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Examples of Lewis acids include AICl; and BFs;. Examples of initiators include

Bronsted acids such as HCI, RCOOH (wherein R is an alkyl group), and H,O.

During the polymerization process, in what is generally referred to as the initiation
step, isobutylene reacts with the Lewis acid/initiator pair to produce a carbenium
ion. Following, additional monomer units add to the formed carbenium ion in
what is generally called the propagation step. These steps typically take place in a
diluent or solvent. Temperature, diluent polarity, and counterions affect the
chemistry of propagation. Of these, the diluent is typically considered important.

[0004] Industry has generally accepted widespread use of a slurry
polymerization process to produce butyl rubber, polyisobutylene, etc. Typically,

the polymerization process extensively uses methyl chloride at low temperatures,
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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.

[0006] Some polymerization media, processes, reactors and systems that
can employ HFC’s are disclosed in the following commonly assigned patent
references: W02004058827; WO2004058828; WO02004058829;
WO02004067577; WO02006011868; US2005101751; US2005107536;
US2006079655;  US2006084770;  US2006094847; US2006100398; and
US2006111522.
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assi gned WO2006009550 discloses filtration to renove
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chl Iﬁéthg(f-‘ for separating slurry components from a polymerization reactor
employing HFC diluent is disclosed in commonly assigned W0O2006/009553.
[0009] The polydispersity, also called molecular weight distribution
(MWD = Mw/Mn), of butyl rubber prepared commercially is typically broader
than the expected most-probable distribution (2.0) and varies from plant to plant.
For example, isobutylene polymerization in an HFC-containing diluent has been
found to generally produce polymers with a narrower MWD than methyl chloride
diluent.

[0010] It has now been discovered that the types and levels of trace



di luent. [0010] It has now been discovered that the
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frequently as much as an hour or more, during which time off-spec product may
be produced and other process conditions may have changed. Sometimes it can be
difficult or seemingly impossible for one facility to produce a butyl rubber
matching the specifications of another facility.

[0012] Chinese Patent Application No. 01134710.4, Public Disclosure No.
CN 1417234A, discloses a method for the preparation of isoolefin polymers or
copolymers by cationic polymerization in which a homopolyermization reaction
of C4-C; isoolefin monomers or a copolymerization reaction with other monomers

is performed in a chlorohydrocarbon diluent using a Lewis acid as the primer, to
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nmononers is performed in a chlorohydrocarbon dil uent
using a Lewis acid as the pricsmer, towhich reaction
systemit is suggested to adé such di spersing agents
as carboxylic acid esters, ethers, ketones, anines,
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correspon ing t
having different polymerlzatlon rates, i.e. different propagation, chain transfer, or

termination reactions, as observed by different polydispersities resulting from the
presence of relatively different proportions of the polymorphogenate. The
polymorphogenate is preferably selected from molecular oxygen and
chalcogenates, for example, organic oxygenates and corresponding thio
compounds. In the polymerization of isoolefin monomers with a Lewis acid and
initiator in diluent, the polymorphogenate is used as a control mechanism to

modulate the molecular weight characteristics of the polymers produced,
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embodiments, the mixture recovered from the reactor can be in the form of a
slurry of the polymer in the diluent.

[0018] In an embodiment, the polymorphogenate addition can include
determining polymorphogenate level in at least one of the one or more feed
stream(s) and controlling a rate of the polymorphogenate addition to obtain a
polymorphogenate  desired level. Alternatively or additionally, the
polymorphogenate addition can include determining MWD of the recovered
polymer and proportionally adjusting a rate of the polymorphogenate addition to
control the MWD and/or proportionally adjusting the polymorphogenate desired

level. In embodiments, the one or more polymorphogenate(s) can be added to a



pol ynor phogenat e addi ti on can i nclude determ ning MAD

of the recovered pol ynmer and proportionally adjusting
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MAD and/ or proportionally adjusting the

pol ynor phogenate desired | evel. In enbodinents, the

one or nore pol ynor phogenate(s) can be added to

anononer feed stream conprising diluent, and/or to a

catal yst feed stream conprising the one or nore Lew s

acid(s). [0019] Another aspect of the disclosure

pr ovoiesr geerk tstieadn tcompotiygretiued, endoroto o rdalpw neadk rs{redm

I d copolynmers with a
con{og{gﬁlh%ﬁ%ga{]rgglt%é%&ﬁ @ 0. The nmet hod i ncl udes:
supldiding t oAaot;hed aysnmt iof aieldmlqsmaqmmdea aca¢thddy®tpolymerize

alftegrr;n%rf r%gr%p%ton mer s?ﬁ rm 158|()16Hrtl) glyrarrnoegsoﬁ% 6?1%01}%3&9 with a

di IcubamuedOM\HDc gﬁbﬂeﬂ ahanoa 0t heTteofiethat dincloddst Gupplngg ao a

rate of su of a nate in at | east e
o RO e S S R B! Sieeorghorang ol
hal fegesiabad cdnmrsﬁfgaﬁ@a{b(c&)morér heneada), yasdﬂualyts@mmauon
i ncl ude_ one or re Lewi,s acid(s) and one or

i ni tb?rs?fo?ltdssonfrﬂlgpg 2 datp 8 supply grmolyrorphpgenate in "2t least one of

r at e ¢QAtERAhLATROINTRT BROGERRT & mbi@ Mk ARAL BYRFocarbon(s).
aspect of the disclosure can provide a pol ynerization

systhensadysh Sy ey dnadile o sromercnbigierids) and opgofpmore

I s oQlafol 19&'15’5@&11% s@fﬁ@ a§ﬂh@%é’ BB 114 ﬁd]yrﬁoxﬁﬁ’é’&eﬁﬁé' ed
MAD greater than 2.0. he system can incl

r ea[@ Wn zonén?@efp@ﬁpyﬁe@ﬁ the  disptosprgecanr prﬁﬁ\dé W%Wﬁﬁi%a@))n
<2 tX'E%Un?eg& R BB 8961}?& i'td“@orﬁlhﬁocﬁ&ﬁl Sﬂ%rﬂ% @nd

rmn mer (s uent and a catal'yst system a nononer
f ee@pbllymersmﬂsu ppitipllechd VoA eraater tmne’. (o Alonewsies) caanetlude: a

d' 'r‘é%%n z%né %e{)@%&mier {hé aoﬁl' o dﬁ’(ﬁg'nﬁlﬂohﬁg%} % 4 S&ﬁﬁl'eﬁﬁmn

para cat al
rm rmedmweemammg h$ ohoort rhcere ;nwlnymen(s)z:adlihmnt :mddu aatalyisnsystam;
reaction zon em or ad ust |

cont MO8 Bﬁd 11nef N & P}?lgt c Qe 9rhré10ronrélorborme?%i Siddituedt to the
pO'mﬁ@hmnmha@&) int thetlogctive ahd; 0N sgane: caligstdictdiding to

CarAPE OIS g2 LS O B M Ra B e TR A dpiyon

an dzoae Mnuraaéystem 0t atjodinki (@kS aCRARSII 18600 RBE rdd¢ of ik &ne or
one .or nore_injti ator

Qf?rpgi} q@ﬁ%’é&?ﬁ}éﬁ © rqHOR g hhe JHUSH &3 ?%%ﬂemén%e

pr %%%%ndtédﬂ@d?&aﬂb@ﬂ(@)’ €T hefcalillyét Ws@nﬂfanﬁﬁﬂlﬂdéﬁfne dPghore Lewis
di luent fromthe reaction zone, pol ynmer recovery

uni 14y 28dpatutiey af meélﬁﬁrSfCP@mI%% OB} YITIPRTR palﬁalorpée%qﬁéﬁe(ﬁ
t heyRohY BBfore dnitiator(s).

[0021] In an embodiment, the system can also include a product line to
recover a mixture of polymer and diluent from the reaction zone, a polymer
recovery unit to separate diluent from the mixture and recover the polymer, a
diluent recovery unit to enrich the separated diluent, and a transfer line to recycle
the enriched diluent to the monomer feed line. The polymerization system can
also include a polymorphogenate supply line to introduce the one or more
polymorphogenate(s) to the reaction zone, e.g. directly or via the monomer feed

line, the catalyst feed line, or a combination thercof.
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al so include a pol ynorphogenate supply line to

i ntroduce the one or nore polynorphogenate(s) to the
reaction zone, e.g. directly or via the nononer feed
line, the catalyst feed Iine, or a conbination
thereof.[0022] In an enbodi nent, the diluent recovery
unit can include a fractionation operation, which can
be @22 xt r acti e dinbedimért it dilnént , rec@vepr oditlcean include a
p0| f¥%? élgaﬁlglg%p%taﬁodll S&ﬂl@chdéapék@ig%/neéﬁf’ac{ o Xlgtllﬁ’[IOIl ﬂfn?ggtlﬁ&i—uce
rre qnﬂ;yrﬁcuphqgehayﬂbalp Iddgmn &treemfmvlal a.no{h@l()%l}odﬁmera,ntbb lénent
erTbrOdIrre nit annfsg an fr ?m nh natrm al

pol YHOFEHOgERALE™ %mle £e R0 Her ErR e MY
poImﬂnnphogemat@mMewebmbmmmhm mﬁaon@ﬁmﬁenﬂplbme,mEMEe a
catak%%t f eed inﬁl or a canbinatio ther? fr.aﬁd a

f 1 RRIEBHPRISETAT 22 28I hdBiAs PUR™iPEpecp g fevel in the monomer

pol smnh ageaalye: Raaling ef a adtabiAa A eheddof Chnat fiowt Edtroller in
oxygenat e supplékllne to control a flow rate
n

f
t he*opBrYpRstph ﬁlﬁepognﬁﬁpvgepqﬁ% apg)yzeE Hing associated With the
pol M&Eé@&%ﬂﬁﬁlﬁmﬁe @% kd EhtrbBY Bbw adte b'ie ?@igmwhegﬁa@@aﬁlﬂy

anal yzer. 1n an enmbodi nent, the contro can
i nclifigde aﬁllW%{ﬁ@W?é@naw&ewﬁ&Vﬁi #ehaupady ragrphqggnate analyzer.

I eCQVRI &kbdRRhhiEhe cd)rﬂro‘? hch"f’ctlﬁd%rh MWB RAalyy@Wo determine
controller to control ow rate of

pol MNGP 91 e rspecred p@lwlerl, i @om@lua@hﬁl@wlth MY tegpigelter to
' ”pé&mol%l fih B %ﬁ (g%%@géﬂt&é@% \Yiineltd E{/f/\}%%t rﬁ‘wﬂ 208

can i1 nclude a ' 0 det rm ne
r eciopwr ddicpetivetreer,adiliioeadiomthacemtol tap wirt includea Mwanalyzer

Contto 'f elrrﬁ{ne tM PR t I aje!i\yy 679'{6931 &Ellglumcatl%lth the flow

ynor phogenat e deS|re d ac
t a rcg)ﬁtrolle[r Wé@orlwnaﬁyr‘ad]dsn nieertody mdrplegpoite/desirghloge nadebicve a

ﬁﬁg%)lln? can be connected to the nononer feed |ine,
&Y he catal yst feed |ine, which can be
conWGDQed tonaemﬂ@dm&mmhah5|mgwh@@hqxﬂmé|@@p@omﬁe can be

[ 0025 r enbodi t of the dis re.provi

car Ay teady JEanTEBp iy S50 G FEpRE g B JichEn Be

cat@hy@tedg@maemr BRSBE E% ré'&hmiiﬁbﬂé?/ conbi nation of a

Lew acl an tnitrator and a po enate. In an
ﬁ%%ent f‘\ﬁgthﬁromw%%@gﬂﬁtﬁ Hreﬁgﬁwg%sea Fafrdyst system

f Or dRiphioin @fphﬂrhﬁt§ QF Bktlve *etalyViec Bl YpSdicsCOMRIdEy SR®fBSn

havi ng di fferent polynerization rates, i.e. different

r atds? bEVISrasia gRiRIBHOr MKad ROl MeHYpEsnateor ng 4y RRAMEN, the
as RaRSYEIERYe infir&h&R hRBiYAibR BEIBttch (il € SdM 1 dt R8mplex

species having different polymerization rates, i.e. different rates of propagation,
chain transfer, or termination, as observed by different polydispersities resulting
from the presence of relatively different proportions of the polymorphogenate,
especially in the slurry polymerization of isobutylene in a butyl reactor with
methyl chloride diluent at -95°C. In one embodiment, the polymorphogenate is
present in a substoichiometric proportion with respect to the Lewis acid.

[0026] In another embodiment of the present disclosure, there is provided

an isobutylene polymer having a controlled MWD greater than 2.0 prepared using



fromthe presence of relatively different proportions
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met hyl chloride diluent at -950C. In one enbodi nment,
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[0032] In one embodiment, the disclosure provides a method to
polymerize one or more monomer(s) to form isoolefin polymers and copolymers
with a controlled polydispersity, which is also known in the art as MWD, wherein
the MWD is greater than 2.0, comprising polymerizing the one or more
monomer(s) in a polymerization medium comprising the one or more
monomer(s), a diluent and a catalyst system comprising a polymorphogenate and
an initiator.

[0033] Polymerization media suitable to polymerize monomers to form a
polymer relate to the selection of polymerization conditions and components, and
it is within the ability of those skilled in the art to obtain the production of a
desired polymer with the controlled MWD in light of process parameters and
component properties described herein. There are numerous permutations of the

polymerization process and variations in the polymerization system components
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production of a desired polymer with the controll ed
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[0036] “Slurry” refers to a volume of diluent comprising polymer that has
precipitated from the diluent, monomers, Lewis acid, and initiator. The slurry
concentration is the volume percent of the partially or completely precipitated
polymers based on the total volume of the slurry.

[0037] “Polymer” may be used to refer to homopolymers, copolymers,



transfer. [0036] "Slurry" refers to a vol une of

di l uent conprising polyner that has precipitated from
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slurry concentration is the volune percent of the

partially or conpletely precipitated pol yners based on

the total volune of the slurry. [0037] "Polynmer" may
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excludes compounds containing non-organic elements other than hydrogen,
carbon and oxygen, for example hydrocarbons substituted with other atoms such
as metalloid or metal.
[0041] In one embodiment, this disclosure relates to the use of
polymorphogenate(s) to produce a polymer with a controlled MWD. For
example, the polymorphogenate(s) can be used with chlorinated hydrocarbon(s),

hydrofluorocarbon(s), or blends of hydrofluorocarbon(s) with hydrocarbon(s)

and/or chlorinated hydrocarbon(s) to polymerize and copolymerize isoolefins with



carbon and oxygen, for exanple hydrocarbons

substituted with other atons such as netalloid or
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relates to the use of pol ynorphogenate(s) to produce a
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Monopef,s and Pol yners [0043] Mononmers which may be

pol ymerized by this systeminclude any hydrocarbon

mo ndoeemdrhartd Rokymend yrer i zabl e using this discl osure.
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2- met hyl - 2- pent ene, i soprene,
methylstyrene, alpha-methyl styrene, divinylbenzene, diisopropenylbenzene,
isobutylene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-pentene, isoprene,
butadiene, 2,3-dimethyl-1,3-butadiene, B-pinene, myrcene, 6,6-dimethyl-fulvene,
hexadiene, cyclopentadiene, piperylene, methyl vinyl ether, ethyl vinyl ether, and
isobutyl vinyl ether and the like. Monomer may also be combinations of two or
more monomers. Styrenic block copolymers may also be used a monomers.
Preferred block copolymers include copolymers of styrenics, such as styrene,
para-methylstyrene, alpha-methylstyrene, and C; to Cso diolefins, such as

isoprene, butadiene, and the like. Particularly preferred monomer combinations

include 1) isobutylene and para-methyl styrene 2) isobutylene and isoprene, as



but adi ene, 2, 3-di net hyl -1, 3- but adi ene, b- pi nene,
myrcene, 6, 6-di nethyl-ful vene, hexadi ene,
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vinyl ether, and isobutyl vinyl ether and the I|ike.
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mixture from 30 to 0.5 wt% in one embodiment, and from 15 to 0.5 wt% in
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dimethyl-fulvene, hexadiene, cyclopentadiene and piperylene. One embodiment
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desirable. Illustrative exanples include Al O
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is not the chosen Lewis acid
from the group consisting of fluorine, chlorlne bromine, and iodine, preferably

chlorine. X may also be a psuedohalogen. Non-limiting examples include
titanium tetrachloride, titanium tetrabromide, vanadium tetrachloride, tin
tetrachloride and zirconium tetrachloride. The Group 4, 5, or 14 Lewis acids may
also contain more than one type of halogen. Non-limiting examples include
titanium bromide trichloride, titanium dibromide dichloride, vanadium bromide
trichloride, and tin chloride trifluoride.

[0051] Group 4, 5 and 14 Lewis acids useful in this disclosure may also
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independently selected from the group consisting of fluorine, chlorine, bromine,
and iodine, preferably chlorine. A non-limiting example is vanadium
oxytrichloride.

[0054] The Group 13 Lewis acids useful in this disclosure have the
general formula MXs; wherein M is a Group 13 metal and X is a halogen
independently selected from the group consisting of fluorine, chlorine, bromine,

and iodine, preferably chlorine. X may also be a psuedohalogen. Non-limiting



di chl oride, nmethyl nmethoxytin dichloride and benzyl
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dichloride, 2,6-di-tert-butylphenoxyaluminum dichloride, methoxy

methylaluminum chloride, 2,6-di-tert-butylphenoxy methylaluminum chloride,
isopropoxygallium dichloride and phenoxy methylindium fluoride.

[0057] Group 13 Lewis acids useful in this disclosure may also have the
general formula M(RC=00),R’nX3.(m); Wherein M is a Group 13 metal; wherein
RC=00 is a monovalent hydrocarbacyl radical selected from the group 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 Cyy alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl

radicals; # is a number from O to 3 and m is a number from O to 3 such that the



brom ne, and iodine, preferably chlorine. X may al so

be a psuedohal ogen. Nonlimting exanpl es include
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pol ynmeri zation catal yst systemconprising a Lewis acid
andPropagation, chain transfer, termifnation reactions, or the like, as observed by

different polydispersities resulting from the presence of relatively different
proportions of the polymorphogenate. In the polymerization of isoolefin
monomers with a Lewis acid and initiator in diluent, the rate of supply of the
polymorphogenate to the polymerization media or reaction zone can be used as a
control mechanism to modulate the molecular weight characteristics of the
polymers produced, including MWD.

[0061] The polymorphogenate is preferably selected from molecular
oxygen and chalcogenates, including organic oxygenates and corresponding thio

compounds. Molecular oxygen can be added directly to the polymerization



initiator to pronote or mmc the formation of
different active catal yst conpl ex species having
walpdoBarssmé pol ynmeri zation rates. D fferent PCT/US2008/054567
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[0064] In one embodiment, the polymerization medium is essentially free
of alcohols and other oxygenates such as ionic oxygenates and/or oxygenates
comprising a Brensted acid that can function as true initiators, e.g. less than 5
wppm, preferably less than 2 wppm, by weight of the polymerization medium, or
less than 0.001 moles per mole of Lewis acid(s). In this situation, the alcohol
might have no effect on MWD, or could otherwise suppress or excessively

increase the MWD effect of the ether or ketone, or other MWD-control
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spedifloyed, the MWD can be broadened up to a point at which the
polymorphogenate catalyst complex may begin to predominate over other catalyst
species; with additional total polymorphogenate the MWD may begin to decline.
The total polymorphogenate can be present in a range that is adjustable to control
the MWD, preferably in a range where MWD increases proportionally to
increases in total polymorphogenate, although ranges where MWD decreases in
response to increases in the level of total polymorphogenate are also possible.

[0066] The polymorphogenate can also be selected from thio compounds
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[0070] In another embodiment, the one or more oxygenate(s) is selected
from methanol, dimethyl ether, acetone, diethyl ether, diisopropyl ether, and
methyl ethyl ketone.

[0071] In another embodiment, the one or more polymorphogenate(s) can
be a thio compound corresponding to any of the aforementioned organic
oxygenates wherein one or more of the oxygen atoms are replaced by a sulfur
atom.

[0072] In embodiments, the one or more polymorphogenate(s) is present



atons, or from1l to 4 carbon atons. [0068] In an
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aralkyl ester, a tertiary alkyl ether, a tertiary aralkyl ether, alkyl halide, aryl halide,

alkylaryl halide, and arylalkylacid halide.

[0075] In another embodiment, the one or more initiator(s) is

independently selected from the group consisting of hydrogen chloride, hydrogen

bromide, hydrogen iodide, 1-chloroacetic acid, dichloroacetic acid, trichloroacetic
acid, trifluoroacetic acid, p-chlorobenzoic acid, p-fluorobenzoic acid, acetyl
chloride, acetyl bromide, cinnamyl chloride, benzoyl chloride, benzoyl bromide,
trichloroacetylchloride, trifluoroacetylchloride, p-fluorobenzoylchloride,
methanesulfonic acid, trifluoromethanesulfonic acid, trichloromethanesulfonic

acid, p-toluenesulfonic acid, methanesulfonyl chloride, methanesulfonyl bromide,

trichloromethanesulfonyl  chloride, trifluoromethanesulfonyl chloride, p-
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hydrogen bromide and hydrogen iodide. A particularly preferred hydrogen halide
is hydrogen chloride.

[0079] Preferred carboxylic acids include both aliphatic and aromatic
carboxylic acids. Examples of carboxylic acids useful as initiators in this
disclosure include acetic acid, propanoic acid, butanoic acid; cinnamic acid,
benzoic acid, 1-chloroacetic acid, dichloroacetic acid, trichloroacetic acid,
trifluoroacetic acid, p-chlorobenzoic acid, and p-fluorobenzoic acid. Particularly

preferred carboxylic acids include trichloroacetic acid, trifluoroacteic acid, and p-
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these procedures. Preferred sulfonic acid halides useful in this disclosure include
methanesulfonyl chloride, methanesulfonyl bromide, trichloromethanesulfonyl
chloride, trifluoromethanesulfonyl chloride and p-toluenesulfonyl chloride. In one
embodiment, sulfonic acid halides are substantially absent from the catalyst
system.

[0083] When used in the catalyst system, alcohols useful as initiators in
this disclosure include methanol, ethanol, propanol, 2-propanol, 2-methylpropan-

2-0l, cyclohexanol, and benzyl alcohol. Phenols useful in this disclosure include



substantially absent fromthe catal yst system [0081]
Sul fonic acids useful as initiators in this disclosure
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aryl al kyl s, preferably contarl nin to 15 carbon atoms
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or equal to 1, erabl'y between 1 to
pr efeareab] &awths' 2a4 ﬁunb@hylmnmﬁ,ﬂ b@lzay10fq'>hé4értytnalhkholelstane

2%2 g to§9%&étﬁ$\@%§%n%§ g%:éﬁéé?ﬁ)ggzg%&%p%f éaﬁlf €5 5,8%0xy-2,4.4,6,6-

pentamethylheptane 2-benzoyl-2,4,4,6,6-pentamethylheptane;  1-acetoxy-1-

methylethylbenzene; 1-aceotxyadamantane; 1-benzoyloxyethylbenzene; 1,4-bis(1-
acetoxy-1-methylethyl) benzene; S-tert-butyl-1,3-bis( 1-acetoxy-1-methylethyl)
benzene; 2-methoxy-2,4,4-trimethylpentane; 2-isopropoxy-2,4,4-
trimethylpentane; 2-methoxy-2-methylpropane; 2-benzyloxy-2-methylpropane; 2-
methoxy-2,4,4,6,6-pentamethylheptane; 2-isopropoxy-2,4,4,6,6-
pentamethylheptane; 1-methoxy-1-methylethylbenzene; 1-methoxyadamantane;

I-methoxyethylbenzene; 1,4-bis(1-methoxy-1-methylethyl) benzene; 5-tert-butyl-



2,4, 4-trimet hyl pent ane;
2-brono-2, 4, 4-tri net hyl pentane; 2-chl oro- 2-
WOoreioBgtigsropane; 2- br ono- 2- net hyl pr opane; PCT/US2008/054567
2-chl oro-2, 4, 4,6, 6- pentanethyl hept ane;
2-brono- 2, 4, 4, 6, 6- pent anet hybhept ane; 1-chloro- 1-
nmet hyl et hyl benzene; 1-chl or oadamant ane;
1-chl or oet hyl benzene; 1, 4-bis(lchloro- 1-nethylethyl)
benzene; 5-tert-butyl-I,3-bis( 1-chloro-
1- met hyl et hyl ) benzene;
2 ahébigﬁ(y J@tlﬂ)xy,.ltmd:thmahyl[) pantmread 1,3,5-tris(1-chloro-1-methylethyl)
%Xl 8 &Fﬁblﬁl 11%1{1211‘[5% Q1¥ log ?&1&1@@1? US patent 4,946,899, which is
2 ace oxy
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hyl h
peg[:gﬁégjt y %% %%r %refrgrr%q initiatqr 17 ﬁg%lyrélﬁrlc ha_ﬂldgcer%eoo)t(“ )}{1 5\2 or
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1 I’[ﬂﬁd’e;deﬁtt difyﬂhé hblegememems 5 ther dlefbupylling3- biksise, the use of a

nmet hyl et h henzene
I e S T Bt e RBER T N o BRlBod Gyppducing o
SUIIiraLﬂliCeWhllah rlaf t@ftSin 6ROk bepolyamund i n US pat ent
4,946, 899, which her ei n Jncorporated by re erence, .
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hal da€lénic 9819m‘éflza|alon OR?SOE’tItyla?E é oBtheR! BEILMn LA yWPTREN 8N6ride,
t he renalnlgg_ t‘ci;rou ps are i ned as above. Preferred
prac

ol e}fiHoA4 Yegnie pol ¥ gl@@u% ~retdplpropane, 1-chloro-1-

pohﬁghggm§@aggm§ggi@g&ﬁﬂﬂnyIchlorlde The pol yneric
initiator may have hal ogenated tertiary carbon

pos[l09$7dned afCatalyst e¥sieinh cerpppsBiong(ugtiy Br thigi dis¢lpsurdéypically
nul {sp%pge ﬁg AN iPRLY BR Mnitia ¥R d @eat @éagtftm IH&M&?L nch@fhg at

O en atons at tertirary car bons
pedd@htonpomdratqm twliieh toey ol & metyniveplicgones) e atorlcaduwe

. i t.ur.
o S Ph-REL YRGS MDA b 15181, FRTR WP Bt UL
andcoplpaiss rwnunayph@hratdwwr ogeel dtforrstly, rwiteh eheolbcéﬁrhorphogenate
polg of ,a,chain e

d r

pol yner 1nht1a|t?rgv¥her‘ a‘ta ygf 8¥s§epr ovcihbdgg o SQEQl 1r(1:#1?t8r preerably a
pr Qdinclhaﬂ'@galan:r ook andhéspbidatBya wmndxgienatel iettiktor, preferably at a
géne (%0086t Pq@ti ularh% referreq |n|H;ator% d

91 5‘?@” n om0t e ROy AP SRS PUiXerP 2ok I5HC
of dnsttiant, @IREL Eapadiy bEihBiaton Bl pidcnGnyRyas agRkbout 0.1 moles

chl ori de,

t?mes tl?e total moles of initiator present to about 200 times the moles of initiator
present. In a further preferred embodiment, the Lewis acid coinitiator is present at
anywhere from about 0.8 times the total moles of initiator present to about 20
times the moles of initiator present. In a preferred embodiment the initiator is

present at anywhere from about 0.1 moles per liter to about 10°° moles per liter. Tt



2-chloro-2, 4, 4-trimet hyl pent ane,
2-chl or o- 2- net hyl pr opane,

wWQa20Bi1o8506 | met hyl et hyl benzene, and net hanol . [BOBU$2008/054567
Cat al yst system conpositions useful in this disclosure
typically conprise (1) a Lewys acid co-initiator and
(2) at least two nodifiers including at | east one
initiator (which may be a pol ynor phogenate) and at
| east one pol ynor phogenate (which may be an
initiator), provided that when the initiator conprises
pol iy wb rphisgenatswod draf cebtat edleskiel Amowntt dyinitiatoe mret hid within
polt}qgrgprogggfgtﬁg%sgl E&ean initiator), the catal yst system
i nci udes a second Initiator, preferably a
non@b&l]cogendhe anmoubti af dre eatdye sepadoyad| yilla depend on desired

non-oxygenate injtiator.,.. preferably at. a higher | ar
conRERPECa pL PR R Aot luan FPE by B Plpee
a pwifler fred aboinodd10@mfiglest e lt@Wh S a0 redésnpdr i ladraindi Bost
pr esent where frgm about..0.1 noles tines the total
nDﬂggi%]gPﬁr&ﬁquff £ Ori0p LS RET KI8™ about 200 times t he

nol [@e89f i ni CaRlyor syRtedS @B&ful Nhid didelostie rmayr Rf®ET Rehprise a
enbodi nent, the Lewis acid coinitiator is present at .
anySRAEHSE CPPRAN OB AP ¢fi et Yrecaligh 4nd ot eeklyggoordinating
I Ni dnli it @WPLRSLYr “CRDQUINED")  ITHB SathiD® cOBp&HdA comprising
initiator present. In a preferred enbodi nent the

i ni the ¥ eranjos ‘pitlegelnde ateaghyanprbion apd dincelidinspnges st agvel
percatdifselyskefsabout 10 6 noles per liter. Itis of

course understood that greater or |esser anmounts of

i ni 0P or ar & weakiy-caprdipating tanien g dpfancdfas tapjagion which either
dis r T.

i 1T sBerab AR e R PRI B vehllF SR T |y Py RN Rl
pol wirarthbaiiomis gnwtiowieg as thy siabdizing aniee i trgdsolsiite the WCA
fro . [ . = I .
per e 8t hontast G BiOR: A3eRE ot iRl 8 s SRGE uR cffuns o
perncuirgleby-pfod@894r @htrahgustal syispemd. uBefartedi examples of such

O SRRl U RS CRIRAL=® st FAL R0 RO b

I se eacC an

We glRlRyp thirApt- i oHRhABorbn |9 RetraPbrluMEphenPfalumi
s S
ani @rbowinkd, hhlogdndtte carbvi@aastanit ehedikel The edtidn lisungenti@l that can

i nstances are, novel catalyst systens. [0090] A
weakfy &bl Weﬁr‘?a%ga%’i‘ OB?T}/HS defined as an ani on which

ei toeg1]does mhE aioWmay Bat@nBifed wich hathtn ranWaiceod ikiown
weakly cogrdinated to the cation e}nd whe tg%m%ni on i

f urfetheshiohgrdigny srdll &t B5ieft AioRg*aUpRioH ¢ Arefagieg embodiment the
di swicomitings i@ dWed itlo @R dIREnttak @REMPEUNARoABINMZ Both the anion

fragnment or substituent to the cation thus creating a
and the cation in the form of the active catalyst system. In another preferred
embodiment a composition containing the WC anion fragment is first treated to
produce the anion in the presence of the cation or reactive cation source, i.e. the
anion is activated. Likewise the WC anion may be activated without the presence
of the cation or cation source which is subsequently introduced. In a preferred
embodiment a composition containing the anion and a composition containing the
cation are combined and allowed to react to form a by-product, the anion and the

cation. In various preferred embodiments of this disclosure the WC anion is

combined with one or more cations that are selected from different classes of



neutral by-product or other neutral conpound.
Preferred exanpl es of such weakl y-coordi nati ng ani ons

WO pButks76 al kyl tri s(pent af |l uorophenyl ) boron PCT/US2008/054567
(RB(pfp)3~), tetraperfl uorophenyl boron (B(pfp)4~),
tetraperfluorophenyl al um num-arboranes, hal ogenated
carboranes and the |ike. The cation is any cation that
can add to an olefin to create a carbocation. [0091]
The ani on nay be conbined with the cation by any
met hod known to those of ordinary skill in the art.
Forcagsuzngidecaiipn soueef eonechreftyedticlasat are hebsfi@tethiapppcitgon,

i nt q il ye s L. hi.Ng
po HE HEEEH b Ao % e R R LI
actfio0®]cat al Yetfersysixempled of substitited cpbedagomseidclude substances
enbodi nent _a sition containing the WC ani on
fr&%%@ﬁ?epgﬁ?%gggq%?%ﬁg% to produce the anion in the
presence of the cation or reactive cation source, i.e.
the anion is activated. Likew se the WC anion may be
activated without the presence of the cation or cation
source which is subsequent’l y* i ntroduced. In a
preferred enbodi nent a conposition containing the

ani a Lo Lt Rl I: a
conErteaith 2 EOFRORY O ALY Bilidod G2 1l Srinched o
t hecyand @fonffiel dr hgipBaici @Bups! Profaitlps B Eb@ralkgd aryl, aralkyl
enmbodi nents of this disclosure the WC anion is
condburedr ditivativgsshaeofnpretsrabht 4 Ongo Cpmeronmrec sedlipbatedzroup,
fromdifferent classes ofcations ang%gation sour ces

SorfO Bk Bt QBlvconsseleR1aRa B3ty PedytREdiocdt iroprelerred
subst 11y oS td . of .
geﬁ%@%@#%%gg§%ﬁ%¢%E?k%%gﬁgéﬁ%%iq?%%@gfgg#g?ngggdephm“m
exagpl,es1af b%ﬁ&@l hhd IRAlIGAT PRER U AMPhdtidE iddlRle methyl, ethyl,
substances that are represented bﬁ t he faormul a:

- C
H3 RiARHePHYL, PeylabrdyRech doprd disehdlefeayy npethdganyl &p.5-

a | iRRMY 1hcRf13NE MRIKOT Ty Sdri Gl PIBHE A&l PiboRInRNAIHE R |, Ry
groups, preferably (4 to C30 alkyl, aryl, aralkyl

gr candsR grard@henyatgronps, thhesddoion ¢fr &f eligialiy @ ©bmite A26hol
aromatic or aliphatic group, provided that only one of
R , sigofiggpthrenhasges B pRiyacsgaion of wolutylerss er r ed

enbggeifent ngne QbmB . pR%erla R3mBE&mEht, Prgb i‘ﬁh&f' silylium

aromatics include phengl, tolyl, xylyl, biphenyl and
t hecopipreitior®y peéargbdi trishbsibiaed wkylinmadogesiensiayd corabingd with

o : 1\ |
doaBents PINmergr By e Sl pes P tinamene
| i Key.th¢ formulparticularly preferred enbodi nent, when R\,

R2 and R3 are phenyl groups, the addition of an
al i phatic or aromatic alﬁbhol

Ro—Si—R
2 +1 3

wherein R;, Ry and R3, are independently hydrogen, or a linear, branched or cyclic
aromatic or aliphatic group, with the proviso that only one of R;, R, and R3 may
be hydrogen. Preferably, none of Ry, R, and R3 is H. Preferably, R; R, and R; are,
independently, C1 to C3q alkyl, aryl, aralkyl groups or derivatives thereof,

preferably a C; to Cyo aromatic or aliphatic group. More preferably, R, R, and R3

are independently a C; to Cs alkyl group. Examples of useful aromatic groups may



significantly enhances the pol ynerization of
i sobutyl ene. [0093] In another preferred enbodi nent,

W@ 9114506 ed sil yl i um conposi tions, preferabl yPCT/US2008/054567
trisubstituted silyliumconpositions are conbined with
WCA' s to polynerize nDnoner%g Preferred silylium
cations are those represented by the fornmula: R2-Si R3
wherein R1, R2 and R3, are independently hydrogen, or
a linear, branched or cyclic aromatic or aliphatic
group, with the proviso that only one of Rl, R2 and R3
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silyliumcations may be selected fromthe grou
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193%%%LfﬁéVAQEM)S% g?ab e“&%rﬁ%m%@’?ﬁ% cé%?%nfb8%§%§nwn
gerqpainirg antcaklyaporlorpos iahionnsPrateds syent bre génsratddefremf the

see Dicli 0 0 L Lic 0
R R s AR OBl GRS o AR, pon-
catnwlkroplsli@myorcwitipwatad alchiatl onplicholgradutae pavdpeeghoprowhand
conbined with the akl y-coordj nati ng ani,o r a
oD B5deshiatding PEPHTRE' 1 gh Th Biib ot A Bohsgp Phgpot and
Pr oflans] imale dase genacrat Skhfreotion mey bepeferod inohe avest bl the
car bocat i salt which cantain weakl y- copr di nati ng,
PR bSE e Reoson el T B Re BB SR AR g aked
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carbocation salt is faster with the protonated
addphienylegragpsc dmpaddadon of an aliphatic or aromatic alcohol significantly

enhances the polymerization of isobutylene.

[0096] Another method to generate a proton comprises combining a group
1 or group 2 metal, preferably lithium, with water, such as by means of in a wet
diluent, in the presence of a Lewis base that does not interfere with
polymerization, such as an olefin. It has been observed that when a Lewis base,
such as isobutylene, is present with the group 1 or 2 metal and the water, a proton
is generated. In a preferred embodiment the weakly-coordinating anion is also
present in the “wet” diluent such that active catalyst is generated when the group 1

or 2 metal is added.



with its reaction with the olefin. O her proton
generating reactants include thiols, carboxylic acids,

W@rwstkss7d i ke. Simlar chem stries nmay be real PZBEUSM08/054567

silyliumtype catalysts. In a particularly preferred
enbodi ment, when R , R2 and,3 are phenyl groups, the
addi tion of an aliphatic or aromatic al cohol
significantly enhances the polynerization of
i sobutyl ene. [0096] Another nmethod to generate a
proton conprises conbining a group 1 or group 2 netal,
prePiédueatsl y [ithium with water, such as by neans of in
i luen res
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di met hyl but ane 3-di net hyl bu
netﬁylpiﬁélﬁm@@ent@enet hyl helﬁdr?edlrr@ﬂlétcmlpm‘@wp@ne trans-1,2-

2, %1%1%1%2&2&1{) ﬁ%lgﬂg’tr%l %i et k{/&ﬁlg{%ﬁ%agﬁ: ethylcyclopentane,

2 rmcl@y@he@traﬁbqu@lohemmw bangente tol@eng, wylenst loythdraxlame para-
2, Zx§/len%r éﬂﬁethX Ix?l%ﬂé %?e%era&gtt&n&lo&g%g%%ionlg WE above more

ane; ecane, undecane,
h exmaﬁerab}yeﬂllwmategf wbnsioex ahd] otyel abpveo pBruemnactgcbimbumSamfethe

ent a open
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cyc 0 %;Egl %{Oﬂgﬁ?rg%]?%lﬁﬁa%k?%’@n'i%ﬁ %{q'befnlfelﬁethe present
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prerera C Qrl nate ver |ons t he above nor e
pr ecrog}bgﬁrléﬂ mlt Stheh agsgtsseehs porhdor teé%wdrafcar?%*é Z8bpwposes

Br ol i@t @dcIVRES aA$hOtlatnite (RRAY & 18R 18brSerbnet YHHFC’s” or
Speci fic exanpl es include nethyl chloride, nethylene

c hI ‘SHiCde, aret dpfined HP obg diaturagido gy | unsHpigter! d@)mH?HPG}ﬁI consisting
chl é%génQQﬂy &frﬂygfo%&g L8R gnd ﬁ@orin’e,kﬁ'owded that at least one carbon, at

least one hydrogen and at least one fluorine are present.

[0099] In certain embodiments, the diluent comprises hydrofluorocarbons
represented by the formula: CiHyF, wherein x is an integer from 1 to 40,
alternatively from 1 to 30, alternatively from 1 to 20, alternatively from 1 to 10,
alternatively from 1 to 6, alternatively from 2 to 20 alternatively from 3 to 10,
alternatively from 3 to 6, most preferably from 1 to 3, wherein y and z are integers
and at least one. In an embodiment, the diluent can be independently selected

from the group consisting of fluoromethane, difluoromethane, trifluoromethane,



[ 0098] Hydrofl uorocarbons are preferably used as
diluents in the present disclosure, alone or in

W@ o09Bi1 18576 on wi t h ot her hydrof | uor ocar bons or PEI/US2008/054567
conbi nation with other diluents such as chl ori nated
hydr ocar bons. For purposes of,this disclosure and the
clains thereto, "hydrofluorocarbons" ("HFC s" or
"HFC') are defined to be saturated or unsaturated
compounds consi sting essentially of hydrogen, carbon
and fluorine, provided that at |east one carbon, at
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dielectric constant g [measured value Cr], and in air (€a=1) [measured value C,].
In each case the measured capacitance Cy; is given by Cy= £Cc+Cg, where ¢ is the
dielectric constant of the fluid in which the capacitor is immersed, Cc is the cell
capacitance, and Cs is the stray capacitance. From these measurements gp is given
by the formula er=((Cp-Cp) &r + (Cr-Cp))/(Cr-Cp). Alternatively, a purpose-
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used to measure dielectric constant of diluents directly.

[00102] In other embodiments, one or more HFC’s are used in combination
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100 volume percent based upon the total volume of the diluents, alternatively
from a lower limit of 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80,
85, 90, 95, 97, 98, or 99 volume percent. In a preferred embodiment the HFC is
blended with one or more chlorinated hydrocarbons. In another preferred
embodiment the HFC is selected from the group consisting of difluoromethane,
trifluoromethane,  1,1-difluorocthane, 1,1,1-trifluoroethane, and 1,1,1,2-
tetrafluoroethane and mixtures thereof.

[00106] In another embodiment the diluent or diluent mixture is selected

based upon its solubility in the polymer. Certain diluents are soluble in the
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soaked polymers are within 12°C of each other, preferably within 11°C, 10°C,
9°C, 8°C, 7°C, 6°C, 5°C, 4°C, 3°C, 2°C, or 1°C of each other.

[00108] In an embodiment, the diluent has a dielectric constant at 20°C
greater than 6, greater than 9, or greater than 10. In another embodiment, the
diluent has a dielectric constant at -85°C greater than 20, greater than 25, or
greater than 40.

[00109] In another embodiment, the diluent can be selected from

chlorinated hydrocarbons, for example, ethyl chloride, methyl chloride, methylene
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downstream from the feed blend unit 18 and/or catalyst preparation unit 20.

[00113] Polymorphogenate feed to the reactor 32 can be via monomer feed
blending unit 18, via catalyst preparation unit 20, or a combination thereof.
Further, the polymorphogenate level or rate can be monitored in any one or more
of the feed lines to or from the feed blend unit 18 or the catalyst preparation unit
20, for example, any one or more of lines 10, 12, 14a, 14b, 22, 24, 28 and 34, or
via a separate line (not shown) to the reactor 32. In one illustrated embodiment in
Fig. 1, the polymorphogenate is added via line 16 to the feed blending unit 18.
The line 16 can include a flow control valve 40, and the associated flow control

loop can include polymorphogenate flow or rate transmitter 42 and flow controller
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controller or a distributed or centralized
introduced via line 58. The polymer is then separated from the slurry in polymer

recovery unit 60, using the heat from the quench medium to vaporize diluent and
unreacted monomers in a flash tank or stripper, for example. The vapor stream 62
is then dried and fractionated in diluent recovery unit 64 to obtain diluent recycle
66, recovered monomer 68, which may also be recycled, and one or more
polymorphogenate or waste stream(s) 70. It is also possible for all or part of the
polymorphogenate to be produced with the diluent recycle 66 and recovered

monomer 68, provided there is a purge or bleed mechanism to prevent excessive
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sprayed onto the belt or drum and heat is removed by evaporation of the diluent as
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surface heat transfer (such as where the coolant is present on the inside of the
drum or under the belt and the polymer is produced on the other side of the belt or

drum). Another type of reactor 32 is a jet or nozzle reactor. These reactors have a
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transfer surface and the coolant is present on the
ot N 7si de. An exanple is a reactor where tubes

confpdidli Ng Cahiadlly, ﬁléﬂnt'lrﬁ@hsdﬁoxtv Rarré € &ak@pe reactor 32 may be
pol ymeri zati on zone. Anot her exanpl e would be where

t helispb| Yrreiepdert 120h earcedly Sition il Ben e fiqigné agififor mgans, such as
g gg% FHPISO ISP HESRMIICRE), bexRHES bSEinS fadkBardd P GntkiaPcooling

tubes and/or coils, or other means of removing the heat of polymerization to
maintain the desired reaction temperature, inlet means (such as inlet pipes at the
termini of lines 28 and 34) for monomers, diluents, catalysts and
polymorphogenate (combined or separately), temperature sensing means, and an
effluent overflow or outflow pipe which withdraws polymer, diluent and
unreacted monomers among other things, to a holding drum or quench tank (not
shown). Preferably, the reactor 32 is purged of air and moisture. One skilled in

the art will recognize proper assembly and operation.



[00119] This disclosure may al so be practiced in batch
reactors where the nononers, diluent, catalyst and
wW@2008a185t@ are charged to the reactor 32 and tPE@HUS2008/054567

pol ymeri zati on proceeds to conpletion (such as by

qguenchi ng) and the pol yner i?then recovered. [00120]

The reacted nononers within the reactor 32 form part

of a slurry. In one enbodi nment, the concentration of

the solids in the slurry is equal to or greater than

10 vol % and in other enbodi nents equal to or greater
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is adversely reactive with the catalyst under the polymerization conditions. For
example, in some embodiments, the monomer feed 28 preferably should be
substantially free of bases (such as caustic), and if they are not used as controlled
polymorphogenates, sulfur-containing compounds (such as H,S, COS, and
organo-mercaptans, e.g., methyl mercaptan, ethyl mercaptan), nitrogen-containing
bases, other oxygenates containing bases such as alcohols and the like. However
monomer feed 28 may be less pure, typically not less than 95% based on total
olefinic content by weight of the monomers supplied via lines 10 and 12, more

preferably not less than 98%, not less than 99%. In preferred embodiments the



oxygenate effective to catal yze the pol yneri zati on of
t he nononer containing feed-stream such that a
wa@goBiieisent anmount of pol ymer havi ng desired PCT/US2008/054567
characteristics is produced. The feed-stream 28 in one
enbodi nent contains a total nomer concentration
greater than 5 wt % (based on the total weight of the
nononers, diluent, oxygenate and catal yst system,
preferably greater than 15 W% and greater than 30
wt % in anot her enbodi nent. In yet another enbodi nent,
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pr e o | hapyed00 wopm by wei ght of the
rmnfggrcrec?géog%’pg?diéég vp%éPi nes 10 and 12. [00125] As is

norlf#8126y t helrcasprefared canibodindntrethe t poiyresrsztime femperature is
ConGLS 1, o WIS, DOl AL LIESLI0HS, i o
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1°C above the freezing point of the diluent. For the purposes of this disclosure
and the claims thereto when the phrase “within X°C above the freezing point of
the diluent” is used it means the freezing point of the diluent plus X © C. For
example if the freezing point of the diluent is -98°C, then 10°C above the freezing
point of the diluent is -88°C.
[00127] The reaction pressure can be from above 0 to 14,000 kPa in one
embodiment (where 0 kPa is a total vacuum), or from 7 kPa to 12,000 kPa, from

100 kPa to 2000 kPa, from 200 kPa to 1500 kPa, from 200 kPa to 1200 kPa, from
200 kPa to 1000 kPa, from 7 kPa to 100 kPa, from 20 kPa to 70 kPa, from 40 kPa



pol ynerized as well as standard process vari abl e and

econom c considerations, e.g., rate, tenperature
w@oowsntsje et c. The tenperature for the pol ymerP@EUBINS/054567

is less than 00C, preferably between -100C and the

freezing point of the slurry,4n one enbodi nent, and

from-25C to -1200C i n anot her enbodi nent. In yet

anot her enbodi nent, the polymnerization tenperature is

from-400C to -1000C, and from- 700C to -1000C in yet

anot her enbodi nent. In yet another desirable
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preconpl exed by m xing together wth any
pol sgpandp hod Snamatey, preferahly 26 than Bhminutes, preferably between 0.2

seconds and 1 minute before injection into the reactor.

[00131] In another embodiment of the disclosure, the initiator 22 and Lewis
acid 24, with or without polymorphogenate 26, preferably with polymorphogenate
26, are allowed to pre-complex by mixing together in the selected diluent at
temperatures between +80 and -150°C, typically between -40°C and -98°C.
[00132] The overall residence time in the reactor 32 can vary, depending
upon, c.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



sel ected diluent in any order for a prescribed anount
of tinme ranging fromO0.01 second to 10 hours, and then
WO 2008n185¢¢ ed i nto t he conti nuous reactor 32 thPQUYK2088/054567
catal yst nozzle or injection apparatus. In yet another
enbodi nent (not shown), Lew g,acid 24 and the
initiator 22 are added to the reactor 32 separately,
with or without pol ynmorphogenate via |ine 26 supplied
with one or both thereof. In another enbodi nent (not
shown), the initiator 22 is blended with the feed
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impeller is typically driven by an electric motor with a measurable amperage. The
reactor typically is equipped with parallel vertical reaction tubes within a jacket
containing liquid ethylene. The total internal volume, including the tubes, is
greater than 30 to 50 liters, thus capable of large scale volume polymerization
reactions. The reactor typically uses liquid ethylene to draw the heat of the
polymerization reaction away from the forming slurry. The pump impeller keeps
a constant flow of slurry, diluent, catalyst system and unreacted monomers

through the reaction tubes. A feed-stream of the cationically polymerizable



In yet another desirable enbodi nent, the ratio of

Lews acid to initiator is fromO0.5 to 10, or from
W@2008/11857@. The overall concentration of the iPECT/U82008/054567

in the reactor is typically from5 to 300 wopm or 10

to 250 wppm The concentratign of the initiator in the

catal yst feed streamis typically from50 to 3000 wppm

i n one enbodi nent. Another way to describe the anmpunt

of initiator in the reactor is by its anmount rel ative
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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.

[00138] The polymers of the instant disclosure 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

disclosure may also be blended. Properly formulated blends with high diene



reaction thus formng a slurry of polyner (such as
butyl rubber), wherein the solids in the slurry has a
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thus fornmed pol ymer (such as butyl rubber) is allowed
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to continue, thus constituting the continuous slurry
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monomer and catalyst feeds and the continuous removal of the polymer product.
Mixing was provided by a three bladed impeller mounted on a stainless steel shaft
and driver by an external electric motor. The motor was run at 1200 to 1600 rpm.
The reactor was also equipped with a thermocouple to monitor the temperature of
the reactor contents. The reactor was cooled to the desired reaction temperature,
listed in the examples, by immersing the assembled reactor into a pentane or
isohexane bath in an inert atmosphere glove box. The temperature of the stirred
hydrocarbon bath was controlled to £ 2°C. All apparatus in liquid contact with

the reaction medium were dried at 120°C and cooled in a nitrogen atmosphere



t hese conpounds. Hi gh-density pol yet hyl ene and
i sotactic polypropylene are often nodified with 5 to
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the instant polymers provide for a highly elastic
conmpound that is processable,in thernoplastic nolding
equi pnent. The pol ymers of the i nstant di scl osure may
al so be bl ended with pol yam des to produce ot her
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follows: MeOH = methanol; DME = dimethyl ether; Et,O = diethyl ether; DIPE =
diisopropyl ether; MEK = methyl ethyl ketone; 134a = 1,1,1,2-tetrafluoroethane;
MeCl = methyl chloride; Blend = 50/50 wt/wt mixture of 134a and MeCl; 1B =
isobutylene.
[00143] For Run Seriecs 4 to 11, the methyl chloride used for the
polymerization was dried by passing the gas through a desiccant bed as described

above. The desiccant was not completely effective at removing traces of

methanol, dimethyl ether and acetone that are adventitiously present in the methyl
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conducted at a reactor temperature of -95°C + 3°C. Polymerizations in 134a or
the blend were conducted at a reactor temperature of -75°C + 3°C. Near the
beginning of the polymerization, the temperature of the bath was lowered a few
degrees to provide an initial difference in temperature between the bath and the
reactor contents. The copolymerizations were begun by introducing the catalyst.
The catalyst flow rate was controlled to provide for a constant differential
temperature between the reactor and the bath and achieve the target

polymerization temperature for the run. Optionally, the temperature of the bath
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(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.
[00149] The data for each example in the Table represent the average of at
least 3 polymerizations conducted at the conditions listed in the Table, namely

diluent and organic oxygenate concentrations. The data for average monomer
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the formati on of precipitated polyner particles
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nononer feed in the reservoir was exhausted or until
the desired amount of nononej, feed was consuned.
Ceneral ly, the average nononmer conversion in these
runs was better than 75% and at tinmes as high as 95%
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12 Blend 19.1 5.0 6.0 1.0 0 0 0 34

13 MeCl 15.0 0 0 0 0 0 0 2.5

14 MeCl 16.1 5.0 0 0 0 0 0 2.6

15 MeCl 16.8 5.0 6.0 1.0 0 0 0 34
[00150] All patents and patent applications, test procedures (such as ASTM

methods), and other documents cited herein are fully incorporated by reference fo

the extent such disclosure is not inconsistent with this disclosure and for all



nunber of runs conducted at that condition. Run Series
1, 2, 4 and 13 do not contain added organi c oxygenates
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denonstrate that the addition of organic oxygenates to
the feeds results in the brogdening of the MAD. See
Fig. 2. Furthernore, the data show that increasing the
concentration of the oxygenate at the oxygenate |evels
i nvestigated increases the breadth of the MAD. Tabl e
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Accordingly, it is not intended that the scope of the
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clains be construed as enconpassi ng al features

of therekilabingheygry e wiychihp diclpwisq prataing. t he pr esent

di scl osure, including all features which would be
treated as equival ents thereof by those skilled in the
art to which the disclosure pertains. CLAIMS What i s
Claimed Is: 1. A nethod to polynerize one or nore
nmononer (s) to formisool efin polynmers and copol yners,
conprising: polynerizing the one or nore nononer(s) in
a pol ynerization nedium conprising the one or nore
nmononer (s), a diluent and a catal yst system wherein
the diluent conprises one or nore hal ogenated

hydr ocarbon(s); wherein the catal yst system conprises
one or nore Lewis acid(s) and a plurality of nodifiers
conprising one or nore initiator(s) and one or nore

pol ynor phogenat e(s); and



adj usting the concentration of said one or nore

pol ynor phogenate(s) in said polynerization nedium so
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controlled MAD greater than 2.0. 2. The nethod of

claim1l, further conprising:,supplying the

pol yneri zation nmediumin one or nore feed strean(s) to

a reactor for the polynerization; recovering a m xture

of polymer and diluent fromthe reactor; separating

di luent fromthe m xture to recover the polyner;

rec§EAIM§ t he separated diluent to the one or nore

rea%%rmg%%geﬁ%rean(s); and addi ng at | east one of the

one or nore polynorphogenate(s) to at | east one of the

onel.or nometheleth polymangesdne 8r nidre matohwds)ofo ¢érai mMollefin

wherein the dil yent 1S aration conprises renoval of

pol ynor ﬁﬁgﬁlgﬁaatng.cowy“f‘%%c BPHO® of claim2 or 3,

wher ei n polyenefigihy oy pitogemateemattthclris Pin € PoPhicsesion medium
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of the pol ynmysphooenatie taddilichOBorhstiseDbad Br éhore halogenated

pol ynmor phogenat e desired | evel.5. The net hod of any

one of cl ai mBYFOEPARS IR CHAPH ¥IIHY CRPEIHPHi Hignore
MAD of the reseMatRE)RRd ¥ BREIANES ROHiHSE ichE @Si%& *fmore
t he pol ynor phogenate addition to control tﬂe . 6.
The net hod ofMiEigF(YAR P o mergrelymerphagenajy{er idy t he at
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added to a nononer feed stream conprising diluent. 7.
The met hod ofaidnglyssezagpn gedjumssthen sgd whaelal polymers 4nd

| east one of c&ﬂ%ﬁry@e{?@?aggnéwoﬁtrﬁﬁhw 929&'?%1?63) s

added to a cata stream conprising the one or
nore Lewis acid(s). 8. The nethod of any one of clains

2 tp 7, ' - .feed st
P T SLGI0 O‘rfrglrgm? g:%&getr %1{1 rlsln%.e strean(s)

conpri ses a nono cat al yst feed
st ream sappdyiag sepahateiziteadnatiue amocoopmnbsi fogl tteeméh to a
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recovering a mixture of polymer and diluent from the reactor;
separating diluent from the mixture to recover the polymer;
recycling the separated diluent to the one or more reactor feed stream(s);
and
adding at least one of the one or more polymorphogenate(s) to at least one

of the one or more feed stream(s).

3. The method of claim 2, wherein the diluent separation comprises removal
of polymorphogenate.
4. The method of claim 2 or 3, wherein the polymorphogenate addition

comprises determining polymorphogenate level in at least one of the one
or more feed stream(s) and controlling a rate of the polymorphogenate

addition to obtain a polymorphogenate desired level.



9. The nethod of any one of clains 1 to 8, wherein the
pol yner has MAD | ess than 6. 10. The nethod of any one
w@Roosh#isms 1 to 9, wherein the one or nore PCT/US2008/054567

pol ynor phogenate(s) is selected fromthe group

consi sting of nolecul ar oxyggn, organic oxygenates,

and correspondi ng thio conpounds. 11. The net hod of

any one of claims 1 to 10, wherein the one or nore

pol ynor phogenate(s) is selected fromthe group

consi sting of alcohols, ethers, ketones, al dehydes,
est®rs, Thndnatlzndbddepy iove at Pldsnshatd hguftheypohptiong getermining
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pol ynor phogenate to Lewis acid |l ess than 1.13. The

net hod of any one of clains 1 to 12, wherein the one

or 6ror e The merokd plh egenatod Ca)md Stof, @deain thaatdersterd whthe one
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_coordin ani on

cl ai ns bobmmmﬁmgmheiﬁln the diluent has a dlelectrlc
constant greater than 6 at 200C. 18. The nethod of any
one of clains 1 to 17, wherein the diluent is sel ected
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chloridzé gﬁ;gylene chloride, CHCI 3, CO , n-butyl

chl ori de** &P 8r obenzene, and ni xt ures

10. The method of any one of claims 1 to 9, wherein the one or more
polymorphogenate(s) is sclected from the group consisting of molecular

oxygen, organic oxygenates, and corresponding thio compounds.

11. The method of any one of claims 1 to 10, wherein the one or more
polymorphogenate(s) is selected from the group consisting of alcohols,
cthers, ketones, aldehydes, esters, and carboxylic acids having from 1 to

12 carbon atoms.

12. The method of any one of claims 1 to 11, wherein the one or more
polymorphogenate(s) is present in an amount to provide a molar ratio of

polymorphogenate to Lewis acid less than 1.



thereof. 19. The nethod of any one of clains 1 to 18,

wherein the diluent further conprises a hydrocarbon or
wW@2008n18seact i ve ol efin and/or an inert gas. 20PCTH82008/054567

nmet hod of any one of clains 1 to 19, wherein the

di l uent conprises one or noreg, hydrofl| uorocarbon(s)

(HFC s).21. The nethod of claim 20, wherein the

di l uent conprises from15 to 100 vol unme % HFC based

upon the total volume of the diluent. 22. The nethod

of any one of clains 1 to 21, wherein the one or nore

Lewi s acid(s) is independently selected fromthe group
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styrenics, substituted styrenics, and vinyl ethers.
24. A polynerization system adapted to polynerize one

or 1¥r e TReNANESd 81 ahP ofl@rofndla%ﬁé)'lefo' M, PR R MtBe @Héj or more
copolynmers with a control | ed greater t han 2.
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polynnrqggaenate(s) and one or nore initiator(s); a
nmononer teed |ine adapted to supply the one or nore
nononer (s) and dlluent to the polynerlzatlon medi um in
the eacgtion zone; separ st f ee
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17. The method of any one of claims 1 to 16, wherein the diluent has a

dielectric constant greater than 6 at 20°C.

18.  The method of any one of claims 1 to 17, wherein the diluent is selected
from the group consisting of ethyl chloride, methyl chloride, methylene
chloride, CHCI;, CCly, n-butyl chloride, chlorobenzene, and mixtures
thereof.

19. The method of any one of claims 1 to 18, wherein the diluent further

comprises a hydrocarbon or a non-reactive olefin and/or an inert gas.

20. The method of any one of claims 1 to 19, wherein the diluent comprises

one or more hydrofluorocarbon(s) (HFC’s).



to the reaction zone.25. The pol ynerization system of
claim 24, further conprising: a product |ine adapted
W0 0saessver a m xture of polyner and dil uent fPCHUS1908/054567

reacti on zone; a polynmer recovery unit adapted to
separate diluent fromthe m xture and recover the

pol ynmer; a diluent recovery unit adapted to enrich the
separated diluent; a transfer line to recycle the
enriched diluent to the nononmer feed |ine; and an
oxygenate supply line adapted to introduce the one or
nor e pol ynor phogenate(s) to the nononer feed line, the
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system of any one of clains 24 to 26, wherein the
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nmononer feed line, the catalyst feed line, or a

conbi nation thereof; and a flow controll er associ at ed
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greater than 2.0, comprising:

a reaction zone adapted to polymerize the one or more monomer(s) in a
polymerization medium comprising the one or more monomer(s), a
diluent and a catalyst system; wherein the diluent comprises one or
more halogenated hydrocarbon(s), and the catalyst system
comprises one or more Lewis acid(s), and a plurality of modifiers
comprising one or more polymorphogenate(s) and one or more
initiator(s);

a monomer feed line adapted to supply the one or more monomer(s) and
diluent to the polymerization medium in the reaction zone;

a separate catalyst feed line adapted to supply one or more Lewis acid(s) to
the polymerization medium in the reaction zone; and

a system for adjusting a feed rate of the one or more polymorphogenate(s)

to the reaction zone.



anal yzer. 30. The pol ynerization system of any one of
clains 24 to 29, wherein the pol ynorphogenate supply
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catal yst feed Iine. 31. The polynerization system of
any one of clainms 24 to 30, erein the reaction zone
conprises a reactor independently selected fromthe
group consisting of a continuous flow stirred tank
reactor, a plug flow reactor, a noving belt or drum
reactor, a jet or nozzle reactor, a tubular reactor, a
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system of claim 32 or 33, wherein the pol ynor phogenate
is selected f#m the group consisting of nol ecul ar
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acids having from1l to 12 carbon atons. 36. The
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28. The polymerization system of any one of claims 24 to 27, wherein the

system for adjusting a feed rate of the one or more polymorphogenate(s) to
the reaction zone comprises:

a polymorphogenate analyzer to determine polymorphogenate level in the
monomer feed line, the catalyst feed line, or a combination thereof;
and

a flow controller associated with the polymorphogenate supply line to
control a flow rate of the polymorphogenate supply line to achieve
a polymorphogenate desired level at the polymorphogenate

analyzer.

29. The polymerization system of any one of claims 24 to 28, wherein the

system for adjusting a feed rate of the one or more polymorphogenate(s) to



phenol, a tertiary alkyl halide, a tertiary aralkyl

halide, a tertiary alkyl ester, a tertiary aralkyl
W@ea0sn18sa6 tertiary al kyl ether, a tertiary araP®EyIUS2008/054567

et her, al kyl halide, aryl halide, alkylaryl halide,

and aryl al kyl acid halide. 39¢, The catal yst system of

any one of clains 32 to 38, further conprising a

weakl y- coordi nati ng ani on. 40. An isool efin polyner or

copol ymer having a controlled MAD greater than 2.0

prepared according to the nethod of any one of clains
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analyzer.

30. The polymerization system of any one of claims 24 to 29, wherein the
polymorphogenate supply line is connected to the monomer feed line or to

the catalyst feed line.

31. The polymerization system of any one of claims 24 to 30, wherein the
reaction zone comprises a reactor independently selected from the group
consisting of a continuous flow stirred tank reactor, a plug flow reactor, a
moving belt or drum reactor, a jet or nozzle reactor, a tubular reactor, a

batch reactor, and an autorefrigerated boiling-pool reactor.

32. A catalyst system for the carbocationic polymerization of isoolefins,
comprising a plurality of active catalyst complex species formed by

combination of a Lewis acid, an initiator, and a polymorphogenate.

33. The catalyst system of claim 32 wherein the different active catalyst
complex species have different polymerization rates in the slurry
polymerization of isobutylene in a butyl reactor with methyl chloride

diluent at -95°C.

34. The catalyst system of claim 32 or 33, wherein the polymorphogenate is
selected from the group consisting of molecular oxygen, organic

oxygenates and corresponding thio compounds.

35. The catalyst system of any one of claims 32 to 33, wherein the
polymorphogenate is selected from the group consisting of alcohols,
cthers, ketones, aldehydes, esters and carboxylic acids having from 1 to 12

carbon atoms.
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36. The catalyst system of any one of claims 32 to 35, wherein the
polymorphogenate is present in an amount to provide a molar ratio of

polymorphogenate to Lewis acid less than 1.

37. The catalyst system of any one of claims 32 to 36, wherein the initiator

comprises at least one non-chalcogenate.

38. The catalyst system of any one of claims 32 to 36, wherein the initiator is
independently selected from the group consisting 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, and arylalkylacid halide.

39. The catalyst system of any one of claims 32 to 38, further comprising a

weakly-coordinating anion.

40.  An isoolefin polymer or copolymer having a controlled MWD greater than

2.0 prepared according to the method of any one of claims 1 to 23.

41.  An isoolefin polymer or copolymer having a controlled MWD greater than
2.0 prepared by contacting one or more monomers with the catalyst system

of any one of claims 32 to 39 at polymerization conditions.



