-1-butene; 1,4,4,4-tetrafl uoro-I-butene;

W@ 284858828 et r af | uor o-| - but ene; PCT/US2003/040903
2,3,4,4-tetrafl uoro-1-but ene;
2,4,4,4-tetrafluoro-1-butene493, 3,4, 4-tetrafl uoro-1 -
butene; 3,4,4,4-tetrafl uoro-|-butene;
1,1,2,3,3-pentafluoro-I-butene; 1,1, 2,3, 4-
peettaﬂdom}ﬂ utche; bUgBietrafluoro-1-butene; 2,3,3 ,4-tetrafluoro-1-butene;

2,4 4- ntafluoro | - but ene;

213 4 Adetnatione-A fhuigsen - 2.4, 4etrtediaduoro-1-butene;  3,3,4,4-tetrafluoro-1-
1) 4 Q- -but e :
1 oo 4 BeneEpiRb il ST 35 pensatugpo--butenes 11234

pqmn’aﬂhmmﬁbbuﬂ:ne but GE,QGJEA pentaﬂuoro I-butene; 1,1,3,3,4-pentafluoro-1-
oro - but ene

tafl
bgteﬁleﬂflj %ggtpgpqa BT8= ]| butghg; e]ng4 4,4-pentafluoro-1-butene; 1,2,3,3,4-
2 | ups q-
p%n%ﬂﬁtfmﬁ) %Eﬁt%géf ug?g_4éf H]tgﬁl?oro-al -léut%le 22:4:4,4-pentafluoro-1-
pé)nteafzsl 23134, érl]-pbmtfaﬁmp llbdtmﬂa 2,344, mmﬂum o-Hutdne! 813¢4.4,4-
4, 4: hexa

1 pih‘rﬁflﬂbr&? 14b’1’1t89<eaf :l E gr,?b?» £ h‘g filllfgo 1-butene; 1,1,2,3,4,4-hexafluoro-1-
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) Dbt o G - buicis: Ao b PP Rion AR 1,1,1,3-
1 telrafugrot 2buRhé;Uor 014 t@ﬁlﬁﬁﬂi@o 2lputent: 31.1.2,3- ﬁe%aﬂtuoro -2-butene;
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1 4 ty af 2-hbut ene;
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herefd ddithed-Bgene; 1, 1,
1,2, 3,4, 4-heptafluoro-2-butene; 1,1,1,2,4,4,4-

hept af | uoro 2- but ene; and m'xtures t her eof and

glll tures f .sat ur HFC s descri bed
aG@ g [001 ]onf: ne 1@%’(0 o uenf HOMTISgE fon-perfluorinated
CEITRpIBMES HORhPKTubOkd rhatn%ﬁ-pemﬁh%qs dfffent ne cf‘é&ﬁ&b%ﬂ}ated
IS a non- Eerfl uorinated diluent. Pertfluorinate
compounds being those compounds consisting of carbon and fluorine. However,
in another embodiment, when the diluent comprises a blend, the blend may
comprise perfluorinated compound, preferably, the catalyst, monomer, and diluent

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



conmpounds bei ng those conpounds consi sting of carbon
and fluorine. However, in another enbodi nent, when

wao b@4gsdseent conprises a blend, the bl end nay PCDOR2003€40903
perfluorinated conmpound, preferably, the catalyst,
mononmer, and diluent are preagent in a single phase or
the af orenenti oned conponents are mscible wwth WD
2004/ 058828 PCT/ US2003/ 040903 50 the diluent as
gﬁ%% gilh%zlﬁ iaé &eschB fgﬂﬁér%ejtaﬂbc%ooq)é\’olr{ &o?lge?tepn%%diment the blend
crhayr alfd uompusa' bhinmf(uﬁﬁﬁ'aﬂ))ms (IEF(E'bpSﬁ BT HdBnds con81st1ng
consj st.i n of chlorine, fluorine, and carbon. [00127]
| P §h%flﬂgal‘5’ﬁ‘88mb°nv\hen hi gher wei ght average

. nol ecular weights (Mv) (typically greater than 10, 000

referably nore than 50,000 Mwv, nore preferably

miﬂ@&ﬂhan 1(19 E@l@ﬂleMﬂ)nlden&iEswhem higher tvediplet gidrapenindlecular
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gr eater. than 25,” nore preferably 40 or nor

aflygreqasbanswith a dislestridl constaet gif'lgmatélt than d@lak y85°C,
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aleslar veighs {tvpially dowerothan ﬂ@:OO@H\é“dlmfembm Iess than 5 ,000
canst t N1 e
rre@gi ulrﬁgltrer:e n%fse}{)bﬁy ?éhéeﬂgjgg édc?:at a?}v ﬁesne%g}} a(thlgftrlﬁlch%ant may
chpiess than 10} mﬂar ading largeh emdivhts @ ini(iATERSUFREfeY 8bdH when the
Cg% n are Qaf}e“tj f knovvn dielectric
;etc i c%ﬁ al u e leckifg conptagt rof (thadiluent ep is
[ derammined ﬂ'b%ll Weabtbments rbfecﬁé: Qaﬁ&%@% &f gﬁﬁ?&ifegglate gapacitor

capaci tance CMis given
ditemersed i the rkiluemit [rmasmmé vialugi €p], nlnwlmrejf&rdnhe fluid of known

CERRELHorl ! ST, Gt Bk 050 5 b BB Bt
nhﬁmah easerthe nicbhured capad@McdT\1iB 8ivka b A E=d %;A is the
CA Al'ternatively; a pufpose- f

{CFE% éﬂfc?lf the ﬂuwb inswhish Hbs eapactiet isimerersed, Cc is the cell

5‘2{%’5?2%’%&8 OF &b Y By BB thepizet & is
dgizte dyr the ﬁammstaamq{(QEEgéApst ar flewcp)/esied). di |uRRtSivaly, a
i gurgos!esblpf:t ?1¥s|tr(1jlre}1%ntbseulcﬁ 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.



and graphically depicted in Figure 1. W 2004/ 058828
PCT/ US2003/ 040903 51 Diluent sat -85C Methyl
w@hdoanssses 18. 34 Di fl uor onet hane 36. 29 PCT/US2003/040903
1,1-difluoroethane 29.33 1, 1 ,1 -trifluoroethane
22.18 1, 1, 1,2-tetrafluoroethane 23. 25
1,1,2,2-tetrafl uoroethane 11.27 1, 1,
1, 2, 2-pent af | uor oet hane 11.83 [001281 In ot her
enbodi nents, one or nore HFC s are used in conbi nation
wi th another diluent or mxtures of diluents. Suitable
additio .l uents include Hydrocarbons, especiai]y
hexanes ghggﬁeptanes, hal ogengt ed hydfé%ﬁﬁﬂéns,

especi a chl qri.pat ed hydrocarbons and thetike:
Specifickéﬁﬁﬂﬁﬁ8§g?nclude but | are not 18i3fited to
pr opane} _i sobutane, pentane, 1ethycyctopentane;

i sohexan@wromehana pent ane, 3- net hyl pd6t28ne,

2- met hyfbutame,—2,2=dinrethyt-byt-ane—23

di net hy] blitdiffworogthanst hyl hexane, 3- net hybiséxane,

3- et hyl pentane—22—direthHpgentane;

2, 3- di net,hyHpénomethan®, 4- di met hyl pent ang,183, 3- di netjhyl
pent ane—2—+ret-hy-heptane—3-etthyl hexane

y L A=

2, 5-di net, by |2nexafteorogthZde, - trijmet hyl pengage, oct ang
hept ane—but ane ethane nethane, nonane, decane,

dodecankel, 1 apdesamsrofgxane, nethyl cychghexane,
cycl opriopane, cycl obut ane cycl opent ane,

et hyl cyci epenbaifiuckoettaedi Mt hyl cycopentane, cis
1, 2- dilmethyl cycl opent ane,
trans-1, 2-di met hyl cycl opent ane, trans-1, 3-

di | cyclopent ane. ..et hyl cycl open , cycl ghexane,
né?‘ﬁ??iéycl ohle gtglﬁre?mg%dé??f@%’eq%t% |ﬂgfgﬁ i—ﬁ'&@ p@nlés’eg m combination
omtithcansiHee dituenpdf Arixbuk@NST, difBhS- WHEHE ad@8ndiNEluents include
hﬁl@égf enat ed versions of all of the above, prefer a% y

t

FATBYISH a‘iséﬁpi‘_?/lé)f Slileéﬁ%esofd_n@ hkeptaitssy dalogonged hydrocarbons,
géﬁﬂ%_@iﬁﬁ? Eﬁloﬁhé&g& !hggfso%grrbxg] ﬂcpgx% lﬁ<fe. aééegﬁfscoé%g@?%ﬁfﬁahde but

rom n.a. > ver sl ! e above ar !
Speeciot ilimied doprgmne nisdhidee, paitine nelyeyél@psntane, isohexane, 2-

methylpentane, 3-methylpentane, 2-methylbutane, 2,2-dimethylbutane, 2,3-

dimethylbutane, 2-methylhexane, 3-methylhexane, 3-ethylpentane, 2,2-
dimethylpentane,  2,3-dimethylpentane, 2,4-dimethylpentane,  3,3-dimethyl
pentane,  2-methylheptane,  3-ethylhexane, 2,5-dimethylhexane, 2,24,-
trimethylpentane, octane, heptane, butane, ethane, methane, nonane, decane,
dodecane, undecane, hexane, methyl cyclohexane, cyclopropane, cyclobutane,
cyclopentane, = methylcyclopentane, 1,1-dimethylcycopentane, cis 1.2~
dimethylcyclopentane, trans-1,2-dimethylcyclopentane, trans-1,3-
dimethylcyclopentane, ethylcyclopentane, cyclohexane, methylcyclohexane,
benzene, toluene, xylene, ortho-xylene, para-xylene, meta-xylene, and the
halogenated versions of all of the above, preferably the chlorinated versions of the
above, more preferably fluorinated versions of all of the above. Brominated

versions of the above are also useful. Specific examples include, methy] chloride,
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chloride, ethyl chloride, propyl chloride, butyl
w@hdoanssses chl oroform and the Iike. [00129] |PCEHOSI00E040903

enbodi ment, non-reactive olefins may be used as

di luents in conbination wthsklFC s. Exanpl es incl ude,

but are not limted to, ethylene, propylene, and the

i ke. [00130] In one enbodinent, the HFC is used in

cantthylané ohlovitié,hethyl eibedd, Nabe dNGHRC BLEP rbh?dfg%, Wloroform

met Hyl chlori de. Additional enbodi menfs i nclu usi-ng

t FEdiediken conbination with hexanes or methyl chloride

and hexanes. In another enbodi mrent the HFC s are used

in conbination with one or nore gases inert to the

pdD§129] i zat lonareteh asbeimbon hndshdRe Glieﬁﬁé)%gfy be 4 }Jsed as
and/ or

hydrogen, argon, neon, helium krypton, zenon,
ot“&p Fﬁ%FPmég’é%%n Ptk HECes. pEsaraplapiinelude; gui arcatotdimited to,

t Qe r 1Bhe, afd BleQlleed gases include carbon dioxide
and ore 1ﬁii%?:;r’ogeen. [801(?1] I n anot her enbodi nent the

HFC s are used in conbination with one or nore

ni d al kanes, incl.uding Cl tog COnitrated |inear,
cJ@:‘fll%@Fo_r b&%rf’d’ﬁe%mg%‘ihwgﬂfesthe PAEC elsr Bipdnin cambination with a
alclfiastell NEY di6@rbdAU lsudk Cas Hletlhy MG, oAr(]imtfrorn%g%:ngﬁgﬁhents

ni.troethane, nitropr opane, nitrobutane, 0
nittlésleensng thaiHEG e proarinationi with dekams, omidetindegdadifie and

ni n i.trodqdecane it roundecane, .. . .

n;htte%aglg%:ﬁg%%ott o1 r?ren’cf)o%r{n?ng Eﬁgﬁcﬂggs%ﬁ g§ed in combination with one or

ninfar®gases FRFAP &RerolyihériAGYE s@Hs@BBon dioxide, nitrogen, hydrogen
ent ane, nitrocycl ohexane, ?

ni trocycl oper

nﬁgloaciy/‘?ﬂ“o E%lﬁ’cl%tnl@yptﬁﬂi FOORCcimsiben ether, inert gases that are preferably
NiitkQCHC , 0 ngnane, . ..

n %lglélgc%c%%g)zggnrg?&%f't ?%g{/ec eg UFGEE istnde ¢arlpon, digrridenand/or

androgee di - and tri- nitro versions of the above. A

preferred enbodinment is HFC s bl ended with
nitronet hane. [00132] The HFC is typically present at

10023100 VOt BRABESntRPhe t}iﬁgs %r%g@élcbiéocl(/)g %Eﬁ%{o&;vaﬁl one

diluents, alternatively between
aft Bopmpitiptedyalkresdoaludga®dtol 0Q nithtgddinr, cyclic or branched

T R AL P
ahitreethaid, ighrypropinee eftrébutane, nitropentane, nitrohexane, nitroheptane,
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.

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

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



and 100 volune % alternatively between 30 and 100
volume % alternatively WO 2004/ 058828
weERONANSBeO3/ 040903 53 between 35 and 100 vol uPET/¥$2003/040903
alternatively between 40 and 100 vol une %
alternatively between 45 and 5400 vol ume %
alternatively between 50 and 100 volune %
alternatively between 55 and 100 vol une %

allieewaeamfvehd/ 1betvoheRe ©
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"BPARYSLY F‘%;Vﬁ’e@é'twl%vammelﬁo altetni®elPbetween 50 and 100

akbRfnAdl Xﬁe}r}{atgféz}y\ge%n 75 1&8v&8}r§$ ;]gernatlvely between 60

alternative

alatlcé rlﬁatvo‘lmhg/ YR edlivaetivel @ém P85 44! o
alter natj veI @gtvveen 9 andelog VO I%E }){%me %, alternatively
art é‘feﬁ%t dz Vakee %5 altam&mtﬂ@ hwivwmew/qand 100 volume %,

ah a voI une %
Hﬁﬁﬁ’[ﬁk‘!}” Bét%egg%wea%ﬁ ) i cg Oa%pgﬁglw@etmqm 85 and 100

alternati'vely et ween

Velumedp alteimativelyieenc P
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nore ¢ Iv8wl}?al/ ed YL debisres. 97 ancii00 heluris of dlfeBithtively
ebéméemhnd heo Hﬁ&n’es% dea%e %tlgz%lp"fﬂ E}g r@t%’én@o volume %.

CI%I’]SI sti ngﬂf ofmbdléitlmuor onet hane
1118 grefeiet swbhdinent thel HEC iy blehdar @gihh
].}R%-(%c%h{o%£| aor oehFa nd m xt Sr es t htglr%&‘eor ?8)83%5 oripgted
er enbod raq:q geked lmena theuBRC isi selagted fr6m the
seber tadistin wdl URPEmME in .t
gFe tain_ dil %enté ar e s%lghes%ﬂ%rh thah B Cﬁg]?.loroethane 1,1,1-
BRQioP ban ARG bt 12 imm@ubiot thane mmt@@g #hiddety in the

pol ynmer. Solubility in the polyner is neasured by
formng the polynmer into a filmof thickness between

4001338 100 Imianohes embb@EmesL el Bhcht of Bl etk S09HIN 4

tb91 over the for 4 hours
el Upon, 1ts ﬁp{llhglt}ﬂllp uBaitrolangros €drtdun dibems 46 "RAILK Wi She
orn&@ P e exce di l.uent fromthe

fp y %f&?&ﬁdﬂ&nﬁvﬁgg ﬁlg iﬁ) ity dn the ol Vipetak®olitility

surface of the m an

defhenpelymsr tig anqasureé rﬁyaﬂﬁ:ml_lrl’gC ﬂﬁa?&yin@r 506 a fﬁ'hlnnz)fmﬁng(ness

The diluent or diluent mxturé is
B %‘%é?ﬁ@%@ Eg‘? yigrans, than,sealring itsin flilyentenmpigh ke cofer kRS flm)

fdnamhdum/ta?/wpcrcef ahaliih s % referably
%ess than 2 W% prefer ab ﬁmtvg(ﬁgm?'hﬁ%‘? qﬂ%&)’exﬁ% to room

et | for Pg§§cqn|damo e@a@raﬂe %xcdsd Qitiadit 1fr6‘math9 sGHES 6Fthe

t di | uent or. uent mxture is
8D %HWéhed hﬁw mass upt’[ake is glel‘med as the percentage increase in the
film weight after soaking. The diluent or diluent mixture is chosen so that the
polymer has a mass uptake of less than 4 wi%, preferably less than 3 wt%,

preferably less than 2 wit%, preferably less than 1 wt%, more preferably less than
0.5 wt%.

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

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



sel ected such that the difference between the neasured
glass transition tenperature Tg of the polyner wth

wo ewg/osdsa 0. 1 Wt % of any diluent, unreacted PORURBNE040903
and additives is within 15C of the Tg of the polyner
nmeasured after it has been fserned into a fil m of
t hi ckness between 50 and 100 mi crons, that has WO
2004/ 058828 PCT/ US2003/ 040903 54 been soaked in
di Beep wbakied Mo dijiient (enoopteto ddver thilfilk) &4 Houtor -S758E, The glass
-75C. . The gl ass ransition te rature i s determ ned
;ﬂadﬁSﬁlPart%mWra‘iur%Eaf%ﬁ?rﬁﬁn@a'Psb i?éé@mgal e@sEng calorimetry (DSC).
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s BT TERL Bl R LRI SIS 1205,
N@&Eétﬁk& Td ﬂhé anle Meltriuls jl’%ﬂﬁdel}?fﬁa 19623 1-93331 S% Isgrnple is

is repared as descri bed above, sealed
afnrepar akdesgribedtaboee, l@@ﬂbdsampb(hatepmfter amknlr@mm aIDSﬂJsample

t t t. b diately..b
¢ tneth, BETRRLS N Er i erating ety -sh Feuimmiaghebetore the
WD Mndadbretent aPhefRfaBB! the 'Pé afaledllry Wikilihi 1@°é1& &lch other,

each other, preferably wthin 10C of each ot her,
priseferakbl yithin Hil iC o QﬁChe@tbﬁ, aréferablypmathir A0PG ofi ¢dvhnother,

ot Per SR il R B GoF R ahieRbly Sruph, EFF P tmer
5@reﬂera®l}c |'W1ﬂii1|ﬂ €1°C of efali althet, WréfBiably} Giftin €62¢h 0Pt dagh other
y W.thin 3C of each other, preferably wthi

prefer
3@r%fprag chvitimey’'C ofreasla rofhery DiFferbly aathan ! I@f oﬁahbrother
pr, h P I on
o%fglgggj é%?%%m gh éf %ﬁ\% nctﬁﬁ%h p?réafgl%%lg “?ilg% ced eaCh other,
cqmtfembtym1ﬂand°6a>1f eichprtherepefesably ﬁtinﬁﬁrhlﬂc (bﬁ'&ch Bthef]t i on
may be practiced in a plug flow reactor and/or stirred
tank reactors. In particular this invention may be
PrRtih&edtibMPrdesdsy! reactors. Il lustrative exanpl es
i ncrude any reactor selected fromthe group consisting
~of a continuous flow stirred tank reactor, a plug

f JQ(Y‘.’[ ?aCt orTheE}n\%?l%/l %%agenerpé%c&csé n %)gl%gﬁltlsoz{nd b%t(jhegrogersses.

&' reactor
alfuetherf the geveatiea nkgi Bd Mectid®@ah alBa€ Fotv reactor and/or stirred tank

reactors. In particular this invention may be practiced in "butyl reactors."

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

pool reactor.

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

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



[00136] I n another aspect, heat can be renoved by use
of heat transfer surfaces, such as in a tubul ar
w0 e@ensss28vher e a cool ant is on one side of theP€TD820851040903
the polynerizing mxture is on the other side. Heat
may al so be renoved by evapasating the polynerizing
m xture, such as may be found in an autorefrigerated
boi li ng pool type reactor. Another exanple, is a plug

f |puccedethediph thbhRacoR RRGthédXafipld BevHRAS HIFR(S réﬂnﬁged in a plug
m xture i s _evapor at ed as the m xture WO 2004/ 05882

pélovesagion foaeshorfacshest Farstersusing enolpmt oh she ethert smle of a heat
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Anot h
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WHEE Sedcibn gkedé@@st / @%ﬁﬁgﬁ%‘é@hya U ShV e S suchPrea%sd by
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o P e SR Pl SRS PUNERT HPTOfHES OGS eibeh 9 of e belt o
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and the polymer is produced on the other si
behert oesidenagnyimeAmdietee the ypeoofery dilvemr and catdlyet <ystem are

R T S A S A
arlerouglotheinagsle aﬁhlghreelbefty or nozzle and the

pol ymeri zation occurs as the m xture passes through
the nozzle at high velocity. [00137] Preferred

r é\?tﬁ S ' n%&gﬁe& Q&tc{oqy %ﬁu& izatiill((%{l]sr %?)w erdnmsl}j reactors,

act O er oper ati ng
mwiEthean;iemtm hebatcper edmtmgomsnmadé aihld wivdthid? opBrating in a tank

agi.tator .or in.a tybe e reactor. Preferred reactors
%\Q hRgitatns OFé%EIt‘g?e éyrr%érf@rt ResTeread isagtois alsognclyde mastors
ORviRRER! sy RériAtibg %cﬁrﬁ %ﬁs&ﬁ) sidd! Bf @Cfe f"ﬂgnstf&e?urface and the

cool ant i's present on er si exa
r selar isnhesent t b ds oth@ntsadem ra’gl cwhplatlsrwmeacm'rr xzrheﬂehmbes

o R NS T A T T
C oRluibe WherR RS Folymeffhtiol DcOts %ls‘iii% aPtfubE BRd HeRR ojaRt ﬁ present
shell. [Q0138] This invention may al so be practiced

ban e Quiside ot e fihsre ashell.

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

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

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

contemplated such as a solution polymerization process. The polymerization

processes of the invention may be cationic polymerization processes.



nononers, diluent, and catal yst are charged to the
reactor and then polynerization proceeds to
we ovplossseon (such as by quenching) and the pol ReEUS1083/040903

then recovered. [00139] In certain enbodinents, the

invention is practiced using g slurry polynerization

process. However, other polynerization nethods are

cont enpl at ed such as a sol ution polynerization
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PIBRERA, TP bRk g BEORRERRR Ll e qu whegp the

2 &&ﬂaﬂﬁkﬂiﬁ&ﬁﬂorﬁéﬂ' /0S200RAD 4&9@&5&1’5 Gn[D @ﬁhélélplid@e OM@eferably, the
nmbodi nent.,, the polynerization is carrjied out where
HROLYeHZfign i carsiin a608tipNqus @R YIRGrEaHOERIORESSi R Wlich the

Si p f.ena the r

ca%ﬁlis& BRRBmeREF Bt e 8 prin P04 SERIC RS, Tn sty

V\,fpoclimﬂﬁmtlon,athalnwtomem ratatys{(s)) anthlitdtiatbf(sl)ee[ré aﬂrrﬁlsmble in the

pr ent as.a single phase. In slurr, pqgl ynerj zati on,

P ETEEh ah i Bet Ao o) Constuty i irale Spds WG dhq polymer
m}ﬁf@élpﬂtz&esi frofh@e dhbseRith %’bo&“s ﬁt@ﬂﬁoﬂrﬁﬁuﬂ@ 'difueft: » Desirably,
constitute a single phase, I'e the pol yner
prreémqutqartms pblyorer t"hwel&ng'u@txlubmd gs)mm@eqahbgthtﬁm or no Tg

he di t d
~ b gt of BRChaty B e s roih G8es) 3t HPRAE RS phovn in
TQT ig@d [T EBi, PblyaerizeordiRl HERIuais 0P thd preden€ ientiéh provides
di | uent mass uptake as shown in Figure 2. Thus

pdPy highi pelymesh cpicentietian foubnthgndipd tahéO‘E rasepity with good heat
i 0 | f g centr tion
o ey aefeBd| Bfor Bhuf ) BoRBa MRl “RIGRO R P8 e
r ebneaderce axftsnbsehoeﬂtlreggtlohﬁ ye neodiedl yireiel readliing golymer
and/or the convenience of subsequent reactions to
r A8 Fectly on the resulting pol ymer mixture.
[ 001411 The reacted nononmers within the reactor form
part of a slurry. In one enbodi nent, the
cdﬂ@bﬂﬂ rati thecrfeaCttfbdanmubmdls withih lee shetor gorinSpammeaal sltlﬂy In
t r n 10 vol % anot.her .enbodi ment
Fibbdimety 57 cde Gich o anES R 96“5’%1.5 EGu 5 phareater
t hﬁ‘aﬂ B@%l% BOARkher @nidbdEMeRAURE cdt@RirARnVT! %’hdé h thESlurry is
anot her . enbodi ment, the concentration of solids in
t HEesepyy iR ythe srepeier egthgln tpror egrgater ttban?525 vol’8s [m yeetanother
a%ﬁiﬂﬁg{r?%ﬂgﬁlg'cgﬁ&%ﬁa{l&? of SA&RHL" ﬁé S u?ryolfs less(s)ltflzgnsorI enqual 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



in the reactor from1l to 70 vol% In yet another

enbodi nent, the concentration of solids in slurry is
wpe@sesis28 n t he reactor from5 to 70 vol % | n BEL/US2003/040903

anot her enbodi nent, the concentration of solids in

slurry concentration is presepgt in the reactor from

10 to 70 vol % In yet another enbodi nent, the

concent ration of solids in slurry concentration is

10:7
ko SRS e/ SRR 70 M S om0 1

slqul%concentratl on is present in the reactor from

20 to 70 vol % In yet another enbodi nent, the

concentration of solids in slurry concentration is

r int c I

BRI Cponibierg: B o sl iRt e elfol fHhy be used.

s| Ther spagionisegeneratly ditted svitlpare sffivient agiltzhmnrmemispxuch ragra turbo-

70 | %% h
> Oiib 2B gellbe e Goresh O g in S95keh Aokt ersh cgpling tubes

S Odndeby cofls, Sdrlithet HEREVTLERLTAR the h@c{t %?%Iyrﬁé?lzﬁhﬁi to maintain
reactor from40 to 70 vol% [001 42] Typically, a

c ohe dasisd eadtion temperaiee, tirlplanesnse(suabaast intet pipeshfor msammers,
Th(ﬁ{ure t@caﬁlg aJ[a‘? %e@%gﬁlngé ngstfeﬁfrd SW )h{'eg)é)leragffe s%nsei‘ng means, and

PR ITea

i rmlehfﬂeleﬁts)werﬂawe&f %lhfﬂiiw whEch Qﬁtlﬁﬁfav@n?&?ﬁwr diluent and

internal cooling tubes nd/or coils, or other means

ofuqr@%’»@. Hgnemers hféa@ngopthﬁb iR i t9 a2 .h@hhmga dntanmraqucnch tank.
| t

| 0 g%?%:l}r gg f %‘f i Eu{%‘g&%? L C#F‘S%%l {gﬁ]ﬁ 1’? will

(aecdgnrzed)rmeraeqam’o@tmidy@perattienper ature senS| ng msans,
and an effluent overflow or outfl ow pi pe which

W t hdraws pol yner, diluent and unreacted nononers

anpom3pt her T RESorstafe ArehRhill, r&gs@ﬁé&%(ﬁéhq oéb%la rﬁ&mlﬁ of the

Preferably, the reactor 1 s purged air an
Orretadyst |an@ andnentepe within thiel reactorg tgogth lttzrbulpn@pmmﬂs&ewbhm the

OBy s of S o e TG B ¥ RiSeBiy s Efedpmpotume

o ansid exvdskive polyh%r b&AG PAtiondR Epar AU SR ER: ARIRSS Of
within the heat transfer tubes or coils, and enough

fluid flow t hroughout the reaction volune to avoid
X[Pg%ﬁl Ve pgﬁl%%fe&@ﬁ% umrdeglga o Elhz%? Qﬁlrtﬁlé Bpa%tl{:er S%dpresent

i Nntdngiop nasdtldec eny fcoteatipiiad yeadtors and equlvalents thereof capable of
performing a continuous slurry process, such as disclosed in U.S. 5,417,930,
herein incorporated by reference. The reactor pump impeller can be of the up-
pumping variety or the down-pumping variety. The reactor will contain sufficient
amounts of the catalyst system of the present invention effective to catalyze the
polymerization of the monomer containing feed-stream such that a sufficient
amount of polymer having desired characteristics is produced. The feed-stream in
one embodiment contains a total monomer concentration greater than 5 wi%
(based on the total weight of the monomers, diluent, and catalyst system),

preferably greater than 15 wt%, greater than 30 wt% in another embodiment. In

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



i nvention include any conventional reactors and
equi val ents thereof capable of performng a

w@emtiossserls sl urry process, such as di scl osed Per/USE03/040903
5,417,930, herein incorporated by reference. The
reactor punp inpeller can besgf the up- punping
variety or the down-punping variety. The reactor wl|
contain sufficient anounts of the catal yst system of
t hgoRsregefinckiimidhi BRe@fdne el WRalt Relpdt I VBOndN&E, diluent, and
pol yneri zation of the nonomer containing feed-stream
sukelyshaystemsuf fi ci ent  amount of pol ynmer havi ng
desired characteristics is produced. The feed-stream
in one enbodi nent contains a total nononer

COJ0OE4B]r at | AR PhRA¢Ebodimehts Sthet fed-tBase s SibstaAdallPiidk from
wei ght of the nononers, diluent, and catal yst system,

preficr eabioy pedisingrspepigh BY swbstanidalbafres of pidisa s@titmh psoducing
OF i | . i t
FROADEL, TR dhi /5! AR 0 BIPLIT Bl e

20046058828 RChoMGR0BIHIMEO M Ba GBongiediing species in the feed
concentration based on the total weight of nononer »
di Stigam: | Tyapal E%aamaﬁs/gf siliga eation qredycins) snegies grrehalo-alkyl silica
e . 1 f 3 t i: | | npn

f ?%%HJO& ﬁ%ag i aﬁeofﬁﬁg?%éﬁ ;R?I%Slgpogg? lzis?.gﬂ%y Q{C"hﬁe&&ﬁ R s an
s syl cantdi "' i f h&legarf. Thiel ieadionatonditiops edlldiengnch that desirable
species, it is nmeant that there is _no.nore than 0, 0005 .
n SBEREE- RCTHE Sb% S0 R BF SREH Yol omerdalgrthe reaction

t @8BS ih HEAiRA b SAHE BEJdBe HRIREEK pdlythBR HheRg the desired
stream Typical exanples of silica cation producing
s phetagteriafies. hBhomenRyer Siedistrgamds picallyssibatantiglyt free of any

f ornmul. i,X or. RIR2.S| X2 tc., wherein,"R'.is an..
e P TR RS RSN i, Bl e hoierbion
W dolditiens Uor eR@hpldeBi et @mboeiiiais tthd enonphRs Feddepraftdably
residence tinme are effective to maintain the reaction

nedPuieh b suhstantiglly e Afebasss (syclprasd seestiche sulérqoatpining

. i Cotics
PookiEhig QU S L CO8; bitfonfPhRARLBS 4 €7 el mergapran,
argthyli mpreapteyy), wiliredentcontathing dabes, orpgdn ventsinidg bases such as
T U T .
PrighLoshl BasedSPHIsl A& Rshemt hkd ﬁre?é’r?ﬁy bt RRs 98%, not

(such as caustic), sulfur-ponfalnyng conpounds (such
adlesixban 69%, lamtelsrigdwobodineeats tasmperitjes, anvgiréseht at less than

nelro(’:&)%t papr}n (by weight), preferably less that 500 ppm, preferably less than 250

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

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

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



et hyl nercaptan), nitrogen-containing bases, oxygen

cont ai ni ng bases such as al cohols and the |ike.
wolomwewsss2srononer feed may be | ess pure, typi cab@HUsIIN3/040903

| ess than 95% based on total olefinic content, nore

preferably not | ess than 98%9not |ess than 99% In

preferred enbodi nents the inpurities are present at

Iess than 10, 000 ppm (by wei ght), preferably |ess
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C%Hcﬁ@h at%&lﬁn%ﬁ@"ﬁld KRS &cdif theodt. t he pol ynmeri zati on

| ess prfeferably between -10C and the
free2|ng point of the slurry in one enbodlnent and
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59\/1{1{?1@ mm YB®/fel thé fle@fnd poIRE bﬁﬂiércﬁlubﬁt bf@mwaﬁtmﬁ 8°C above
-100C, and from-70Cto - 100C in yet anot her

ersolipering pointrpiyhe difiicet mesferably Wilin 6°Crabeve the dteezipg goint of
|
SR BH B8, Wbt o 05 e K00, RBRPOATAL e

ofprefefabbr withinn2ACeghdva rtheviieghihg poly Itl)tfl‘nl&E dducat, praferably within
desired reactiaon pr.odu be_achi eved, efore
§€@§ Tregeins goihel tﬁle Jltiend BT @D %ﬁlswephgn and

e%ﬁéfbl@ﬁﬁg e{ére% %@M@ﬁhﬂa?é‘%tmﬁfx@ h&ﬁ)e' the qfeemﬁg gohif of the
reaction; a technique wdely enployed in the ar

[ Gidluam] id wsed itpnesine theeftecemgauintedthe dilventodhy Xet €z ot @mmple

erature is C v ezi Qi.n
¢ Rt feseng Pogy of e aliiomar P e heh 18e0 a8 B0 B0k pft of
pqmgmhgmtghggdiluent, preferably wi thin 6C above the
freezing point of the diluent, preferably within 4C
above the freezing point of the diluent, preferably
IR 2C SRS, EESHGIPRL ShuPlnkd & LU0 oy gy one
diehbediment¢whdérb ® kParipases vatul), Sronny kR4 tcOhZ @0kPa in another

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

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

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

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



the clains thereto when the phrase "within XC above
the freezing point of the diluent” is used it neans

wo b4fsssexzi ng poi nt of the diluent plus X C. MOF/US2003/040903
exanple if the freezing point of the diluent is -98C,
then 10C above the freezing pgint of the diluent is
-88C. [00148]. The reaction pressure will be from above
O to 14,000 kPa in one enbodinment (where 0 kPa is a
t acuung,, - kPa
eroiiont - P ST pansh, o Warold L 28l are pre-
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crgihahtoodkbalh bop s tobirgdoo iy fdBpHeRers befor
enjediise it the @bdbtdr! ARsEaBIYOtHk BRodotn? 1998 doRthctdd Wil the Lewis
anot her enbodi nent. [00149] The order of contacting

t rsidron Biedrevyia aeld sombined with tieyigitiator beford thieanonoaregs enter the
diO‘J %Cq{;}l may vary from one enbodi mrent to another. WO
20647558828 PCT/ US2003/ 040903 60 [ 00150] I n another
enbodi ment, the initiator and Lewis acid are pre-

conpl exed by m xi ng together in the selected diluent

f dgg%tse]ér escripgBsmiindinent of theyinygntionnige irjtipton ardLewis acid are
SR04 O phOediiES ok le5 i fH |t

cont i nuous rea orb¥ %pgltl} Eg%ﬂ%:egtngﬂfist% feﬁ%%fi[ﬂ 'g&gral??emp eratures
i jetwednoA 0P pad ahel freeding peint enichenre ahthodiloem witheWbdntact
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sdpas devegn Q-1 sependhand seserli hawry and etwean: P4t sseonds and 5
bl gided, Mokt s b ECh 0

P pERARS, Welall) deds i TRRIRLS pREGADS bekBACH A bRy and 1
wirhinuteHeefore whjecticmdnt, thereattoe Lewi s aci d conbi ned with
the initiator before the nononers enter the reactor.
[00151] In an enbodi nent of the invention, the

i odisz or and dudwep edfHolin®n® ofdhé GYVRAHSSD RE Sa%aR ! BY Lewis
by mixing together in the selected diluent at
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[00153] The overall residence time in the reactor can vary, depending upon,
e.g., catalyst activity and concentration, monomer concentration, feed injection
rate, production rate, reaction temperature, and desired molecular weight, and
generally will be between about a few seconds and five hours, and typically
between about 10 and 60 minutes. Variables influencing residence time include

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

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

be from 500 to 10000, and in the range of 2000 to 6500 in another embodiment.
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w0 ban/oBsed nut es, preferably between 0.2 secondBCHO023/040903

m nute before injection into the reactor. [00152] In

anot her enbodi ment of the inggention, the initiator and

Lewws acid are allowed to pre-conplex by m xing

toget her in the selected diluent at tenperatures
‘%@ﬁ BncReradirathe @nboliiing ahé Yatﬁeéf’\ﬁﬁﬂls £ a{ﬁ 1at<§)r89 from
0153] The overall residence time in the reac

va()r@ to d@p@mfnongoﬂﬁdn 8. &hg.qveradlt GJD}ESIMI‘EHM]I of thy 1anﬂtor in the

CRETIE Bt ST G712 e SASSEA D o i

dﬁﬁﬂtlﬁﬁlﬂ inahe Q:uiaﬁfst Weid9§tkeanA Rty pltane rf%IhYSON'tA |305’@ ppm in one
bet ween about a few seconds and five hours,

t ypibogimspt. paoihse wasilse describe shensmiroh initagor Mahe adsicws is by
i nf n the none

it S BytvE b A0 B el I Ol HABoma G B ¥ BB to 20
vaheleepolyedinble ibittrt@abed Boin ¢.5avils a6le holjRer/RHE ri"ﬁ'hator in
rati tilized will be those conventional in this art
f&m‘g‘ %‘a%ﬁme% c polynerization processes. In one
enbodi nent of the invention, the nononmer to catal yst
mole ratios will typically be from500 to 10000, and
| |{061l5é] r angdhefre20@0wilbcdifialn suffickmo theungrafate aemalyst $em

g 058828. PCT/ US2003/ 040903 . 61 .1 n yet anot her
B ET RIS B MR Catelie thepqlymenizatignof theapenaraer containing

I MéddLatdettn |stich I g
overal | concent ?g]ttl gniég?fgtn%lg ﬁﬁll()?llfn;?d?r %oﬁnip }ﬁwmgh desued
i sharpefeastics yis progrsesl. tBh@%dppmm in doe bmbﬁ&lﬁlqnp mnntéﬁhEa total

c t, f t he al s f eed
PEEHeF EbbRieiid JRpict Mhdsot oo BB af e el weil of the

e mﬂmﬁhﬁfﬁm dildnnt fiel carlyst Gyskemg) ishRitdrNehadM8INRf in  another

|n|t|ator in the reactor is by its anount relative to

t §EbpdImeREr In yat epnshes Aetheidivasit, the Heedstians malinconzim from 30
o R | % Lt at fr

rmg]ne po y“rrjg%/ no %I{l%‘%o?f %r{ifc‘)#lb?r]? %ed ﬁlertogar?bweﬁarﬁeoﬁtmonomer

[ A01S86) andlvatatysaststem.wi | | cont ai n suffl ci ent anounts of

the catalyst system of the present invention to

catal yze the pol ynerization of the nononer containing
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maintained between 10,000 pounds of polymer per pound of catalyst and 300

pounds of polymer per pound of catalyst and desirably in the range of 4000
pounds of polymer per pound of catalyst to 1000 pounds of polymer per pound of

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

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

containing liquid ethylene. The total internal volume, including the tubes, is
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The catal yst systeni "is then charged in e reactor,
the catalyst systemhaving a Lewis acid and an

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

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

A. A polymerization process comprising contacting one or more

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



initiator present in a nolar ratio of fromO0.50 to

10.0. Wthin the reactor, the feed- stream of nononers
w@na4o38828 yst system are all owed to contact onBCT/US2003/040903

anot her, the reaction thus formng a slurry of

pol ymer (such as butyl rubber), wherein the solids in

the slurry has a concentration of from20 vol%to 50

vol % Finally, the thus forned polymer (such as butyl

rubber) is 0 exict 1 hey; ct AL OoUg an
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conpri si ng ey nore hydr of [ uorocar bons (HFC s): B.
The prgcess 0 Re6R96LRLY &ﬁ}g&ﬁ‘%ﬁ sTA tBec dp)| EeﬁitF, WherT:in the
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conprises 1 to~ 100 vol une based upoh the tot
vol une of t heongimeneare;selected Honp thecgesp obfnsiting gif afyhenk, para-
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A, B or C \higsg@bpenyltRnidleyidBbutylBas 2amekthl L £BhtedBSSmethyl-1-

uptake of | gb?ltsente,h %Pmssch}\o{t-}iﬁentene, isoprene, butadienes, 2,3-dimethyl-
1,3-butadiene,  B-pinene,  myrcene,  6,6-dimethyl-fulvene,
hexadienes, cyclopentadiene, methyl cyclopentadiene, piperylene,
methyl vinyl ether, ethyl vinyl ether, isobutyl vinyl ether, and
mixtures thereof;

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

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

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

K. The process of any of paragraphs A, B, C, D, E, F, G, H, I, or J,

wherein the slurry is substantially absent of water;



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

wherein the diluent further conprises a hydrocarbon;
wo-200F/0888ps ocess of any of paragraphs A, B, C, BELT/082083/040903

wherein the initiator is selected fromthe group

consi sting of hydrogen halides, a carboxylic acids,

water, tertiary al kyl halides, and m xtures thereof,

G The process of any of paragraphs A, B, C, D, E, or

F, wheLei n TR pro®ReRLE efargehmeted fe,am ke @IeupT or K,
consisting of styrene, para- nethylstyrene,

al pha- et hy | éhejeiaibe temneraye e Rewveen -105°C and -60°C, preferably
d||sopropenygg%pzene i sobutyl ene, 2-nethyl -I-butene,
3-nethyl -1 - buténe, 2-nethyl-2-pentene, isoprene,

but adi Bhes, TheJPrdtazebhydy oflpatagoailsdh B€, DL ¥, Bl GePEL J, or L,

myrcene, 6, 6-di nethyl-ful vene, . hexadi enes,
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met hyl vi ny'wﬁ&ﬁ“@ﬁssd%ﬁoﬁﬂ%eg@y&@t her, isobutyl vinyl

et her, and res ereot ; The process of any of
par angphs Ahefrodiict prodicedrby amy oBpavdgeaphs AsBy G, &, F, G, H,
bl ock copol )é[ngrkg are present in the contacting step

1. The proces ypof paragraphs A, B, C, D E F,

G or H, vvhereln the tenperature is OC or |ower; J.

The process anl¥ aragraphs A, B, C D E, F, G H,
odANDUSHRIAL APRICAEHPNBat ure is within 10C 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,

Weoxs0) t he THeUpslymiess 804 aficndibh épra@ﬁ@ NéheRficaledrar physical
WO 2004/.058828 PCT/ US2003/ 040903 64 L. The process of

a@a@pteﬁgicgéhagﬁﬁgceﬂtherg highly psef@ inpyidg vagigty|of appligatikns. The
prgélea%o‘%é1 of tlgeg%@&ﬁﬁtlffr B lofseQCINGERs "3 6}Qt%estegscé‘s of these
polymers, namely inner tubes and tire innerliners. These same properties are also
of importance in air cushions, pneumatic springs, air bellows, accumulator bags,
and pharmaceutical closures. The thermal stability of the polymers of the
invention make them ideal for rubber tire-curing bladders, high temperature

service hoses, and conveyor belts for hot material handling.

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

suspension bumpers, auto exhaust hangers, and body mounts.

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

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



M The process of any of paragraphs A, B,C, D, E, F,
G H I, J, or L, wherein the process conprises an
WO poonioseses greater than 30 ppm water (based uporUS2003/040903
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abrasjon. resistance and. rolling resistance for high
pkeglpggireﬁ%ﬁglzcawér@gn%g}?teﬁ]@[s' acconpl i shed by using the
pol yners of the instant invention. [00163] Bl ends of

the polynmers of the invention with thernoplastic
r E[Qﬂ%§] In certain applications, the polymers of the invention make them

also useful in chewing-gum, as well as in medical applications such as

pharmaceutical stoppers, and the arts for paint rollers.

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

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

EXAMPLES

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

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



are used for toughening of these conpounds.

Hi gh-density pol yet hyl ene and isotactic pol ypropyl ene
wae@4o8gsesr nodified with 5 to 30 wt % of PCT/US2003/040903

pol yi sobutylene. In certain applications, the instant

pol ymers provide for a highlygel astic conpound that

is processable in thernoplastic nol di ng equi pnent. The

polymers of, the instant invention may also be I
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i %%ﬁ atipn by Veighhe Thehydeptluomsarbons thee pare qodleeied anelear,
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watlaiged etoudly dr2B4d afMble insoluble precipitates at -95°C were distilled
before use. Propane (Aldrich), used as received, was condensed and used as a
liquid. Alkylaluminum dichlorides (Aldrich) were used as hydrocarbon solutions.
These solutions were either purchased or prepared from the neat alkylaluminum

dichloride.

[00168] The slurry copolymerizations were performed by dissolving
monomer and comonomer into the liquefied hydrofluorocarbon at polymerization
temperature and stirred at a pre-determined stirring speed between 800 to 1000
rpm. The use of a processor controlled electric stirring motor allowed control of
the stirring speed to within 5 rpm. The initiator/coinitiator solutions were
prepared either in the hydrofluorocarbon or, for convenience of small-scale
experiments, in a small volume of methyl chloride. The initiator/coinitiator

solutions were prepared by dissolving the initiator into the diluent (specified in



cooled in a nitrogen atnosphere before use.

| sobutyl ene (Mat heson or ExxonMbil) and net hyl
w@hdoanssses (Air Products) were dried by passi ngp€TieSmay040903

t hrough three stainless steel columms containing

barium oxi de and were condenggd and collected as

l[iquids in the dry box. Alternatively, nethyl chloride

was dried by passi ng the gas t hrough stainl ess st eel
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(American Polymer Standards) was used to calculate molecular weights and

distributions.

[00170] Polymer molecular weights can be determined on other SEC
instruments using different calibration and run protocols. The methodolgy of SEC
(also know as GPC or gel permeation chromatography) to characterize polymer
molecular weights has been reviewed in many publications. One such source is
the review provided by L.H. Tung in Polymer Yearbook, H.-G. Elias and R. A.
Pethrick, Eds., Harwood Academic Publishers, New York, 1984, pgs. 93-100,

herein incorporated by reference.




each of the exanples) and adding, with mxing, a 1.0 M
solution of the alkylalumnum halide. The

WO pootiose8es / coi ni tiator sol ution was used i nedPEL/E52003/040903
The initiator/coinitiator solution was added dropw se
to the polynerization using g, chilled glass Pasteur
pi pette or, optionally, a jacketed dropping funnel for
exanpl es using the 500 mM gl ass reaction vessels. Wen
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Pdhgsaexar¥plas.book, H. -G Elias and R A Pethrick
Eds., Harwood Acadeni ¢ Publishers, New York, 1984,
pgs. 93-100, herein incorporated by reference.



WD 2004/ 058828 PCT/ US2003/ 040903 68 [00171] Cononormer
i ncorporation was determ ned by 1H NVR spectronetry.
wWORM4088R3%r enent s were obtained at a field streemuk2003/040903

corresponding to 400 Mz or 500 MHz.
were recorded at
NVR spectroneter system using CDC13
pol ymers.

characte

di stribution in copol yners.

Al l

rize

room

chem cal

"H NWR spectra
tenpergat ure on a Bruker Avance
sol utions of the

shifts were referenced to TM5
[00172] A variety of NVR ngtppds have been used to
conononer incorporation and sequence

Many of

t hese net hods nmay

be app!'r\nhlo tothe pnl\/rmrc of this inv tian A 5
general | ¥®Peience whi ch Yadi Q&“‘feﬁséo'hap atijon of | Mol%
NManfplkeCt ("eyey r yDilden he| ghar pe(Wei%snt | or 10f dobymer s 1°
is H Rl Kricheldorf in Polyner Yearbopk, H - Elias
andp 'R A _&et hri ok, FEdS|. , o gdar WwoodjAcadem ssPulll i shers, 1,
New York, 1984, pgs. 249-257| herein | ncorporlated b
reherenge.gq 0O 17@1{ gablle sbhd i pts ghe resutdgss af 5 1.7
polyner| zati ons conductled at 90 to -95 Cin
hydgof I Loregar bors,and Jres dy! | chhagi de| (GBCL)| 34 | 15
(Exanple 10) and propane (Expnple 11)!for conparlsomn.
A 1Q0 nm gbpsg mayp,resi m getll emas usedzdpor |t hgge 29
exanples. TVPC1 (2-chloro-2.414-trinethyl pentdne) wasg
usegk as| angg nift ©hr) N ihesp exaspl ep. 25 1.4
2004/ 058828 PECT/ US2003/1040903| 69 _Tabl e |a Tenp. Yield
Cogvers| ongiV | Noliier, EXamie () 7Biil uept {g) (W o3% (X 59
10‘3M/M'|Plb§50H3F0802117252.412 2/d
-93; CH2F2 & 28 148 7| 33790 CH2F%40. 99 gzg 8| 17
207 3 a1 o] aprdR e 47.1 390 .6 3.2 - 95
CH3gHF2| 1. 48 37@13&%4#22- .84 410 142 23 23
9%° -95 CHF,CF; 0.39 293 106 2.8 2.6
10 -90 CH;Cl1 0.58 14.5 397 33 1.3
11 -95 Propane 2.37° 59.4 67 2.4 2.0
a Except where noted polymerizations were run with 30 ml of diluent,

5.4 ml of isobutylene and 0.23 ml of isoprene (IP), initiator/coinitiator

solutions were 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).

Three initiator/coinitiator batches added to the reactor

Two initiator/coinitiator batches added to the reactor

[00174]

reaction scaled to 10 ml of diluent

ethylaluminum chloride (EADC) used in place of MADC

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




6 d-95 CH3CF3 2.89 72.1 327 2.3 2.0 7 0 -95 CH2FCF3

1.48 37.3 384 2.5 1.7 8 -95 CHF2CHF2 0.82 41.0 142
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CH3CA 0.58 14.5 397 3.3 1.3 11 -95 Propane 2.37 59.4

67 2.4 2.0 a: Except where ngped pol ynerizations were

run with 30 ml of diluent, 5.4 m of isobutylene and

0.23 nm of isoprene (IP), initiator/coinitiator
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Pal ynerization in any of. the .hydrofl| uorocarbons ..

r deiTb TR e Haf bt el RLoRRGE RGFtediis Heltgr phase
t Reaswadhlif pRfpatidle reactor or to the stirring shaft. The
particles floated to the surface of the |iquid when
stirring stopped. The particles WO 2004/ 058828

P / Q40903 70 were hard as evidenced by
p%ﬁlﬁ#gqénqtﬂhem with a chilled spatula when tested

near reaction tenperature. Polynerization in nethyl

ch%ﬁ&ide resulted in rubber particles that adhered to
both t he redesels gapplymenigations conductadray -8hief 5 “Crase given in
p pche r leardy. I when probe ith,a .
Pl it EaBles 138 ol SRRV R °A 1O 1 Blass mini-
t avgier dietttee. wRo! yused | Aat | chiese N axapprRee TRHRCEL ed-tilo@-2,4,4-
tmn-pﬁg e |i uid-Iiguid .reaction. The denser phase
waddmetiyientrng) was yspd pof indtiatoyie tkesa examples.i ght er phase
was rich in propane. Exanples 12 - 14 1001751 Results

for polynerizations conducted at -50 to -55 C are

given in Table 2*
Temp. Yield | Conversion M, )
Example | (C) | Diluent | (g) | (Wt%) | x10° | M,/M, | Mol% IP
12 -55 CH,F,° 1.1 29.0 205 2.2 1.9
13 -50 CH,CI 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 TMPCl
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 2. Exanples 13 and 14 are conparative exanpl es.

A 100 Ml glass mni- resin kettle was used for these
wez@apsssss TMPCl (2-chloro-2,4,4- trinmethyl pene@mney2005640903

used as an initiator in these exanples. Table 2a Tenp.

Yield Conversion M Example ¢C) Diluent (g) (W. %

x10-3 MWM Ml % IP 12 -55 CH2F2b 1.1 29.0 205 2.2

1.9 13 -50 CH3C1 1.1 29.0 52 1.5 1.1 14 -55 Propaneb
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experinment did not | ook appreciably different than
the run at -95C (Table 1, Exanple 11). Two phases were
afzamplds 16n 2the reactor. The denser phase was rich in
pol ymer and the |ighter phase rich in propane. The
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hydrofluorocarbon / methyl chloride blends. A 100 ml glass mini-resin kettle was

used for these examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was used as an

initiator in these examples.

Table 3°
’ Conversion| M,
Example Dililents Vol % | Yield (g) | (Wt. %) [ X 10° M,,/M, | Mol% 1P
15 CH;ClI/CH,FCF5 | 95/5 2.97 74.0 234 3.5 1.2
16 CH;CI/CH,FCF5 | 90/10 1.90 47.0 600 29 1.6
17 CH;Cl/CH,FCF; | 85/15 2.58 64.0 435 2.5 1.3
18 CH;Cl/CH,FCF; | 85/15 1.83 46.0 570 2.5 1.7
19 CH;Cl/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 32 1.9
21 CH;Cl/CH;CF; | 80/20 2.83 70.6 179 2.7 2.2




[00177] Table 3 lists the results of polynerizations
conducted at -95 Cin hydrofluorocarbon / nethyl

w@ bhdoanssses bl ends. A 100 ml gl ass mini-resin kep@T/8S24083040903
used for these exanples. TMPCI
(2-chloro-2, 4, 4-trinmet hyl pentzane) was used as an
initiator in these exanples. Table 3a Conversion MV
Exanple Diluents Vol %Yield (g) (W. % X 10"3 MW M
Mol % I P 15 CH3ClI/CH2FCF3 95/5 2.97 74.0 234 3.5 1.2
16 CH3C / CH2FCF3 90/10 1.90 47.0 600 2.9 1.6 17
CHBCl/ GHREPF8h&E/mbEd2pdBnédzaliodSseR: funlwidh 308nl of diluent, 5.4

CH3Cl / FCE3 .85/.15 1. .0 570 2.5 1. 19 ..

GoCL G POIPREE 8D 55 Shdscirsnc (), piitiator/coinitiator

CH3Cl / . . T
< %12%35 g/gl?e(z)%égﬁgds ﬁ%@ éﬁjlcgfgrﬁat.g%llczlﬁ%nd%]usmg 3.2 microliters

2004/ 0383 1d/1R¢iT/a0d2088/ oxioedsrs 70f s I1EXc¥bthextner esolution of
not ed pol rizati,ops . with 30 m of diluent,

5.4 me?lg%iapglérbulﬁltlfﬂcgﬁ’él\ég@@b% m of isoprene (IP),

i i:t i atresthglaiviiidat @ichlosigk UNIADE) W RiskRar 6fl éﬂ_{rylauélinum
m of nethyl chloride using 3.2 mcroliters of TWMPC

and 23.4chipuddBARE)s of a 1.0 M hexane sol ution of

et hyl al um num di chl ori de (EADC) b: nethyl al um num

di chl oride (MADC) used instead of ethylal um num
dilxatmpitdsd? -(2BADC) Exanpl es 22 - 25 [00178] Results for

pol yneri zati ons conducted at -55 C are given in Table
4. Two batches of initiator/coinitiator solutions were

ugeghAgpr ea i TEnb~resin.
00RO AU T LA SR b
2,44, Bwo rtatohthyf petidterieinivian: vsletdo@swal hsed tfhbaéh dxAmple. A

t e exanpl es. Tabl e 4a
q%ﬁ m gfe‘ls m?m-resmbkettle 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 @ (Wt.%) | X10° | M,/M, |Mol% IP
22 |CH;Cl/CH,FCF;| 90/10 | 2.35 61.7 84 1.7 2.2
23 CH;CI/CH,FCF;| 85/15 | 2.96 77.7 77 2.2 2.2
24 |CH;Cl/CH,FCFs| 80/20 | 2.37 62.2 82 1.9 2.0
25  |CH;CHVCH,FCFs| 75/25 | 2.38 62.5 88 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 methy] chloride using 1.6 microliters of TMPCI and 11.5 microliters
of a 1.0 M hexane solution of methylaluminum dichloride (MADC).

Example 26



Conversi on MV Exanpl e Diluents Vol % Yield (g) (W. %

X 10"3 MWM M1%Ilip 22 CH3Cl/CHZFCF3 90/ 10 2.35
w®004/08%28. 7 2.2 23 CH3CI/ CH2FCF3 85/ 15 2. 96 W@T/US2083/040903

2.2 2.2 24 CH3Cl/CHZFCF3 80/20 2.37 62.2 82 1.9 2.0

25 CH3Cl / CH2FCF3 75/ 25 2.38 62.5 88 2.0 2.2 a:

Pol ynmeri zations were run with 30 ml of diluent, 5.4 m

of isobutylene and 0.23 nl of isoprene (IP),
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Q}\/Ia um,. num di chl ori de (MADC) . . Exanp
OBEBOHICPL SOy FoRhn 31%0%9]@\ of' T liquid 1,1,1,2-

oRdu

d."%%%fﬁf R e g3 IS B AT VSRR Z; B0 o 10
vagolil segiatiedobsthgliakstihiiniich &id3nPestagl.l ThisSsoRftion was stirred
anhydrous nethanol into 2.6 mM of liquid 1,1, 1, 2-
¢ dOF 4P| TS hAnecard slston TS PRI iy thofamp vaddde each

(o] B 0
et ERT A Ehart o, 2ol 2 oL Bhang sy atdg ovith
ststifigd anfloeodled m%emes BothAscﬂﬁ@@ﬁdW‘e@é uddded mgwme to the
prepared in the s o each solution, 3.
mmlmﬁ:rt@l@n é‘?luQO% N‘P@r%c@lﬂd pipets. med APD peinglasseminirsesin kettle
adged, i §, (%th§tek£1{1 189 and cool ed -95C. Both solutions
wer e adde ofropvm e to the polynerization solution
with a chilled pipette. . A 100 M glass mni-resin
kettle was used for this le. Table 5 Exanple
Diluent Yield (Q) Conversim. %W M, x 10" MMM
Mol % | P 26 CH2FCF3 2.61 65 248 2.6 2.6 Exanple 27
[00180] Table 6 lists the results of a polynerization

Esmuiplelt Rflugnt - P¥ield (eb|fnedrsidn (Wt.2h) 8Mw1510(’v VM, Bl Mol % 1P

£f 1 U 1 2 Atk fl vorioet hnna nnr*l 1

T L 1, L, - _tcoctfart \>aamp v ) o1

26 CH,FCF; 2.61 65 248 2.6 2.6

Example 27

[00180] Table 6 lists the results of a polymerization conducted at -95°C
conducted in an 85/15 (V/V) blend of 1,1,1,2-tetrafluoroethane and 1,1-
difluoroethane. This run was made with 30 ml of diluent, 5.4 ml of isobutylene,
0.26 ml of isoprene and used a initiator/coinitiator solution prepared in 2.6 ml
methyl chloride using 3.2 microliters of 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.

Table 6
Conversion M,
Example | Yield (g) (Wt. %) X10° | M,/M, | Mol% IP

27 0.28 7 772 2.8 1.8




di fl uoroet hane. This run was made with 30 m of

diluent, 5.4 m of isobutylene, 0.26 m of isoprene
w@ea4/0588e8 a i nitiator/coinitiator solution preper/Es2003040903
2.6 Ml nethyl chloride using 3.2 mcroliters of TMPCI
and 32.0 mcroliters of a 1.34,M hexane sol ution of

met hyl al um num di chl oride (MADC). A 100 ml gl ass mni -
resin kettle was used for this exanple. Table 6
Conversion M,, Exanple Yield (g) (W. % X 10"3 MM M
Ml %I P 27 0.28 7 772 2.8 1.8 WD 2004/ 058828

PCRaoB2B0S/ 340903 74 Exanples 28 - 31 [00181] Table

7 lists the results of polynerizations that were
conducted at - 95C in hydrofl uorocarbons and a bl end

of|[ dr of |

Py e B RO TR K mer BRI Witk Shdugted ac -
mi $9°Cr ms hydrofhedrbtabovss amtk edblead dfhe &@d@fﬁtﬂfﬂc@ﬂ)onTMaChlethyl
(2 i met h ntane) was used as an

i rfi ‘?réﬁggﬁgln%rﬁ’%g@tgfé"yé ASTAQmOnqEer. Gohkms eleas miai-resin
AL )5 bty o

O@@dmmamrmmﬁeewlﬂ@s VN 30b CH2FCF3 3.81 92 160
3.3 3.6 31b,c CH2FCF3 1.18 28 278 3.2 1.8 a: Except
where noted polynerizations were run with 30 ml of
diluent, 5.4 m of isobutyl engypés 0.34 m  of

p- met hyI styrene, initiator/cornmrtiator solutions were
prepared in 2.6 mM of nmethyl chloride using 3.2

m-erohtters—oef—FNPC—an %Emf;r;:n;m"fme of a1.0 M
hexang sol uti on of ‘ gl
Example Diluent Yield (g) (Wt. %) Xx10° M,/M, | Mol% pMS
28 CH,FCF; 1.37 33 322 3.2 2.1
CH;CI/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
31 CH,FCF, 1.18 28 278 3.2 1.8
a: Except where noted polymerizations were run with 30 ml of diluent, 5.4

ml of isobutylene and 0.34 ml of p-methylstyrene, initiator/coinitiator
solutions were prepared in 2.6 ml of methyl chloride using 3.2 microliters
of TMPCl and 23.0 microliters of a 1.0 M hexane solution of
ethylaluminum dichloride (EADC).

b: 32.0 microliters of a 1.0 M hexane solution of ethylaluminum dichloride
was used instead of the amount noted in (a) above.

c: 1.6 microliters of 2-chloro-2-methylpropane used in place of the TMPCI

used in (a).

[00182] Polymerization in any of the diluents of Table 7 resulted in rubber
particles that did not adhere to the walls of the reactor or to the stirring shaft. The



et hyl al um num di chloride (EADC). b: 32.0 mcroliters

of a 1.0 M hexane solution of ethylalum num dichloride
wor®40588eB | nst ead of the anpbunt noted in (a) aPOWES2003/040903

1.6 microliters of 2-chloro-2-nethyl propane used in

pl ace of the TMPCI used in Ga). [00182]

Pol ynmeri zation in any of the diluents of Table 7

resulted in rubber particles that did not adhere to
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vt Bl B B ROl Ph A8, Mot b SRpBeE punghdfred
t metihihe seuctias engferdtive, thie paititlesheste dtudrasienBlestapepressing on
When te te&)éunear he reaction tenperature, the

pdhem &t & WA as evi denced by pressing on them
with a chilled spatula. Exanples 32 - 37 [00183] Table

8 lists the results of polynerizations that were

c dwuplesd2at37- 95C i n hydrof | uorocar bons and net hyl
chloride for conparison. Exanples 36 and 37 are
conparative exanples. A three-neck 500 m gl ass

r q061g3] Vs SR®A fiQk thelrBQIR 0B YRR FSatidns 11 vicbe BHMdhoted at -
pol ymeri zation, 300 ml of nonomér feed containing 10
w9 G fin rhydmfeoscamboas efdnptinyl i chicidefer chmparesdnr elxxdnoples 36

The , .initiator/coinitiator | ar i 0 s controll ed
2nd A5 e el peatig ek amples: Poerdieck ap0 i efigs Foptorpieaesd for

| AndB Chxandlss. | NPt abR1 I h&iRKiof 006 1 AN YRSARARE feed
dropwise to the polynerization mxture and the rate
ofcon@ddiing dA Wto cdnmowdtherd were subatgedsiniathe ehillehatactdre The
reacgtor, te rature r.ai se did t ce 4C. The ..
B RGP TR el o cop S B oL R IRe Sensstfation was se
eag . 10 Pe EIC N MJTR. HRSinitRfo/BINAIRDr sARMEHa Sdted dropwise
target. Table 8a Conversion M MN Exanple Dl uent
( \t¢ thepolymanipagon migtuge apd the fate phaddition isTonicpaddpzueisas way
315 626 2.0 2.7 33 CH2FCF3 94 213 489 2.3 3.0

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 2.3 3.0
34 CH;CHF, 55 414 813 2.0 1.3
35 CH;CHF, 100 197 558 2.8 1.8
36 CH;Cl 54 170 628 3.7 2.0
37 CH;Cl1 97 135 517 3.8 24

a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of

95/5



34 CH3CHF2 55 414 813 2.0 1.3 35 CH3CHF2 100 197 558
2.8 1.8 36 CH3CI 54 170 628 3.7 2.0 37 CH3C1 97 135
WG 104858282. 4 a: Pol yneri zati ons were run w th BET/US2003/040903
i sobutyl ene/i soprene nolar feed ratio of 95/5 WO
2004/ 058828 PCT/ US2003/ 040903¢ 76 [00184] The exanpl es
in Table 8 denonstrate the production of high
nol ecul ar wei ght butyl rubber using an EADC HC
initiator systemin CHF2CF3 and CH3CHF2 dil uents. The
nol ecul ar wei ght of the but ynmers made in
CHPOIGAR and Thesexdmmlee e T Slbén Bf dmmshytehthghproduum of high
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p&lﬂ/ﬁh@p @n@ GHsCHiF2 prep significantly haghey tanspolyraers made e MeCl at
u 5 Si r.e n c b The i-sapr
i%gglr por A0 ﬂler %g%g§ féﬁcgﬁ‘& ygrrgl?s rr(i?lO éit}orl?s gﬁygmpersny
b ghive8m)Ch2 EeFButgh @oﬁy‘hﬁ@HﬁQade Tine bothOCYRECE § labid rOH;CHF, was
particles made in both CH2FCF3 and CH3CHF2 ap ﬁ)eared to
bélarrgwshfufd elasrr |ty theomestgrobable prlydispersitihed 7-Adghamihp pohyaners

Do NP SEF LGP g8 AR T fhoaion

r s thd sopﬁlymeqsahydeehi ¥e(l dalts bétwiesw MIH IO and itH40CHF,. The

PR A EE rtTES F e R N r deCPe T appered to be
c ‘%@?@ﬁdaﬁﬂ? lesgﬁﬁéﬂgfl 8Rinf %aﬁc’ll%g“t%aﬁ fIR SONM& Mty Barticles made in

exa ree-neck 500 glass react or” was use
fM%heﬁerEM@¢%@ltlml or to each pol yneri zati on, 300
m of nononer feed containing 10 wt % of nononers were
charged into the chilled reactor. The

| Hxaplegry8epl nitiator nolar ratio was controlled at
1/3 and the concentration was set at 0.1 wt % EADC i n
McCl. The initiator/coinitiator solution was added

dr[WSf e 10 1Re PALY %rljeglﬁttsio?%oﬁ&ﬁﬂlléfigations 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

raise did not exceed 4°C. The amount of initiator/coinitiator solution added in

each depended on the desired monomer conversion target.



and the rate of addition is controlled in such as way
so that the reactor tenperature raise did not exceed
wagho4/Oss82@anmount of initiator/coinitiator sol utPOnNUSHAEE0903
in each depended on the desired nononer conversion
target. WO 2004/058828 PCT/ U%2003/ 040903 77 Table 9a
Conversion M; Mv Exanple Diluent (W. 9% x 10-3 x
10-3 MWM' Mol e% pMs 38 CHF2CF3 22 91 298 3.3 4.3 39
CHF2CF3 57 89 291 3.3 4.4 p4819F2CF3 98 74 244 3.3

4
1

.6 41 CH3CHF2 56 188 1,0 8 4.1 42 CH3CHF2 100
69 908 5.4 4.9 43 CH3CLl 57 97 443 4.6 3.8 44 CH3C

90 94 342 3.6 4.0 3 vmerizations were run with an
sobut yl ene/ p- net 1;°§Y?f‘é'he ﬁﬁﬂar .fe%v atio of 90/10
D@XB@ple TheDitaeabp| egwit/voy abl & S demanmtr at\e, /Mat Mt PMS
y EADC/ initlator systemin al CH2ECE3 dil uent

he pgoduciormmcrf | i sobutyl ene-o?M5 | cogpl ymess W th 43

parabl mol ecular weightfs to copalyners produced in

M3Gl df lopentE, | sobyyyl ene/ monet hybsit ytengs 4.4

polynerls prepared in CHACHE? exhibhit mich hi gher

pl eqol ar| weirght,s| Theg pMS|i ncar por abipon|i it he 46
polymer! s sighificantl hi gherl i n PECE3 than in

£Cl 4usi nlcht;@HgaTe mgponel feggl [(cqmpesitiop upder 4
fa)

ilar rleaction tonditiong 1In agFition the popl yner
r

| uryy pacH;cles|in {Go2FCE3 agpear sogg be 54 49
ignifir- tIH{j/ Lesk qti(‘ky in CHPEQF3 than in__ Md

xamages @USefi{cl 0P187k7 Tablle 19 |ijstg43 he regul s ofg
polynerfi zations{ of |sobufiyl ene/p- net hyl styrepe and
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0/ 20

a: Polymerizations were run with an isobutylene/p-methylstyrene molar feed

ratio of 90/10

[00186] The examples in Table 9 demonstrate that using an EADC/HCI
initiator system in a CHyFCF; diluent, the production of isobutylene-PMS
copolymers with comparable molecular weights to copolymers produced in a
MeCl diluent. Isobutylene/p-methylstyrene copolymers prepared in CH;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 CH,FCF; than in
MeCl.

Examples 45-47
[00187] Table 10 lists the results of copolymerizations of isobutylene/p-

methylstyrene and isobutylene/isoprene that were conducted at -95°C in an 80/20

mixture (by volume) of CH,FCF; and CH;CHF,. A three-neck 500 ml glass




m xture (by volune) of CH2FCF3 and CH3CHF2. A
t hree-neck 500 m gl ass WO 2004/ 058828

weEROANSBRO3/ 040903 78 reactor was used for theGEUS2003/040903
exanples. Prior to each polynerization, 300 m of
nononer feed containing 10 w7 of nononers were
charged into the chilled reactor. The
initiator/coinitiator nolar ratio was control | ed at
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a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of
95/5

b: Polymerizations were run with an isobutylene/p-methylstyrene molar feed

ratio of 90/10

[00188] Table 10 demonstrates the production of high molecular weight
isobutylene-isoprene copolymers and isobutylene-pMS copolymers using an
EADC/HCI initiator system in a mixture of CH,FCF3; and CH3;CHF, as the
polymerization diluent. The polymer slurry particles in the CH,F CF3/C3CHF,
mixture demonstrate the same non-stickiness appearance as in a pure CH,FCF; or
CH3CHF;, diluent described above.



Exanpl es 48-117 [00189] Exanples 48 - 117 exenplify
copol yneri zation of isobutylene with other
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tenperatures and in four diluents. [00190] The
pol yneri zation exanples listed in Tables 11 - 16 were
obt ai ned by running slurry copol ynerizations in test
tubes equipped with rare earth nmagnetic stir bars.
MmnQless®-1t7 ons were prepared in the test tubes at
the desired tenperature, which is identified in the
par agr aphs below, by conbining 20 m of the quuid
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of methy ride. Polynerizations were run
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solution to the stirred nononer sol utions.

Pol yneri zations were ternminated with the addition of

0.2 M of ngooiMpl . Pdlab]éell Aitd dre feulényf @blyinhgizations that
hydr of | uor ocarbaons resulted in rubber particles that
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hés@u&der&:vw&kempe@ntwwpd edthi eﬁﬂleﬁ p—ttHTue;m;tyrene (t-BuS) (0.36 ml per
run), indene (Ind) (0.23 ml per run) or B-pinene (BP) (0.31 ml per run) as
indicated in Table 18. A stock solution of ethylaluminum dichloride (EADC) and
hydrogen chloride (HCI) was prepared in methyl chloride by adding 0.320 ml of a
1.0 mol/L. HCI solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0 mol/L
ethylaluminum dichloride solution in hexane to 100 ml of methyl chloride.
Polymerizations were run by adding, dropwise, 1.5 ml of this stock EADC/HCI
solution to the stirred monomer solutions. Polymerizations were terminated with
the addition of 0.2 ml of methanol. Polymerization in any of the
hydrofluorocarbons resulted in rubber particles that did not adhere to the walls of

the reactor or to the stirring bar. The particles floated to the surface of the liquid

when stitring stopped. The particles were hard as evidenced by pressing on them



WD 2004/ 058828 PCT/ US2003/ 040903 80 wth a chilled
spatul a when tested near
woiogoBsseZ at i on i n

particles that adhered to both the reactor walls

the stirring shaft.
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49 CH;Cl | t-BuS | 384 9.6 130 | 23 2.4
50 CHiCl | t-BuS | 485 12.6 112 | 22 1.5
51 CH,FCF; | tBuS | 345 8.9 128 | 20 | 20
52 | CHFCF; | tBuS | 249 6.4 128 | 20 1.6
53 | CHFCF; | t-BuS | 295 7.6 119 | 1.9 1.9
54 | CHsCHF, | t-BuS | 325 8.4 297 | 27 1.8
55 | CH;CHF, | t-BuS | 433 11.2 217 | 26 | 23
56 | CH;CHF, | t-BuS | 333 8.6 303 | 27 1.8
57 CH,CI Ind | 375 9.9 68 2.2 1.2
58 CH,CI Ind | 179 4.7 117 | 1.7 13
59 CH;Cl Ind | 130 3.4 103 | 23 1.1
60 | CH;FCF; | Ind | 2279 | 60.8 131 | 22 | 23
61 CHFCF; | Ind | 1199 | 319 101 | 2.1 2.4
62 | CHFCF; | Ind | 2299 | 613 116 | 22 | 20
63 | CHsCHF, | 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 | 2.3 1.9
66 CH;Cl BP | 402 10.5 207 | 1.0 8.3
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results of polynerizations that were conducted at
-50C either in nethyl chloride (as a conparative,
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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.



Exanple Diluent CoM (ng) (wt% x 1003 MWM CON 72

CH3C1 t-BuS 1750 45.
waméogd26 58.0 1.9 2.9 74 CH3C

3

48.4 1.7 2.9 73 CH3CL1 t-BuS
t-BuS 2758 THCHUSDN040903

2.0 2.9 75 CH2FCF3 t-BuS 500 12.9 35.3 1.4 4.1 76
CH2FCF3 t-BuS 523 13.5 39.2 %5 4.3 77 CH2FCF3 t-BuS
568 14.7 39.7 1.5 4.3 78 CH3CHF2 t-BuS 651 16.9 68.1
1.7 4.4 79 CH3CHF2 t-BuS 733 19.0 71.9 1.6 4.1 80
CH3CHF2 t-BuS 440 11.4 70.
18.6 49.9 1.4 1.0 82 CH3

Brefi22- 8 81 CH3CL Ind 704
645 17.1 34.1 1.4 1.4

3-CH3Ee—nre6—319-8-444--6-3-4-11 ,84 CHRECE3 | nd 424
11.3 36.7/ 1.4 1.7 | 85 CH2 Ed g Gy 2] 41 .9 1.4 | mol%
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donotbmer| pares! ad MHHSat 848 Tabl s 13| Pebpjerdd | 29
sl P) é 0.r 5n9ﬁ2]58{g3r Ir r l%_ﬁuss[ 5 e‘i@t Ryl siééene %Nb) l(oke)]f ﬁb 11
Eun)iﬁ Inpgﬂﬁféﬁa o B gg3p6|/run% o pe 20388?% |43
E“CF/ Z?? p:5/ U4uuggty§é+g ? GSpBI Fdl ;)IVBL’] IrunbU %c Te 1\;} n ) 3
indicate Tabt A-stock sotution
et hyf&l uni ﬁHﬁ‘?HFEhI GTBL@G ERDC)| antb-9hydp o@’eh chlb7i de 4.4
(FCL)y wWas prepared—n nethyt—chtort+de—by—adding—0-320
i of9a | CH;CHF, | t-BuS | 733 19.0 71.9 1.6 4.1
80 CH3;CHF, | t-BuS 440 114 70.3 1.7 2.8
81 CHsCl Ind 704 18.6 49.9 14 1.0
82 CH;C1 Ind 645 17.1 34.1 14 1.4
&3 CH;C1 Ind 319 8.4 44.6 1.4 1.1
84 CH,FCF; Ind 424 11.3 36.7 1.4 1.7
85 CH,FCF; Ind 464 12.4 37.9 14 2.0
86 CH,FCF; Ind 496 13.2 40.8 1.5 1.9
87 CH;CHF, Ind 328 8.7 40.8 1.5 1.4
88 CH;CHF, Ind 338 9.0 42.9 1.5 1.3
[00193] Table 13 lists the results of polymerizations that were conducted at

-95°C in a 20 wt.% blend of 1,1-difluoroethane in 1,1,1,2-tetrafluoroethane.

Isobutylene was copolymerized with one of the following comonomers or

comonomer pairs as indicated in Table 13: isoprene (IP) (0.20 ml per run), p-

methylstyrene (pMS) (0.26 ml per run), p-t-butylstyrene (t-BuS) (0.36 ml per run),
indene (Ind) (0.23 ml per run), B-pinene (BP) (0.31 ml per run) or a 50/50 mol/mol




1.0 mol/L HA solution in 1,1,1,2-tetrafl uoroethane
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| Alpatedso g spriaggothg liguigl 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. [ M, S0 mel%
Example ‘CoM‘ o (mg)t C(wt%) | x107 MW/M; " CoM

89 IP 1147 31.1 453 ‘2.6 | 1.§
90 IP 2061 55.9 628 1.8 2.0
91 IP 2382 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




100 Ind 208 5.5 317 2.1 1.2 101 13P 1340 35.6 104 1.5
5.02 102 RP 375 10.0 79.4 1.4 8.4 103 RP 389 10.4

w(Q@ 2009/0388248 8. 8 104 | P/ pMs 331 8.9 632 1.8 0. 49PAT1/¥S2000640903
| P/ pM5 423 11.3 699 1.8 0.67/1.5 106 I P/ pMs 361 9.7
989 2.1 0.71/1.5 [001941 Tablsg 14 lists the results of
copol yneri zation of isobutylene and butadiene (0.15
m per run) that were conducted at -95C in methyl
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dhﬁ%éeﬁ%‘l&ﬂ% (W%vasc Br%pgre n me&xy cﬁongee ltay acﬂmg 0. 320 ml ofa

1.0 mol/L HCI solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0 mol/L

ethylaluminum dichloride solution in hexane to 100 ml of methyl chloride.
Polymerizations were run by the adding, dropwise, 1.5 ml of this stock
EADC/HCI solution to the stirred monomer solutions. Polymerizations were
terminated with the addition of 0.2 ml of methanol. Polymerization in any of the
hydrofluorocarbons resulted in rubber particles that did not adhere to the walls of
the reactor or to the stirring bar. The particles floated to the surface of the liquid
when stirring stopped. The particles were hard as evidenced by pressing on them
with a chilled spatula when tested near reaction temperature. Polymerization in
methy] 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 My, of these polymers is above 1.5 x 10°



t hese sanpl es because of the high nol ecul ar wei ght.

Table 14 Yield Conv. nol % Exanple Diluent (ng) (Ww.%
W@0v4/038878 CH3CL 503 13.7 0.2 108 CH3Cl 689 18rGIr/0S203/040903

109 CH2FCF3 448 12.2 0.2 110 CH2FCF3 543 14.8 0.3

111 CH2FCF3 404 11.0 0.3 1135CH3CHF2 338 9.2 0.2 113

CH3CHF2 481 13.1 0.1 114 CH3CHF2 352 9.6 0.2 115

CH3CHF2/ CH2FCF3 453 12.4 0.3 116 CH3CHF2/ CH2FCF3
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lists tlhe ¥i@sults of ChaF¢heri zari o438 that4.8erie 0.3
conductjed—at

UJ

111 CH,FCF3 404 11.0 0.3
112 CH;CHF, 338 9.2 0.2
113 CH;CHF, 481 13.1 0.1
114 CH3;CHF, 352 9.6 0.2

115 CH3;CHF,/ CH,FCF3 453 12.4 0.3

116 CH3CHF»/ CH,FCF; 777 21.2 0.2

117 CH3;CHF,/ CHyFCF; 573 15.7 0.2

Examples 118-141

[00195] The polymerization examples listed in Tables 15 and 16 were
obtained by running slurry copolymerizations in test tubes equipped with rare
earth 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.



-95C. Exanples 118, 119, 120, 123, 124, 125, and 126

are conparative exanples with Exanples 118 and 119
wheiongsssxanpl es of this invention. [00197] PCT/US2003/040903

Pol yneri zati ons were run by the dropw se addition of

this stock of ethylal um numgdi chl oride (EADC)/

hydr ogen chl oride (HCl) solution to the stirred

nmonomer sol utions. A stock solution of EADC and HC

was prepared in nethyl chloride by adding 0.320 m of

a 1.0 nol/L HJ solutionin 1,1,1,2- tetrafl uoroethane

arfa01ey60 mTabte B> HistOthenesults of pylyadedizhtivnibbitcidre ebitticted at

sol ution hexane to 100 ml_of nethyl chloride. The

to?%ﬁ voElSﬁ%Plé? 11Be 169.04%0:s b4t 1% 123 chad 129 taﬁ?;lcomparative
T 15
¥e§§7§{ hl S ocﬂ?ésslo?%pflgzéo mgf#ﬁ%}‘%‘ﬁ%éﬁ%ﬁﬁ-}?‘&?@?flgn de

and hydrogen chl oride was used for Exanples 125 and
126, ThIS sql ution was prepared fromthe addition of
2 801871 0f  Podymeizatipns Weseirug By g iRpwise addition of this stock of

0 f )
et hy;l a Il?trlnﬁﬁ% ?n&%lh%%gg?%g%g 'Eg%lr%g%félcr}]l réd%ag%C§090£6%Mmt& the
ofstined mydnoater eolutiens. A fse)cklsghitlognif/EAlDG I’aﬁlé ﬂ{@lgghﬂjgﬁpa%d in
h I d | en _ chlori [
S Bk s B hY | loingod SZ0.80k of Sobt smpYle deaeelghgn n Th12-
P%t}{z{fﬁfokc?e@ﬁdn@ RRd OVWR0&nt 6 &1 Dahed ‘é&l%yihlﬁrﬁﬁxuﬁﬁ@ﬂchfoﬁﬁe Qblution

of net hanol. Polynerization i'n 3,
t fip fheameotpr H}ﬁ)emé of ety etildrider Thi mtalpmlumc Ioé she ktatk doldtion

t f.th
SRS REUE bt 65 st Fpaleeh IEGo R L facd sfparete
t hgodki %wtﬁ)nMTGé%hyléﬁlhﬁﬁdnﬂ dichi@RResd Iﬂa@og%ﬁr&hﬂ&icﬁswﬂ!eﬁﬁd for
hard as evi denced bK]ﬁpr essing on themwth a chill

;%Qampée% g d36.e dhigsalutipw aves perparedrfpasn shaaddition of 2 0 ml of
Pol ¥TBIngrE 19601 )l Y1 1, ELQRIAIS dADL 8 6066 YRR & 1.0

par icles € reactor wa

t heol/Is Eﬁhyfailmgm&ﬂn&flthloﬂtd soletionziatheRdnel t6 100 rdl of methyl chloride.
gylchl oroet ne or - di chJa(’Jroet hene resulted in

edinaks fi r?OB%ﬂn}fﬁ%‘i’nspﬁf t§thylgluminpup  dighloride and thbiérogen

r
el oﬂc”;gi/léo%gg%omg@j i shipPonBith ptaRRR S AT RBzations

M#¥eare te¥gninated 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.



Exanple Diluent (M) (ng) (w.

%W x 10"3 MN M

P 118

CH3Cl1 1.7 844 22.9 271 2.2 1.7 119 CH3Cl1 1.7 618 16.7
WQRH4/05828.. 8 120 CH3C1l 1.7 597 16.2 224 2.2 1pdr/uiDd3/040903
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 H2@7CC12 1.7 118 3.2 33 1.4
1.4 124 H2C=CCl2 4.0 447 13.4 47 2.1 1.0 125
CH3CHC12 1.5 112 3.0 108 3.1 1.7 126 CH3CHC12 1.5 202
lists the results of
-35C. Exanpl es

5.5 116 2.6 1.9 [00198] T
pol yneri zations that were

a@é‘r&érlg ed at

127 136—at-e conpar ative vnwpl S \M th lzvarrrﬂ es 13

141 bei ng exanpl es” ofC*lthl $: i nvention. [00199]

Rol yner i zations wer e Kigfh, b glgﬁ dreapmi s e pddijtion of @ope

gt ock sol ution of the coi nltlatorllnltlator pair. A

gtlxkmplel (UPileentof et h}(hd)mun(mgh GV or x 487 ard,/M, 14

Hy-e-egen—chi-oride—(HCL)—was—prepared—in—methyl

ghl orligde |by Caﬁdlng 0. :BZO m84f @ 220 nplA7L HA 2.2 1.7
lution lin-1.-1.1. ?-fel_pai_l_uox_oet_haae_¥d 0.1960 nd | of

g 1.09mol |/ L erhgl al um ngm di e1d or! de7sol wsison i1no 1.8

hexane to 100 M of | methyl chlaoride. A sepanate stack

qol utgon jof eghl al ym pgm di g4 of i dgorand 2oRydrogen | 17
loride was used for Exanples 134, 135 and 136. This

qol ujon Wasc=EHeR red|1f7r om the adggyi on R 0.034 M 55

af _a 0.93 nmol /L ution 1n f1,

tiet rabl uor pet and 0960 of 10 [ /L

ethv]1 gl u num |cll1:i5cr| gg sol 121‘{4 on 2?3 hengﬁe toz'io m 1.8

qf thyI The -fi na | / nceptrati ons of

at h)r;l?al uni nufn ddljc I cri Sg andhng;gr oééér:} chloride in the 1.4

qt sol u ) he 20 0b8

F’CT/ 2003/%%_9@%@ 88 éﬁo f%ﬁ bot ﬁggr epaél}atl ongl Al 1O

deparat e [st i 0 ylalu u h§ ride

((MA / 2@%@&2 i;Strl H:yl pe3n aneTP‘%NPCI '?vvas 1.7

Jysed_for 133, [The NMADT TNVPC

sol uZn vvaEél‘altnﬁ'Qféggr ed ?som tﬁ@ 3.5 11%4) 2.6 1.9
[00198] Table 16 lists the results of polymerizations that were conducted at

-35°C. Examples 127 - 136 are comparative examples with Examples 137 - 141

being examples of this invention.

[00199] Polymerizations were run by the dropwise addition of a stock

solution of the coinitiator/initiator pair. A stock solution of ethylaluminum
dichloride and hydrogen chloride (HCI) was prepared in methyl chloride by
adding 0.320 ml of a 1.0 mol/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. HC1 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




addition of 6.6 mcroliters of TMPClI and 0.0960 m of
a 1.0 nol/L nethylalumnumdichloride solution in

wheooanssse® 10 ml of nethyl chloride. The t ot aPCwUF2008040903

of the stock solution added to the polynerization for
each exanple is listed in Tgple 16. [002001

Pol ynmeri zations were termnated with the addition of
0.2 mM of nmethanol. The polynerization in

us%gl i fclru%tﬁePﬁgﬁt%hQﬁs 1alg %Jla?até estt&ﬁ% fsUl‘ﬁfl thane ﬂgﬁq g%inum

particlies that exhibited st ery p
prd)q:iémmdeeéwaD(é)\/l/ d2nllerb-2,By-pinsthyipentarteh (BMei) head used for

R sa 580. Hanr be e DERebroliiod Svainerentes drom the

baarddmloﬁ eoNpar 'nﬁ@l‘bhtér@eof PVPOBT APl @50 MRy 10 mol/L
chloride resulted in a viscous coating of polyner

bonﬁhylhbmnmantdmhlcmld solativgh inHexand tor l(hgll Mlmethédrthonde The
di | uent

I|tt e of t th

it 85 o) e rosk PSR aede SIS RY Pelssentseriar gpeh SKample i
1,1%tediig Mhpleast hane resulted in solvent swollen pol yner
phases that adhered to the reactor walls and the
stirring bar. Polynerization in 1,1,1-trichl oroet hane

d ..b
SIS 0 01 R RS 840 i o
Sohenhan‘éil GT Tek ﬁ@lﬂmerlkﬂﬁdﬁoin% lEKﬂlﬁﬁib&thel bheill,tl,l( DotrafiBoethane
(W.% x 10" 27 CH3Cl 4.0 1953°83.1 45 1.2

1.88ve me@%@ﬁleﬂﬂ@t i@ﬁﬂelteadssﬁéf gibbgryphysigal properdpgesevddaced

08 AR Pl e gl {15 Griere. Ytortindus of

1,fouldigf waer obdant enecthd .rBac23Balkbadd Srrihgtbat.. SnWomparison, the

2004/ 058828 PCT/ 0 /04090 89 133
T Dol B ARG Rliegesulisd B 30w goasing pfpolymer on

C"ﬂ%ﬂi]-@i’éz@act%r Oy 6 3P thed st%%n%- Barl- Q/ery 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. B}
S P Soln. | Yield | Conv. | M, | . | mol%
‘Example | Diluent | (mD) | (mg) | (wt.%) | x10° | MyM, | IP
127 CHCl | 40 | 1953 | 534 | 45 | 12 1.2
128 CH,Cl 40 | 1678 | 456 | 54 | 13 13
129 CH;Cl 40 | 2339 | 636 | 51 12 1.4
130 CH;CCly 40 | 3068 | 832 | 48 | 22 | 09
131 CH;CCly 50 | 2993 | 812 | 59 | 22 1.0
132 1,2-difluorobenzene | 4.0 2033 55.1 35 1.6 1.5




1

35 CH2C1CH2A 4.0 2707 73.4 24 1.8 1.3 136

CH2C1CH2C1 4.0 2683 72.8 27 1.9 1.4 137 CH2FCF3 3.0

wQ3mhd/os828 76 1.5 2.3 138 CHZ2FCF3 1.5 1024 27P@r/822023/640903
2.
3.
1.

r

2 139 CH3CHF2 3.0 1085 29.5 78 1.5 1.6 140 CH3CHF2
0 1104 30.0 92 1.4 1.6 14%,CH3CHF2 3.0 953 25.9 95
5 1.6 Exanples 142-146 [00201] Table 17 lists the

esul ts of copol yrreri zations of isobutylene isoprene

t

—

isoprene that were conducted at -95°C CH,FCF;. The isobutylene/isoprene feed
ratio was changed for each example. A three-neck 500 ml glass reactor was used
for these examples. 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.

hrat—wererconducted—at—p5CCh2FCF3The
soblidy| enbﬁTds@mreb@ze@ed 4.Pati d9Nas| chhbged 29r |eatB 1.4
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of—rehprer—f-eed—econtpi-pi-ng—10 W% of —ngnoners were
charmd | pt oCEREICH;C ed| r4actop707The 73.4 24 1.8 1.3
initiatorfcoinitiator molar ratio was contrloll edlat
1/3 By the CORCEHIJGItI oh 4sS |Seg3 at | § Wt 0/@”,EADC ib 1.4
Ned _ Thelinitiator/coinitiatgr solutiaon s adde
dropwse | to tdipre®, yer| zapi gnogagtiurgs gnd tfhe rat _ 23
f addition is controlled in such as way so thaf the
rleactyy Lenpelcarits;fal se flsd |nehppxcepflgdd grel 1s | 22
dnount of| initiatof/coiitiator sollution dd i n
gach pended desir f VE
tlar qlegg)e D S0S e, T s toni oot OSJZIg;bI ety | 16
1B/ | on I\/l Ex € Rat W
% ﬁl{)0"3 1@%@;‘ %1 P 1% 98/§‘f§oc 2%?3 gosi4 | 1.6
4 3 2 143 0 14 6(4.5, 1.7 44 195 100
127 %81 3| %y% 8 93/[7 gi 174?%323 2?5}193.8 b 1005 1.6
Examples 142-146
[00201] Table 17 lists the results of copolymerizations of isobutylene




146 90/10 85 133 348 2.6 5.2 [00202] These exanpl es
denonstrate the preparati on of high nol ecul ar weight
weopalysses s wi th high i soprene incorporation. A¢EUS2003/040903
aggl oneration of the slurry particles is
significantly reduced in thegopydrofluorocarbon. The
GPC traces of these isobutylene/isoprene copol yners
do not show any sign of gel formation or
cross-linking, even for th | e 146 which contains
nore than 5 nol % isopreneiéggggﬁigh di ene
|sobutylene/|soprene pol ymers made according to this
i ntion can al ogenated subsequently via
sttandar d, | establ i shed halogendtlon4 processes for

maki ng hal obvbmt PPl WoRvesioxamiug 147M,00203] The
dependencie.of " no| ecul ar V\%ght on gcnver§| on _Was

detFePPifeld FeRatioo hut {WEn@) i sopF &fe |c 38T yndhiMat [ Yako 1P
rym in nmegnyl_chiofi de and CHZFCF3[at_-95C.  Thi s
depentfencle wd&2det erni nd§ f or [t V82 dilf f 4.3 1.2
imitrarorycoinftraror s S[emS one fased o TVPCHand
the éther| baddd on| Hal . 10080t h | cdtthl yst63@y sk erfs® usled 1.7
DC as tjne Lew S acid coi nitifator. (A thr 500
m| gl¥ss ealt®r was usk for |tHede |e ilor %9
edc Oy[TeTT Zati ofT, 300 —m—of _mongmer_{egd
cont é? nig 1834kt % of t h&4 nononerld4war e28halr gé’d4 into 38
t he cnllled reactpr. A nofarratioof—9
i 30bdt&1 ene/ ?%bbr ene wadd used |f dB3 edch348 2.6 5.2
polrymeri zation. The initrator/coinmitiator nmolar ratio
was controlled at 1/3 and the WO 2004/ 058828
PE902022 003/ (he90 8xargpiles clemenstrag ithan pwazara;'mn eft h'@hlmmie%llar
EADC .in McCl . Th ni.tiator/coinitiator.solutio
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Example 147

[00203] The dependence of molecular weight on conversion was
determined for isobutylene/isoprene copolymerizations run in methyl chloricie and
CHRFCF3 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



copol yneri zations in CH2FCF3. Exanple 148 [00204] A

copol yneri zati on of isobutylene and cycl opent adi ene
wa®4/osssegluct ed at -93C in CH2FCF3. A nol ar r ap€DUS$003/040903

97/ 3 of isobutylene / cyclopentadi ene was used for

this polynerization at 10.8 wi% nononers in the feed.

Cycl opent adi ene was freshly cracked for this

experiment. The initiator/coinitiator solution was

PreeRednedtify wak sstat 0.1 Rev2BADY BMakEL ahs ifh ifitiaftR st

sol uti on of hydrogen chl o%eﬁirﬁkg—g%%&%ﬁ?@%%mgﬁla Sé]#ltlon

prvéascifidedl efop g BTz pTlyntehizationomiktiienamia theachitke df 38dition is

mcroliters of a 1.0 nol/L solution of ethylal um num

diceniroliadda sheh rewanes, thatths resctontéroperatas: misk didnbiferteed 4°C,

i-Aut es. . Pol i, zat. | . b by t d i
R i o R FicRh SEBir e Y eacl Geeancl on dheesized
t ReorHRE? NBhverSibH tthidBt. Wﬁh@_cﬁd&fcﬁi tRse ﬂ_(??m@figeltitohg’ rér@%hown in

this solution was maintained at a rate necessary to

k dégire Reas ganlgtnefrieaks maderutas vyeaghd t(Whp vénsemihe insinoger abowession
- A 4.0t f.35.m of the,initiator/coinitiator .
s g’? gfttu%o nrf%ae?p Sgtg%l .ﬁe%\mgd)g mﬂ?cué?ra‘g%}g e‘gﬁtﬁ UICEGasIng Grgyersion 1s
usbsbri@l. t Mheseexdatp|so kablve R HEANVErsi oMM EXATRLE for
Diluent (W% x 10"3 MWM Mol % CPD % 1, 148 CH2FCF3

5§oBIymerizationg im GH¥§ B0 04/ 058828 PCT/ US2003/ 040903 92
Solubility of Ethylal um num Dichloride in

Hydr of | uor ocar bons and Bl ends [00205] The .solubility
t &gtmpleeld@rt ed in Tables 19 - 25 were perfornmed using
neat ethylal um num di chloride (EADC). Each test was
performed in the following way. 5 ml of the condensed

] o g R SRR, S A

| copdugtedt at ORCC it AH3FGH; 0l iA enslaofratieadf, 91/8 el Gobutylene /
ey, gy DATHEA R 4 B4 pphgners 1 the
s LTINS T80, B o
initiator/coinitiator solution was prepared by dissolving 200 microliters of a 1.0
mol/L solution of hydrogen chloride in CH,FCF; into 50 ml of pre-chilled
CH,FCF3. To this solution was added 500 microliters of a 1.0 mol/L solution of
ethylaluminum dichloride in hexane. This solution was stirred for 5 minutes.
Polymerization was begun by the dropwise addition of the initiator/coinitiator
solution into the monomer solution with stirring. The addition of this solution was
maintained at a rate necessary to keep the polymerization temperature from rising

above -92°C. A total of 35 ml of the initiator/coinitiator solution was used. A 500

ml glass resin kettle was used for this example.

Table 18

Conversion | M,

Example | Diluent (Wt%) X 10'? M,/M, Mol% CPD | % 1,2

148 CH,FCF; 50 527 1.9 5.3 15




contents of the test tube. After the diluent reached
its boiling point, the mxture was cooled to -90C by

WO povei0598e]) t he test tube into the cold bath. Re@EDUS®A3/040903
observations were nade after the conpleted
heating/cooling cycle. If aftgr this first heat/cool
cycle, the catalyst did not dissolve, 0.5 m of nethyl
chl ori de was added. The heat/cool cycle was repeat ed.

SRS MR Oy R LR s

EADC was observed to dissolve or a 50/50 V/V bl end
chi eve Th |1 owi ng ob er ons were nade
W?@“Mor degfh%@ﬂilﬁ?f Testsy PP éi@é 10HF @5 1watg) performed
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O.iﬁﬂﬂwngt\hw Shind 1o diee Qorﬁiemdsh,}@llrcﬁhfdrmaa:bdeBﬁncharged into a
. ARSI 0 BRSSP B G o
f'zpf xﬁfcr&ﬁé}s of'"nQat5 I#ﬁeétﬂg‘lhluqﬁﬂéﬁx o@%éﬁg@(@é@b) Y&s %dded.

particles
cl Sn]mi;lhtynwamhscltddé)ypagdroudl}e agl’wﬁng @lﬂafhle@lﬂﬂﬁg thixture. The m1xture
PCT/U200/O4903 93 + 0.5 lde 8 Stil
| ¥ 0FH AgyWed I WaHR t‘i‘ré}t%?ﬂlﬂ?&l%l’%‘ﬂ Bgt QP WP% Iaélé%tmg the

+ Qnkids JrRLOWst &IBLOT Ader fﬂl@ dﬁﬁé{tlrh(ac@lle@?t"s boi'Il ;ﬁ)? the mixture
met hyl chloride 47 C ear 0.5m nethyl chl e

chqowz@wor’@ tish anmesirg tha t&’atmbe 1gp théeold bath. Reported

ulatlon occ ter cessation of stirying, )
o e ey %fg?gaﬁ%g%nlet aBR/roliag ovgle pafter this
Weﬂil@t ];'iléat/l:&ﬂ @Stle, Hiesdaﬂillyest dfd AdtuRésBRR! b3NR1 b e3P thioride was
added. The heat/cool cycle was repeated. Subsequent additions of 0.5 ml of

methyl chloride were made following each heat/cool cycle until the EADC was
observed to dissolve or a 50/50 V/V blend was achieved. The following

observations were made and recorded.

1,1,1,2-Tetrafluoroethane (HFC-134a)

Table 19
Preparation Volume % Méthyl‘ Observation
Chloride

EADC + 5m]l HFC-134a 0 Insoluble ‘chips’
+ 0.5ml methyl chloride 9 Fine-scale flocculation
+ 0.5ml methyl chloride 17 Fine-scale flocculation
+ 0.5ml methyl chloride 23 Cloudy suspension,; slight floc at b.p.
+ 0.5ml methyl chloride 29 Cloudy; very small particles
+ 0.5ml methyl chloride 33 Less cloudy; no visible particles




Tabl e 20 Preparation Vol une % Met hyl Qbservation

Chloride EADC + 5ml HFC-32 0 Insoluble “chips' +
w@2@at058seg hyl chloride 9 Slight cloudy + 0.Sm PeEU003/040903

chloride 17 Sone flocculation + 0.5nl nethyl chloride

23 Cear Fluoroform (HFC 23);Tabl e 21 Preparation

Vol unme % Met hyl Cbservat Lon Chl oride EADC + 5ni

HFC-23 0 Insol uble Chl ps + 0. 5nl net hyI chI oride 9
| psotubte—=+"05nt—rethyt—chlorideri7tnsotuble—+
0./5rH0. Smétmval eoridei e 23 13%sol ubl ¢ WO 2064l B58gasly
PCTHUS20031 040903 —94—+0-5ntrmethyl—chtortrde—20——
| nsolQfsmlanethyl chlgide et hyl 4hl ori de 33 | nsdlearty fdear+
0./5mt—ethyt——chtoride—38tnsotubte—+0-"5nt—rethy
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[00206] In the tests in Table 19, the flocculation occurred after cessation of
stirring, from a very cloudy suspension. The original ‘chips’ were no longer

visible.

Difluoromethane (HFC-32)

Table 20
Preparation Volume % Methyl | Observation
Chloride
EADC + 5ml HFC-32 0 Insoluble ‘chips’
+ 0.5m] methyl chloride 9 Slight cloudy
+ 0.5ml methyl chloride 17 Some flocculation
+ 0.5ml methyl chloride 23 Clear
Fluoroform (HFC-23)
Table 21
Preparation Volume % Methyl Observation
Chloride :
EADC + 5ml HFC-23 0 Insoluble ‘chips’
+ 0.5m] methyl chloride 9 Insoluble
+ 0.5ml methyl chloride 17 Insoluble
+ 0.5ml methyl chloride 23 Insoluble




+ 0.5nml nethyl chloride 9 O oudy suspension + 0.5m

nmet hyl chloride 17 O oudy suspension + 0.5nl nethyl
w@hdoanssses 23 Cl ear solution 1, 1 -difl uroet harer/5#603/040903

1 52a) Tabl e 23 Preparation Vol une % Cbservati on

Met hyl Chl oride EADC + 5m HRg- 152a 0 Sol ubl e [ 00207]

The solubility tests perfornmed in Table 24 were

perforned using 1.0 nol/L stock hydrocarbon sol utions

off—ethytratum num dichiori de (EADC) —prepared—at—room
teﬁb%ﬁ@%mﬂ@ﬂﬁh@ﬁﬂﬁﬁat EADZ and t he hydr ocar bbwolublst ed

the—tabte, Pentane refers to mormat—pentane—ukB

h(—: xahel ’Flétf%lrcgloflée an ultrd3l ow benzene gradinselible

hexanmes—anm T Someric m xture, whi¢h contarns—tessthan

5 pbwmbnztbﬂ&hbsfkws PCT/ 882003/ 040903 95 blnelsble.

The f1mat etraft uor oetttanme (HFC-134a)

sth??’@thB%le]Pé‘é"al ed by4adding {he roomteh‘)ﬁ@lﬂbl?ure
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t +9?@hmﬁhﬁpébméﬂa in a 6ést tubé held at - Bselublen
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cal Hoﬁﬁiﬁa?ﬂéPWﬁgﬁated at 5095C. The cloud pbipitblaas

determ ned by noni toring the tenperature of the tTquird
with a thernoneter and visually determning the onset
of Lt/ slrtflueessthanF iEF€ell430) ons agai n becane cl ear by
allowing the solutions to warmto a tenperature above
the cloud point. The behavior of the solution around
the cloud point was observggpfearz several m nutes by
repeatedly cooling and warmng the solution. This
phenonenon was found to be reproducible Table 24

Lhrale rihn Al ar o) | 1 h’\l

3o R T T l@%f;;;wa' cony CRphRfOPC
- I]IELADC + 5ml HFC-143a Insoluble ‘chips’
+ 0.5ml methyl chloride 9 Cloudy suspension
+ 0.5ml methyl chloride 17 Cloudy suspension

+ 0.5ml methyl chloride 23 Clear solution

1,1-difluroethane (HFC-152a)

Table 23
Preparation Volume % Observation
Methyl Chloride
EADC + 5ml HFC-152a 0 Soluble
[00207] The solubility tests performed in Table 24 were performed using

1.0 mol/LL stock hydrocarbon solutions of ethylaluminum dichloride (EADC)
prepared at room temperature from neat EADC and the hydrocarbon listed in the
table. Pentane refers to normal pentane. ULB hexanes refers to an ultra low

benzene grade of hexanes, an isomeric mixture, which contains less than 5 ppm



ton (m) (W.?9 C) Pentane 100 10 0.1 -87

ggln?fane 1(74 )15(0. 1/?8(7 ULB hexanes 174 15 0.1 _g5
w®odososdseg y of Al koxyal um num Di chl orides in PCT/US2003/040903

1,1,1,2-tetrafl uoroet hane (HFC- 134a) [00208] The

solubility tests reported ingfable 25 were conducted

by preparing each al koxyal um num di chloride in situ.

A general procedure follows. A solution of the o1
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-87 [00209] Al patents and patent applications, test
rocedures (such as ASTM

Hydrocarbon | Volume (microliters) Volume of Final EADC Cloud
of 1.0 M Stock EADC HFC-134a Concentration Point
Solution (mL) (Wt.%) &)
Pentane - 100 10 0.1 -87
Pentane 174 15 0.1 -87
ULB hexanes 174 15 0.1 -85

Solubility of Alkoxyaluminum Dichlorides in 1,1,1,2-tetrafluoroethane (HFC-
134a)

[00208] The solubility tests reported in Table 25 were conducted by
preparing each alkoxyaluminum dichloride in situ. A general procedure follows.
A solution of the corresponding alcohol was prepared by adding 0.0001 moles of
the alcohol to 10 milliliters of HFC-134a at -30°C. To this solution was added
100 microliters of a 1.0 mol/L stock pentane solution of EADC. After this last
addition, the HFC-134a solution was shaken periodically over the next five
minutes. The solution was allowed to warm to -10°C in a closed vessel and then

cooled in the dry box cold bath thermostated at -95°C. The cloud point was



met hods), and ot her documents cited herein are fully

i ncorporated by reference to the extent such
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for all jurisdictions in which such incorporation is

permtted. [00210] Wen nunmenscal lower limts and

nunmerical upper limts are listed herein, ranges from

any lower limt to any upper limt are contenpl ated.
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[00210] When numerical lower limits and numerical upper limits are listed

herein, ranges from any lower limit to any upper limit are contemplated.

[00211] While the illustrative embodiments of the invention have been
described with particularity, it will be understood that various other modifications
will be apparent to and can be readily made by those skilled in the art without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present

invention, including all features which would be treated as equivalents thereof by

those skilled in the art to which the invention pertains.
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» 4hdogitde 2l J1uRfiBorbe iRt L NER- dlﬂuoroethene 1,1,2-trifluoroethene; 1-
3-tetrafluoro-I-buténé: 1, 1,3, 4

|Iflvereprppanat enet, 1-ﬂ1fh104011t010@ter af | uafd@ﬂlllorblumpmy 1,3-
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UOt o- ene,
4r1ﬂ&<brbpfdpl§ﬁﬂ o-1l T, bttiiﬁnﬂoprépéhe'ﬁ 42 3-trifluoropropene; 1,3,3-
ro-1-butene; 1,3,4,4- tetrafl uoro- | - but ene;
4r1 BOIPRIOPERS: -3 WY D0 RIOn S 283 Pdiiflusppopena dofigoro-
ut I e;
{Gend, Beftol | SRRt SHGH BUERS 4-Buorp;Lbuteng; 1.1
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ét traflu dgﬁltpeng;b ) . _
, UG r}t' I:Ilfor @4 Eyb-butene;  2,4-difluoro-1-butene; 3,3-
» JifludRONLBRteMOT 4L diAHEB D butene;  4,4-difluoro-1-butene; 1,1,2-
, 4, 4- pentafluoro-l-butene
3r1ﬂu(pjgnlt -bifitengy rld.,?p-i:mfll,uom-bulqrm, 3,1 4-#tifluoro-1-butene; 1,2,3-
ér

1ﬁu0ro]‘l Qﬁ{er?en% 2 AIL tri uoTo-’l Abul?e%%t ?f3| -trrﬂ%oro P%utene '1,3,4-

trifluoro-1-butene; 1,4,4-trifluoro-1-butene; 2,3,3-trifluoro-1-butene; 2,3 ,4-
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trifluoro-1-butene; 2,4,4-trifluoro-1-butene; 3,3,4-trifluoro-1-butene; 3,4,4-
trifluoro-1-butene; 4,4,4-trifluoro-1-butene; 1,1,2,3-tetrafluoro-1-butene;
1,1,2,4-tetrafluoro-1-butene; 1,1,3,3-tetrafluoro-1-butene; 1,1,3,4-
tetrafluoro-1-butene; 1,1,4,4-tetrafluoro-1-butene; 1,2,3,3-tetrafluoro-1-
butene; 1,2,3,4-tetrafluoro-1-butene; 1,2,4,4-tetrafluoro-1-butene; 1,3,3,4-
tetrafluoro-1-butene; 1,3,4,4-tetrafluoro-1-butene; 1,4,4,4-tetrafluoro-1-



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

WQ2®4/0858%281- pent af | uoro-1-butene; 2,3,4,4,4- PCT/US2003/040903
pent af | uor o- 1- but ene; 3, 3, 4, 4, 4-pentafluoro- 1
-butene; 1,1, 2,3, 3,4- hexafl ypro-| -butene;
1,1,2,3,4,4-hexafl uoro-1-butene; 1,1,2,4,4,4-
hexaf | uoro- 1- but ene; 1, 2, 3, 3, 4, 4- hexaf | uor o-1| - but ene;
1,2, 3, 4ufonfl: o REXahd il 8rd- 1B RE1€1.34.4-tetrgflyorg-1;
233 {5 R Ity Bt tang: 1 T8 org-1ibyfene; 2,4,4,4-
hept af Itctmfhlord_-l -dutenene3,3 4,4- ﬂetlﬁﬂﬁqm 14b14teimpt3a4 K deetaflioro-1-

- but en 1, hept af | uor o- - but ene;

1,2, 3, uze 5 ﬁrle?p% afnea@ﬂam{o -@Evtsﬂ% &}Zﬁb drgpyadiuoro-1-butene;
but ene; §%) f4|4ugé Qafﬁro‘?éltlﬁdﬂl?enel’lll ﬂBf4LI%iaEé}ru%r6wa%fb%e 1,1,3,4,4-
1, 2-di fldoro but ene; ['uoro- 2- but ene;
1, 4- di frentefloom-biuienes. 2, 3 ldMHtpeotaﬂubm bhatend;, 1, 11,2,3,3,4-

rifluoro- but 1,1, 2- l,uor 2 bu

1, 3- % B%rroo ufgﬂ?ene 1;2 ilj'ﬁ-pe igutfhﬁutené2444'
, 2, 3- tgehfaklue¥oor BufeHé;ene; 238,34 4ﬂeﬁtaﬁh@ﬂf Il’oateﬁé’ft enep 3 4.4 .4-
1, 2-tetrafl uor o- 2- butene 1, 1,

1,
t et r afrieniofloom-biwtene: 1 313.4.44-pengafiugro-d dme@, but éAe.3.3,4-
2 bu tyafl uor oz
e?h %ﬁ%&g{) iut?ft%r SE u%,?%eaf,% ulfexgﬂuorg S bu’?‘ene 1 % ,2,4,4,4-

, JeBafhend-dfbuietep- 2- bQB@TW 4-hexaﬂu0ro 1-butene; 1,2,3,4,4,4-
ent af | uor o- 2- but e

: élefia e-Athuiencs - 2 2t éﬁél-hej(aﬂuqmgrl -putene;  1,1,2,3,3,4,4-
P jifeRudoltbafite, 1y 123,84 A-RGARAIPS AU E3% 4.4.4-

2
a
2,4 pent a Ut éne;

3, hehflabtoubbotefe;butleh® 3,414,4-héptafldord-1-butene;  1-fluoro-2-
f

4

f

en
1
1
1

l, %ﬁigﬂbﬂé&ge}gblﬁgﬂ%ngl d:}_ﬂliorg_ 24b1£e11§_, 1,2-difluoro-2-butene;
| qos-arfﬂrom&%eenela ]49-d?1ﬂ§®14) Avtigxal b 90iRurd-DBkERS: 1,1,1-

1,23, 4,4- heptafl uoro- 2- but ene;
1,1, 1, Zrifluarof2-hetgneifll Lt uwrodtene; adB-wifkiorr-2dutene; 1,1,4-

ther eof ﬂZ(?rloTi] BuRh&C €55 s’? trlﬁllloafl) 29 e%%l\}{]w(;er ell €4 réﬁléog?%abu'fene

nor e hy uorocaﬁbon( entf?

f r om t hel, g ravpafbens2siitde; of f I1 gw-camﬂh(mez butene; 1,1,1,4-
di f1 uor onet hane, trlfluoronethane
- di f | udeterdluereré-buteng; 11,1¢%3- ¥qtraﬂla@@t%hw§ne 1,1,2,4-tetrafluoro-2-

20041 OSHSIE PCH OSS008 DISeRa oL o Pire B Raduntoybutenc

any of Icl,d2@spentafbioro-2viiugme; ﬂ,lhé,%dnteﬂmbrcnmmtans,esl,l,1,4,4
from 15pentaﬂuoro-2-butene; 1,1,2,3,4-pentafluoro-2-butene; 1,1,2,4,4-
pentafluoro-2-butene; 1,1,1,2,3,4-hexafluoro-2-butene; 1,1,1,2,4,4-
hexafluoro-2-butene; 1,1,1,3,4,4-hexafluoro-2-butene; 1,1,1,4,4,4-

hexafluoro-2-butene;  1,1,2,3,4,4-hexafluoro-2-butene; 1,1,1,2,3,4,4-

a
a

heptafluoro-2-butene; 1,1,1,2,4,4,4-heptafluoro-2-butene; and mixtures
thereof.

7. The process of claim 1, wherein the one or more hydrofluorocarbon(s) is
independently selected from the group consisting of fluoromethane,
difluoromethane, trifluoromethane, 1,1-difluoroethane, 1,1,1-

trifluoroethane, 1,1,1,2-tetrafluoroethane, and mixtures thereof.



to 100 vol une % HFC based upon the total volunme of the

diluent. 9. The process of claim8, wherein the
waledowesss2g onpri ses from 20 to 100 vol ume % HAEECDES®A3/040903

upon the total volume of the diluent. 10. The process

of claim9, wherein the diluggpt conprises from25 to

100 vol une % HFC based upon the total volune of the

diluent. 11. The process of any of claims 1 to 10,

wherein the diluent further conprises a hydrocarbon,

a non-reactive olefin, and/or an inert gas. 12. The

prdcessTlef protess of ady, ofidisimsilrio 7heshbuetr Mo @ilaewt dompsises from 15

hal ogenat dro n qther than an HFC. 13. The
pr oc esg[oc}ﬁg ¢ Pgﬁﬁ %%ﬁ&ﬁé&egiuame the Akl vejamatod the diluent.
hydrocarbon is nmethyl chloride. 14. The process of

arCB/ of claine 1 to 13, wherein the one or nore Lewi s
aci-d( s)Thesproegrsesfecitiod Spyvhietedn filor dilent Médiprisdrefreinn2Mio 100

is a o 4 r 14 nmetal; and each X.is a
hal ogen‘fOIII ?ly"rﬁgc&aé% n&ﬁe @Fﬂ? v8 ithgdifueng 13,
wherein the one or nore Lewis acid(s) is represented

by the formula MR'X4 " ; wherein Mis Goup 4, 5, or
1410vet alhe processRfi daim Qpmbwrirethe diluand cOtPribgsdfromaz b om 100

consi ot WIREPTRE ot G R bR g Ee Bielar

and cycloal kyl radicals; nis an integer fromO to 4;
and each X is a halcgger). WO 2004/ 058828 .
PCH Us2Oarocrsn obany i zlaims 11né0pvkareinghediluany fusther comprises

| ai ' g 2 L ew id
s epratam bR R A BT AR Rt ) 7 O
wherein Mis Goup 4, 5 or 14 netal; each ROis a

oval.ent Cl to .hydrocar boxy radi cal
i ndepe nPfagess oggc?mmy?{, W%ere?n %he hydrocarbon is a halogenated

hydrocarbon other than an HFC.

13. The process of claim 12, wherein the halogenated hydrocarbon is methyl

chloride.

14.  The process of any of claims 1 to 13, wherein the one or more Lewis
acid(s) is represented by the formula MXy;
wherein M is a Group 4, 5, or 14 metal; and

each X is a halogen.

15.  The process of any of claims 1 to 13, wherein the one or more Lewis
acid(s) is represented by the formula MR, X4, .
wherein M is Group 4, 5, or 14 metal;
each R is a monovalent C; to Cj; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 0 to 4; and

each X is a halogen.



sel ected fromthe group consisting of an al koxy,
aryl oxy, aryl al koxy, alkylaryloxy radicals; each R
w0 go0a/0sseoval ent CL to Cl2 hydrocarbon radi cal PCT/US2003/040903
i ndependently selected fromthe group consisting of
an al kyl, aryl, arylalkyl, aljgylaryl and cycl oal kyl
radicals; nis an integer fromO to 4, mis an integer
fromO to 4, wherein the sumof n and mis not nore
than 4; and each X is a halogen. 17. The process of
anY of clains 1 to 13, wherein the one or nore Lew s
@( s) The progpssesfeatyedf bipimhéd tootIruwkerein the one or more Lewis

mat al m%“é‘gﬁ{mﬁg% % ﬁﬁ%ﬁ%r*ﬁﬁ%@ %@@g@f or 14

hydr ocawp@@ﬂllMﬁgglr&@M 5l sdppgpegent |y sel ected fromthe
group consi sting of "an al kacyl oXy, aryl acyl oxy,

aryl al k@ﬂlchcﬂ@ d% ¢, mendvgpleat Ql acﬂ3®>hydmainboajr sadiem dhddgendently
is a e to C12 ocarbon adi ca

i ndepen% d Pr%gle cPeyP fcfoé%ﬁ {nﬁ% Oér%hﬁk%}‘rs?@quﬁfg agflalkoxy,
an al kydlkylalryydx,y radighlgl Kyl , al kylaryl —and cycl oal kyl
radicals; n is an |nteger fromO to 4, mis an integer
from 0 96h R’ ighemgnevelpet Quﬁpdﬁunhsah@lcamqrsradmal rindependently

t han 4; 18 The ocess . of
any of 9 egl{égsﬁ%ﬁqhg(%éup er eS?gg %ﬁ i, Pr}ﬁ’o Fa@@'\}\z kylaryl
aci d(s)ands:yclepkylsﬂﬁioaké by the formula MOX3; wherein M

is a Goup 5 net gnd WO 2004/ 058828
PCT/ USZbﬁSaPGHtﬁ% Oni % 4each X is a halogen. 19. The

proc essm 9 arPiiVeglf 6 185, WhkRirl the WSS dhat % SRR than 4;

nore Lew s
and

each X is a halogen.

17. The process of any of claims 1 to 13, wherein the one or more Lewis
acid(s) is represented by the formula M(RC=00)pR' X4 (m+n);
wherein M is Group 4, 5, or 14 metal;
each RC=00 is a monovalent C, to Cs hydrocarbacyl radical
independently selected from the group consisting of an alkacyloxy,
arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals;
each R' is a monovalent C; to C;, hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 0 to 4;
m is an integer from 0 to 4, wherein the sum of » and m is not more than 4;
and

each X is a halogen.

18.  The process of any of claims 1 to 13, wherein the one or more Lewis
acid(s) is represented by the formula MOXs;

wherein M is a Group 5 metal; and



acid(s) is represented by the formula MX3; wherein M

is a Goup 13 netal; and each X is a halogen. 20. The
w@e@emsss2of any of clains 1 to 13, wherein thePONESIN3/040903

nore Lewis acid(s) is represented by the formula

MRLX3-n wherein Mis a Goupi@3 netal; each Ris a

nmonoval ent Cl to Cl2 hydrocarbon radical independently

selected fromthe group consisting of an al kyl, aryl,

aryl al kaakh Xeiklaamygyh. and cycloal kyl radicals; n is an
integer from1 to 3; and each X is a halogen. 21. The

process of any of clains 1 to 13, wherein the one or

Lew i.d represent.ed t.he formul a )
V) e ssarof Bl iy & IR 18" B o he Rf ar sl
RO i's acidgs)dy dpesibnted by theG3miydnrgar boxy radi cal
i ndependent | ?f\ghisel ected fromthe group consisting of

an al ko¥Rereig M s Grougr i metrbryd  al kyl aryl oxy

radi cal s; LS a nonovalent Cl to Cl12
hydr ocaeég%%qggglﬁggﬁi ndependently selected fromthe

group consisting of an al kyl, aryl, arylal kyl,
al kylaryl and cycl oal kyl, radicals; n is an integer _
fridm 0 fb& Brocess | & any of¢laignsy 1 tp dy (Vhetrin thevhae oF pnamhdewis

sum of ' : each X is a
u a’&lcgég.cis frgﬁgégété@ﬂ} thelBrula X

t
hal ogen. OCESS of? any of™“cl"ginms 1 to 13,
wher ei rwhengndhés Grouprld hewi s aci d(s) is represented

by the faormul.a RC= f R, mX3-( mtn).; erein. Mis a
& oup F15hat af o HEPQtR 036k POV issous, Baiss0depenently
_eagh R@gﬁatefisrnﬁn TR @M EldhsiBieY 8F @h RAGH] alyRAirfEliyl, alkylaryl
i ndependen
g and cyclzalkyl radicals;
n is an integer from 1 to 3; and

each X is a halogen.

21.  The process of any of claims 1 to 13, wherein the one or more Lewis
acid(s) is represented by the formula M(RO)R 10 X3-(mrtn);
wherein M is a Group 13 metal;
each RO is a monovalent C; to Cs hydrocarboxy radical independently
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy,
alkylaryloxy radicals;
each R' is a monovalent C; to C;, hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 0 to 3;
m is an integer from 0 to 3, wherein the sum of # and m is from 1 to 3; and

each X is a halogen.

22.  The process of any of claims 1 to 13, wherein the one or more Lewis
acid(s) is represented by the formula MRC=00):R'uX3.(m+n);

wherein M is a Group 13 metal;



selected fromthe group independently selected from

the C2 to C30 group consisting of an al kacyl oxy,
wa@eoohassgboxy, aryl al kyl acyl oxy, al kyl aryl acyl P&EUS2003/040903

radi cals; each R is a nonovalent Cl to Cl2

hydr ocar bon radi cal independgptly selected fromthe

group consisting of an al kyl, aryl, arylal kyl,

al kylaryl and cycloal kyl radicals; n is an integer

fromoO éth?’RCmO(? hnfn (t?%al OH}(lcgoEeRbg’ l;’g&ﬂfcg 1néep%ndently

sumof n and mis
hal ogensel@gd ffore the gmsndﬁpeadgnﬂgfsetdcwdn&orﬁ th® Cl3o C3p group
wherein the.one o nore WI}%P’F aci d(s) | S represented

by the $955HPE MRY: fher @ % a @ylagpos merdelkylacyloxy,
each X;ﬂﬁ]ﬁmmﬁbgg§théﬂg y is 3, 4 or 5. 24. The
process of any of "clains 1 to 13, wherein the one or
mor e Lesdich R'atsi @ (tsgnovalente O gs e(atzelﬂydwcarﬂsml taticalliadependently
MRhXy- n (Eou 15 net kgvea h Ris a

b

ronoya st £oR 8 etarb CorRtfing bRtk Srdep il kylary!

sel ect eﬁldfdy@mhn(:yprag[@gp consi sting of an al kyl, aryl,
aryl al kyl, alkylaryl and cycloal kyl radicals; nis an

i nt eger”fsra@rmwgﬂd'mmo)ioﬁs 3, 4 or 5, whereinnis less

any of "ASH IR Fom bR Sl REL i B RITESEA B0 and

aci d( s)each X gprtasgehed by the fornul a
M RO nR mXy- (m+n); wherein Mis a Goup 15 netal, WO
2004/ 058828 PCT/ US2003/ 040903 105 each RO is a

i"ﬁi(}»gval @‘ﬂa[ ?ﬁ}estsoof%gf Y 8605245 085, A &8 the one or more Lewis

penden
acid(s) is represented by the formula MX;

wherein M is a Group 15 metal;
each X is a halogen; and

yis3,4orS5.

24.  The process of any of claims 1 to 13, wherein the one or more Lewis
acid(s) is represented by the formula MR Xy,
wherein M is a Group 15 metal;
each R is a monovalent C, to Cy, hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 0 to 4;
y1is 3,4 or 5, wherein n is less than y; and

each X is a halogen.

25.  The process of any of claims 1 to 13, wherein the one or more Lewis
acid(s) is represented by the formula M(RO)uR'nXy-n+n);

wherein M is a Group 15 metal,



sel ected fromthe group consisting of an al koxy,
aryl oxy, aryl al koxy, alkylaryloxy radicals; each R

w0 go0a/0sseoval ent CL to Cl2 hydrocarbon radi cal PCT/US2003/040903
i ndependently selected fromthe group consisting of
an al kyl, aryl, arylalkyl, aljylaryl and cycl oal kyl
radicals; nis an integer fromO to 4, mis an
integer fromO to 4;, yis 3, 4 or 5, wherein the sum

of n anghcMRE ib @SfoddiaRnY C; T, %?ﬁ{bg%rfg)%y \?ﬁd}&h ggge&ﬁrédently

26. The process of any of clains ereéein
one or sebactedl Bwins theagiodp sqonkisting pif ee alkedy,byryldxg, arylalkoxy,

formul a ~Q0) " .R.mXy (mtn); wherein Mis a Goup 15
net al ; %g%gg@fg%?gWé&a nonoval ent C2 to C30
hydr ocagRaY! RXY nicivaht Cine E@ﬁﬂlﬁ&ﬁﬂ&éaybo%eﬁ%%a?q e)i(e;)%aenﬂy

t he grouF consi sting of an al kacyl'oxy, ary acyl%
aryl al ksplegted| op, thegkgupagopisisting of yinradkiylc ahys,, arghditylRilkylaryl
is a nmopavalen 1 to Cl2 hydrocarbon radica
indepeﬁ%@ﬁ?ﬁ@akggﬁgg?gd fromthe group consisting of

an al ky# is adnitegerdfonh ahtdcyd , al kylaryl and cycl oal kyl
radicals; nis an integer fromO to 4, mis an
i nt eger” iy ¥ninteeelrgm Qtoids 3. 4 or 5, wherein the sum

of n ang:.m ] : , ach, X s _a. hal ogen.
27. Th Sr@b%érsé’e‘g ertgﬁsﬁ‘eo c?g'?ﬁnsae’f R %)esi AMdh&%ein the
one or awoh X ikewakgemci d(s) is i ndependently sel ected

fromthe group consisting of titanium tetrachloride,

titaniumtetrabrom de, vanadiumtetrachloride, tin

t etgr achpr ' | 1 et lor i -t ' .
o ol B b B0V MR! A0l ol W Lo
vanadi weidis)dsriepeesented hy trei fdemnuls M(REHQO),BE X, (mm);

di benzy KT BATE GFeR BIPHE:  benzyl 21 r boni um

tmralt ﬁgl ﬁaltﬂgﬁ?%ﬁ?beﬁ@)ﬂ FhdreQlesmcdi By iy, dﬁydrocarbacyloxy radical
independently selected from the group consisting of an alkacyloxy,
arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals;
each R' is a monovalent C; to Cj, hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;
n is an integer from 0 to 4;
m is an integer from 0 to 4;

¥1is 3,4 or 5, wherein the sum of » and m is less than y; and

each X is a halogen.

27.  The process of any of claims 1 to 13, wherein the one or more Lewis
acid(s) is independently selected from the group consisting of titanium
tetrachloride, titanium tetrabromide, vanadium tetrachloride, tin
tetrachloride, =zirconium tetrachloride, titanium bromide trichloride,
titantum dibromide dichloride, vanadium bromide trichloride, tin chloride
trifluoride, benzyltitanium trichloride, ~dibenzyltitanium dichloride,

benzylzirconium trichloride, dibenzylzirconium dibromide, methyltitanium



WO 2004/ 058828 PCT/ US2003/ 040903 106 trichlori de,

di methyl titani umdifluoride, dinethyltin dichloride,
w@b@agsssahadi um trichl ori de, nethoxytitani um PCT/US2003/040903

trichloride, n- butoxytitaniumtrichloride, _

di (i sopropoxy)titani um dichl gsd de, phenoxytitani um

tribrom de, phenyl methoxyzirconiumtrifluoride, methyl

nmet hoxytitani um di chl oride, methyl nethoxytin

di chl 0rﬂri@ﬁlon@@nzﬂlmeﬂl?ﬁ@irﬁlﬁﬁxy\d?fﬁﬁ)gfdgm ddlﬁl'éh’l?’[t de, dichloride,

acetoxytitaniumtrichloride benzoyl zi rconi

t ri br onplgaylvhagdnoy| oﬂydﬁhlpadq:,um mlethbk}amtanldm trlchlorlde, n-

I t ace t itaniym_ .
i chi orreie Byl " B v RO OIS dchioride,
vanadi Lpneﬁwﬁftarﬁmh%bmld@lpﬂéhﬂﬁ[@th&x&k&éunﬁ{rh ﬂu@rﬁfgo thethyl

trifluoride, galliumtrichloride, indiumtrifluori
et hy| al methaushtenien chcheriderenefiidl undthowptidi ofitidetidte, benzyl

b I
ai on or R R GaR, O SRR et o wetlpeice

chlori d&nz@tlhydoaimm numAbEeERM] Chl Bdz8@oxytitanium trifluoride,
met hyl al um num sesquj chl oride , trimethylal um num

tri et hyPERTERAYMRIHIN Fehlogds.amsthvh reeioxetifhinddichloride, benzyl
et hoxy %eﬂ%)gﬂ&’:f?v%é%ﬂﬁrﬁ” gﬁqnd% 6v9ﬂad§1§1§] )?il(ytrlchlorlde aluminum

but yl pheno um num di oride
met hyl athulninndﬂn bbioar trifdyorid2, Geatliunh etrichiowidy] RRGAAX Mrifluoride,

t hyl al umi.num chl or. i sopr.opoxygal |.i um
di hi oAU, h#éf% meﬁl%ﬂ@lmmm% dighdoride, benzylaluminum

acet oxmmmldwm il 1941168 ¥ OURHMBMEm  chlorid
di br om de, benzoly 1t?)ft(]}yl/gal [1Tum gnﬁauorl of'zﬁll}H t hy cwonde,
acet oxyﬁhllna lalimighinor | dd}lom@gpr opidily)llammmﬂn um sesquichloride,

hexcar | ot eIy aOAR o B ofbirHghyrictytatuminum,

chl ori decth@yahinibgni dﬁ:hlo@fdéeré't}ib %rﬁlhfﬂlﬁlﬁﬁ' gignloRiis Mtdldi-tert-
trichloride arsenic |uoride tefrachlorid

t et r apPEHKPheR PW?élﬁ?mém dichipsider mqsheny Inmhhyladumwum chloride,

i ot hoky e CER SRR oy AR PE ey o gppcnyalium

chl or odiichidriviex pherpixp enethlylindilon ghtidexacatoxyAl8@minum dichloride,

acetat ot et rachl organti npny,. (benzoat o)
tetr ac?ﬂe ?HWP]HHHW romléﬁubwzoal@a&all@na hifppdde, methyl

acetoxyaluminum chloride, isopropoyloxyindium trichloride, antimony

hexachloride, antimony hexafluoride, arsenic pentafluoride, antimony
chloride pentafluoride, arsenic trifluoride, bismuth trichloride arsenic
fluoride tetrachloride, tetraphenylantimony chloride, triphenylantimony
dichloride, tetrachloromethoxyantimony, dimethoxytrichloroantimony,
dichloromethoxyarsine, chlorodimethoxyarsine, difluoromethoxyarsine,

acetatotetrachloroantimony, (benzoato) tetrachloroantimony, and bismuth

acetate chloride.

28.  The process of any of claims 1 to 13, wherein the one or more Lewis
acid(s) is independently selected from the group consisting of aluminum
trichloride,  aluminum  tribromide, ethylaluminum  dichloride,

ethylaluminum sesquichloride, diethylaluminum chloride,



28. The process of any of clains 1 to 13, wherein the
one or nore Lewis acid(s) is independently sel ected

WO p@a0sdses gr oup consi sting of al um num tri chlPCT/ti82003/040903
alum numtribrom de, ethylal um num di chl ori de,
et hyl al um num sesqui chl ori de, ,det hyl al um num chl ori de,
WO 2004/ 058828 PCT/ US2003/ 040903 107 net hyl al um num
di chl ori de, nethylal um num sesqui chl ori de,
di met hy ' hl or4: . horon_t [ oride, and . .
titanid%§¢l¥$ac oridéﬁgﬁ%gg’ThenE@%%gégn%glany“%@ndﬂond@
cl ai s dintethy28umisiner chloridenboronearifitioridel end tithbiuat ©fr§dhloride.
conprise a hydrogen halide, a carboxylic acid, a
carboxylic acid halide, a sulfonic acid, an al cohol,
a BNENOThe BroBAL YIGAY 6f AL 1o 38 LERdLA"
hal i de, zf grt :sary %r a <3I/IIll ﬁa(f ?%’e‘,%%él?[ etpf{? ?lléér(él I<%11f)f<ey1|111t1ator(s')
est er, enmistiadrydragenhklide, aamttmxylia atidy 4 cabyxyidadid halide, a
ether, a,tertiary aralkyl ether, an_al kyl halide, an
aryl R, i a wGohely s PheRdla R B g ol alkyl
hal i de.haBide, dh&tiROHEKS] BhliAA %flt'é?c;rae'll tdrOq 46t
wherein the one g{yom)rz i nit i’_at or(ls llgg %n%’e%e%ggm Fr;ﬂkyl
sel ect exftetratertisne atybetper areitisty arglkyt cthiSl, an WA} halide, an aryl

?SE Iglli In gl}aél)i_d %Q“EB%‘?Y?% maﬁﬁ?%gél%g’aﬁé&h%ﬂ Balide.

2-chl oro- 2- et hyl propane. 31. The process of any of
clainme 1 to 28, wherein the one or nore initiator(s).
i SO naelherrresass i awy elcelaignst ¥ 28, hegeio dhe ermnei moterigitiotor(s)

d [ b ' hydr. l.ogi-de,
v 096 il agiay, DUILRIRnEAT i IR choHe o,

acetic aci nor ¢ aci

aci d, heethaicd, @HHCA; CRHC@$I01C(22Chdro-2,4,4-trimethylpentane)
di chl oroggetic acid trichl oroacetic acid,

trifluépg ‘@ﬂ@@g%ﬁﬁﬁwhﬁm%ﬁForobenzoic acid, p-

fl uorobenzoi c acid, acetyl chloride, acetyl brom de,

ci nnanyl chloride, benzoyl chloride, benzoyl brom de,

t r3lehl orhsaweteps ohbmr oftdaimst I tof 28 ovleadietthd el @rmote, initiator(s)

{J; |f lf Fagg %ﬁ%ﬁ& gegl%c%:edcfrg%t t ,ea ?g?osulil)l go%rs]iisﬁngag% l%i‘drogen chloride,

e e N

br o deid: eimamicocsibe R atifls belloraghetis deith dichloroacetic acid,

trifl U%&H@H&@&ﬁs Lgcfd? n¥11iﬂlf<ﬂl)§)crejtige’aci%: p-chlorobenzoic acid, p-
fluorobenzoic acid, acetyl chloride, acetyl bromide, cinnamyl chloride,
benzoyl  chloride, = benzoyl  bromide, trichloroacetylchloride,
trifluoroacetylchloride, p-fluorobenzoylchloride, methanesulfonic acid,
trifluoromethanesulfonic ~ acid, trichloromethanesulfonic  acid, p-
toluenesulfonic acid, methanesulfonyl chloride, methanesulfonyl bromide,
trichloromethanesulfonyl chloride, trifluoromethanesulfonyl chloride, p-
toluenesulfonyl chloride, methanol, ethanol, propanol, 2-propanol, 2-
methylpropan-2-ol, cyclohexanol, benzyl alcohol, phenol, 2-methylphenol,
2,6-dimethylphenol, p-chlorophenol, p-fluorophenol, 2,3,4,5,6-
pentafluorophenol, and 2-hydroxynaphthalene.



t ol uenesul fonyl chl oride, nethanol, ethanol, propanol,

2-propanol, 2- nethyl propan-2-ol, cycl ohexanol, benzyl
wW@bk@aeksis2s phenol , 2- net hyl phenol, 2, 6- di met hyP@esn3/040903

p- chl or ophenol , p-fluorophenol, 2,3,4,5,6-

pent af | uor ophenol, and 2- hydrpgxynapht hal ene. WO

2004/ 058828 PCT/ US2003/ 040903 108 32. The process of

any of clainms 1 to 28, wherein the one or nore

i m4iat ISy fl

corki ot T gpar ML aEPEERART 1 P8RS LRI A hionc

2- br onois 2indepententlyesdlsdtquie fivanéhe 2rauipl comsisfing of 2-chloro-2,4,4-

nmet hyl propane; 2-bronp-2-net hyl propane;
2-¢ h?/ 0 f%lﬁ%?lwﬁa?rﬁ% pe n?'gffg?‘h‘é#ﬁ%ﬁ?‘ﬁﬂg}dpﬁ’lﬁaﬂe; 2-chloro-2-
2- br Ow%gbhﬁlpf'@;fan@' pegttﬁl@iﬁbmﬂn@ﬁw 1- chl 0nOsHr0-2,4,4,6,6-

nmet hyl et hyl benzene; 1-chl or oadamant an(ee,
1- chl orpsetanyethdhendans; 2rbromo-Bugl 6,6-phhtamethylheptane; 1-chloro-1-

- met hyl et enzene;. S-tert-butyl- 1, .

b1 s( - B ARESRE 1SR bhghratdng o Ffloroethylbenzene; 1, 4-
2- acet oy Lbdorg-1tfbiBlethyiP € Beabdhie; 2- BRALBYIyRA B=bis(1-chloro-1-
2,4,4-trinmethyl pentane; 2-acet OXI- 2- et hyl pr opane;

2- benz opPbxlptip]) beraepe:pRasatony-2,4,4-trimethylpentane; 2-benzoyloxy-
2- acet 2243 pent anet hyl hept ane:  2- benzoyl -

244 gz’%,ﬂgtrelﬁlie%}’g[%e%{ﬁ%g,ep?g%cee;m&y"f&e y?propane, Zf-%enzoyloxy-}

1- acet amythilpeeiahy;| et RyAdeRyeNed, 6l6-parantiydgaamit anBsnzoyl-
1- benzoyl xy6et hyl benzene; 1 ,4-bis(1-acetoxy- | -
met hyl e%/ ﬁgﬁ) -Bettiamethylheptane; 1-acetoxy-1-methylethylbenzene; I-

5-tert- 'd]aﬁmoé'n he( 1-1a6el, -1z Y et 1.
benzenee%%lil&ﬁ‘%Ié at ox%ﬂ% 4,14-t r?ﬁéi‘#}ﬁ%ﬁféﬁﬁgﬁ%; 1;4-bis(1-acetoxy-1
2- SOﬁrmghxlpﬂ@Dﬁ, lélbelizeriel;ret iﬁyﬂegdmtﬂrﬂe}bis(l-acetoxy-l-methylethyl)
2- met hgxy- 2- met ropang; 2-bhen oxy- 2- X

met hyl &%ﬁeﬁ’ﬁé; Z&ﬁrg?tﬁg&ﬁzﬁ:ﬁ?ﬂ?%ﬁ%l’%%i%met Ry S HRIBPHYe2.4,4-
2- i sOprigRRWYIpehtthe4, 6, 6. { ;o 1-mE V-
| - et htyl et hy béng’ene; Gzli%nnll%s)t§ oxlgg%lg%g&n@gﬁe; bR xy-2
1- met haxstbylpyaneeiz éhmethoxy-21,4 6.6-pestanwmtlyylhdptane; 2-isopropoxy-
met hyl I , i )
5-tert e%%}%fﬁ@?&@éﬁ%}g%l}ep&%?% oxy-Teetheryraethylethylbenzene; 1
benzeneanethoyalla@arfiaid; i S (1ImethbRyethylberbmy | etitbik(1-methoxy-1-
benzene. ﬁs. The process of any of clainms 1 to 32,

wher ei AStHECEND orbepsme: i n-tarab@yk b3-bis(lmagikoxyc bmsitivdeshyl)

a weaklysneoar di s kNG @LR,-13 of any of
‘claims 1T to 3%1 ﬁ%’ergf(zr%hﬁgo plf&égtgg%ﬁ}y@r%ﬁlgi%anti all'y
33.  The process of any of claims 1 to 32, wherein the one or more initiator(s)

further comprise a weakly-coordinating anion.

34.  The process of any of claims 1 to 33, wherein the process is substantially

absent of water.

35.  The process of any of claims 1 to 33, wherein the one or more initiator(s)

comprise greater than 30 ppm water (based upon weight).

36.  The process of any of claims 1 to 35, wherein the one or more monomer(s)

is independently selected from the group consisting of olefins, alpha-



absent of water. 35. The process of any of clainms 1 to

33, wherein the one or nore initiator(s) conprise
w@e@ansss2g han 30 ppm wat er (based upon wei ght)PCB6S20051¢40903

process of any of clains 1 to 35, wherein the one or

nore nononer(s) is independegntly selected fromthe

group consisting of olefins, al pha WO 2004/ 058828
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i sool ef §1B8fins, aRObsBRLE6HhE 1Dl RS con Rl i €

styrenics, substituted styreni cs,’%gﬁljdq{@s#%ﬁégf"h@??aﬁﬁlgmd

37. Thediprescewrsniss, substituted styrenicsy sidvinyletlone or nore

nmononer (s) is independently selected fromthe group

consi sting of styrene, para- al kyl styrene,

pag - NETHY [psdaskL €, claihd 3%; nRhdivin SleY 688%r more monomer(s) is

di vi nyl benzene, dii sopropenyl benzene, i sobutyl ene,

2- met hyipderepgdentlye ,SCISCtﬂ‘gtﬁin- thep greupe consisting of styrene, para-

2- met hylic Az ene, | adj , o

2, 3 i RS PRSPk g BRE . BAINERT oyreage divinylbenzen,
6, 6- di ndiisbylopényiibedizene, obasorse2-neis-0paRdRAB SN8hyl-1-butene,
net hyl cyclo?entadlene, pi peryl ene, nethyl vinyl .

et her, =hFhYIvmspieng: eprene.ahgadisns u1-yidipethyl-1.8ttiadiene, 8-
38. TheypLfRce anye. i_ t wher ei e

r eact ospli s Ind f)%%gfent’? 3§m§é?1efglt§vee ¥ ?%e%gfhﬁﬁé]grcgﬁ%p&ﬂadwne’
consi stimethybéyctopentadiene quserflensy méthylr ddylt ethde, ethgBein@T ether,
a plug fl.ow.reacto a noving belt or drumreactor,. a

jet or ar?gﬁqb@%’ ngg(if?tg}?{- a tubul ar reactor, a batch

reactor, and an autorefrigerated boiling- pool

reactor. 39. The polynerization process of any of

c13 ms Hhetpsoass ofpany ef elainkrel thi 3 Tieviereih de raadorelk éndepémiently
const a ater than 10 at -85C. .40. The process .of
claim %l,eg{f\eﬁe%rrgrinn{ EhEOHP fOREFIRE of oan§f”étr'1'%u°|%§ tg‘}"%asi“érred tank
t han 2Geacddr, a PRiG ekl realtde, PHRIREDRl or@rah Fedtfor, M\g&ro? InBzzle
the dielectric constant is greater than 25 at -85C

42. Thé3iese adububar reaciprsp aichypasien and b adtordfigarated boiling-
const arbtooj Sagpgater t han 40

39.  The polymerization process of any of claims 1 to 38, wherein the diluent

has a dielectric constant greater than 10 at -85°C.

40.  The process of claim 39, wherein the dielectric constant is greater than 20
at -85°C.

41.  The process of claim 40, wherein the dielectric constant is greater than 25
at -85°C.

42.  The process of claim 41, wherein the dielectric constant is greater than 40
at -85°C.

43.  The polymerization process of any of claims 1 to 42 to form a polymer

having a diluent mass uptake of less than 4 wt%.



at -85C. 43. The polynerization process of any of
clains 1 to 42 to forma polyner having a diluent
wore®s/osgseeke of | ess than 4 wt% WO 2004/ 05882BCT/US2003/040903
PCT/ US2003/ 040903 110 44. The process of claim43,
wherein the polynmer has a di jyent nmass uptake of |ess
than 3 wt % 45. The process of claim44, wherein the
pol ymer has a diluent nass uptake of |less than 2 w %
46. The process of claim45, wherein the polyner has a
di l uent mass uptake of less than 1 ww% 47. The
préces sThefpro(c@s i daim dhevleirein tieepgphynters ahtikient @hdsugtdke of
mass u gﬁ % /ess than 0.5 mt % 48. The
polynerF? hh%hPocess of any of claims 1, 8-10 or
14-47, the diluent conprising nethyl chloride and one
or more_hydrof | uorocarbon(s) independently sel ected
f r'om t hEhegrroenss eoslains 44, rhendin dief palpmentets hahleentimass uptake of
di f | uor,get nd 1,1, 1, 2-tetrafl uoroethane. 49. The
procesgggﬁﬁ%ﬁghﬁgn8 mherein the diluent further
conprises a non- reactive olefin, one or nore other
hydrocarbons and/ or an inert gas. 50. The
pctoy e r Y Beaarpesss ph deian 5. orhesiy ﬂ@ﬁprinaﬁni‘@SE dilyentonassiwptake of
proces§e$qgﬁffk@yng the steps of: reacting the one or
nor e nononer in the presence of one or nore Lew s
aC|d(s) one or nnre |n|t|ator(s) and a dil uent
one ydr.of | uor ocarbon(s) (HFC s);
Shk?rpé%?eﬁﬁo eip fhsRol yaerrhag @difuentgnass pptake of
polyneqh%qﬁagm5p&gpess of any of claims 1 to 49, the
process conprising the steps of: (a) introducing one
or nore nononer(s) into a reactor; (b) adding one or

Mofg® Leﬂllle po?ymergzaklor{lJl ?)fjocgsnseofo anynl%rc?alrlllgllt %Zalt C)orr(l 47 the diluent
comprising methyl chloride and one or more hydrofluorocarbon(s)
independently selected from the group consisting of difluoromethane, 1,1-

difluoroethane, and 1,1,1,2-tetrafluoroethane.

49.  The process of claim 48 wherein the diluent further comprises a non-

reactive olefin, one or more other hydrocarbons, and/or an inert gas.

50.  The polymerization process of any of claims 1 to 49, the process
comprising the steps of:
reacting the one or more monomer(s) in the presence of one or more Lewis
acid(s), one or more initiator(s), and a diluent comprising one or more
hydrofluorocarbon(s) (HFC's); and

withdrawing the polymer from the reactor.

51.  The polymerization process of any of claims 1 to 49, the process
comprising the steps of:
@ introducing one or more monomer(s) into a reactor;

(b)  adding one or more Lewis acid(s) and one or more initiator(s);



WO 2004/ 058828 PCT/ US2003/ 040903 111 (c) introducing
a diluent conprising one or nore hydrofl uorocarbon(s)

W@ RB@0s3828 and (d) withdrawi ng a pol yner from tPEr/Uus2003/040903
reactor. 52. The polynerization process of claim1l or
any of clainms 2 to 49 in whigh particles of polyner
are polynerized using a catal yst systemand a dil uent
conpri sing one or nore hydrofluorocarbon(s) (HFC s).

53. Thepol yitehiddld LBIRPESH riflfé% 8%?‘1)%%&e%d?c§¥ueo%carbon(s)

cl ai s to 49 In Ich partic
pol ynmeri zed (HF@s)sénd ry using a carbocationic

cat al yst. syst and a diluent conprising one or nore
hydr of | @& oc‘gﬁ%m@l}g %%gfrorggﬁrpﬂgobo| ymeri zation
process of claim1 or any of clainms 2 to 39 or 43 to

49 in which particles of polyner are polynerized
us?hg allesapelympstizatips tpseneahdf claingill ereamty, oftdtamdi2l 1w0edft in which

having a diel ectric constant greater than 18.50 at, - .
s5c. " SePeiglEs Gistiube 8 BB HenPad Bifhaaiist Risem &  diluent
di el ect¢dngpris@dsdn@idi nicte By @8f186rob4tBOn(sL@IHOs)at - 85C.

56. The process of claim55, wherein the dielectric

constant is greater than 20.00 at -85C. 57. The

' ' di el ectyi t ant .
L R T
cl ai m Sphartislee bEipolyniee ¢ @loBehdrized Gans sty isingheadrBécationic

than 30.Q0 at -85C. WO 2004/ 058828 PCT/ US2003/ 040903
112 59,88 pr SEEIE  oIde| & mdBgentyh SPBIPFSIBe Oone  or  more

di el emﬁ}jd%fﬁﬂﬁé&%@?,{?nbg iter than 35.00 at -85C.

60. The “process of , Wherein the dielectric
constant is greater than

54.  The polymerization process of claim 1 or any of claims 2 to 39 or 43 to 49
in which particles of polymer are polymerized using a catalyst system and
a diluent, the diluent having a dielectric constant greater than 18.50 at -
85°C.

55. The process of claim 54, wherein the dielectric constant is greater than

19.00 at -85°C.

56.  The process of claim 55, wherein the dielectric constant is greater than
20.00 at -85°C.

57.  The process of claim 56, wherein the dielectric constant is greater than
25.00 at -85°C.

58.  The process of claim 57, wherein the dielectric constant is greater than
30.00 at -85°C.



40.00 at -85C. 61. The process of any of clains 54 to
60, wherein the diluent is independently selected
WO p@a0sdses gr oup consi sting of at | east one of BCT/US2003/040903
hydr of | uorocarbon or a blend of a hydrofl uorocarbon
and nethyl chloride. 62. A pglynerization process in
whi ch particles of polyner are polynerized using a
di l uent conprising one or nore hydrofl uorocarbon(s)

(HC S) Thé BrochssCmaasd 5'k,oﬁfhgﬁﬁpfﬂeséliglgcﬁiiaecoﬂlﬁtggﬁ%t grpater than

obt ai nabl e by the polynerization process o

cl ai ms 35.0Qatt-85°4®, 50, 51, or any of claims 52 to 62.
64. A polynerization nediumsuitable to polynerize one
or nore nononer(s) to forma polyner, the

POSQ/ Mer THAbIcREss BT 1AM §9MhbRin heOdIBleOkic WhStant-§YrSater than
acid(s), one or nore initiator(s), and a dil uent

conpri 4¢P ¥n85°6+ nore hydrofl uorocarbon(s) (HFC s).
65. The pol ynerization nedi um of claim64, wherein the
one or nore nononer(s), the one or nore Lew s

acé1d( s) The fr6ce3n6f ity Tl Amis 54t 80,05KeRdin the difedt IsYfdpendently
and the one or nore hydrofluorocarbon(s) are defined -
as in afectedriremn dhegrowp cgnsigtingr ofit least gne 066 hydrofluorocarbon

honopol rpql: tai nabl e by
the_pr o amend R MR uor et 8 TR ARYRET ™ £,

62, or by the use of the polynerization in medium of
clajnms 64 or 65, or by the conposition of claim 63, )
67° 'ThégWﬁ%%}Zﬁﬂ%? Pfoesifdpy%g,g particies /¥ dnojyraer @y nelangrized
66, whefsioh diliRnt QAT :
00 20047 ey Al AU O DS RGeS Y
honopol ynmer, copol yner, or terpolynmer of claim67,

in, th | h My ter. t 50, 000. 69. .
oY BBooh e ol ot Shiphe bt i imgpation
wher ei rprb&¥gs oPalyyTRIaiRaS, 2td\dY, S0, BF ahnat1hH 948 62.

64. 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).

65.  The polymerization medium of claim 64, wherein the one or more
monomer(s), the one or more Lewis acid(s), the one or more initiator(s),
the diluent, and the one or more hydrofluorocarbon(s) are defined as in any

of claims 1 to 49 or 54 to 61.

66. A homopolymer, copolymer, or terpolymer obtainable by the process of
any of claims 1 to 49, 50, 51, 52 to 62, or by the use of the polymerization

in medium of claims 64 or 65, or by the composition of claim 63.

67. The homopolymer, copolymer, or terpolymer of claim 66, wherein the

polymer has a Mw greater than 10,000.
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68.  The homopolymer, copolymer, or terpolymer of claim 67, wherein the

polymer has a Mw greater than 50,000.

69.  The homopolymer, copolymer, or terpolymer of claim 68, wherein the

polymer has a Mw greater than 100,000.



