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Cationic Polymerizations, Marcel Dekker, Inc., New York, 1996. The catalyst is

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

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

diluent methyl chloride. Typically, the polymerization process extensively uses
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[0006] Another problem associated with slurry polymerization is the

tendency of the polymer to form or deposit on the reactor surfaces. This manner

of polymer formation or deposition occurs when the polymer forms directly on the
reactor surfaces, and is referred to herein as “film deposition” or “deposition” to
distinguish from the agglomeration and collection of “sticky” polymer particles
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from the slurry, which is referred to herein as “polymer agglomeration,” “particle
agglomeration” or “agglomeration.” The rate of polymer film deposition on the

reactor surfaces is generally proportional to the rate of polymerization, whereas
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di scl oses a nmethod for the preparation of isoolefin
pol ty?f’@ patepts have unsatisfactorily addressed the myriad of problems associated

with film deposition on heat transfer surfaces for implementing a desired
commercial process.

[0009] 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 homopolymerization 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
which reaction system it is suggested to add such dispersing agents as carboxylic

acid esters, cthers, ketones, amines, styrenes or alkyl substituted styrenes. The
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[0012] Finding alternative blends of diluents, or a diluent additive to
improve polymerization methods and systems that would reduce film deposition
on reactor surfaces is desirable. Such improved methods and systems would
reduce polymer deposition and reactor heat transfer resistance without
compromising process parameters, conditions, or components and/or without

sacrificing productivity/throughput and/or the ability to produce high molecular

weight polymers.
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polymerization medium in an amount up to 10 wppm by total weight of the
polymerization medium one or more nonionic oxygenate(s), or oxygenate(s) that
is not a Bronsted acid, for example, oxygenate(s) selected from ethers, ketones
and aldehydes having from 2 to 12 carbon atoms. In some embodiments, the one
or more oxygenate(s) can be effective to further decrease polymer deposition. In
other embodiments, the one or more nonionic oxygenate(s) comprises less than 5
wppm by total weight of the polymerization medium. The one or more
oxygenate(s) can be supplied with the catalyst feed.

[0018] The catalyst can include one or more Lewis acid(s) and one or
more initiator(s). In an embodiment, the one or more initiator(s) can be
independently selected from the group consisting of water, a hydrogen halide, a

carboxylic acid, a carboxylic acid halide, a sulfonic acid, an alcohol, a phenol, a
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more. In other embodiments, x is from 1 to 10, from 1 to 6, or from 1 to 3. The
one or HFC’s can be, for example, 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. The diluent can comprise from 25 to 100 volume % HFC based upon the
total volume of the diluent. The HFC diluent can further include a halogenated
hydrocarbon other than HFC, for example, methyl chloride. The diluent can also
include a hydrocarbon, a non-reactive olefin and/or an inert gas. In another

embodiment, the diluent can have a dielectric constant greater than 40 at -85°C.

[0021] The reactor can be independently sclected from the group
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alcohol to the reactor separately from the catalyst line. In an embodiment, the
reactor can be a butyl reactor.
[0026] In an embodiment the slurry polymerization system can include
means for determining a total alcohol supply rate to the reactor, e.g., a flowmeter
or an analyzer, and means for adjusting a rate of alcohol addition via the alcohol
addition line to obtain a total alcohol supply rate at a desired level, e.g., a flow
controller or a valve. In an embodiment, the alcohol addition line can feed into the

monomer supply line. The alcohol analyzer can include an on-line analyzer to

sample the monomer supply line. In one embodiment, the system can have a



catal yst conprising one or nore Lewis acid(s) and one
or nore initiator(s). The pol ynerization system can
whaws/18851 ne to supply catal yst to the react orPCHUB1008054581

to supply nonomer to the reactor separately fromthe

catalyst line, and a line to add al cohol to the

reactor separately fromthe catalyst line. In an

enbodi ment, the reactor can IBe a butyl reactor. [0026]
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separate monomer and catalyst feeds to the reactor.

[0030] In one embodiment, the disclosure provides a method to decrease
polymer deposition on reactor surfaces in a slurry polymerization system
comprising supplying an alcohol to the polymerization medium with a monomer
feed.

[0031] The selection of polymerization conditions and components
suitable to polymerize monomers to form a polymer are well within the ability of
those skilled in the art necessary to obtain the production of a desired polymer in
light of process parameters and component properties described herein. There are

numerous permutations of the polymerization process and variations in the



The term pol ynerization nmediumrefers to an adm xture

of the catalyst, one or nore polynerizabl e nononer(s)
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separate nononer and catal yst feeds to the reactor.

[0030] In one enbodi nent, the disclosure provides a

nmet hod to decrease pol yner deposition on reactor

surfaces in a slurry pol ynerigzati on system conpri si ng

suppl ying an al cohol to the polynerization nediumwth

a nononer feed. [0031] The sel ection of polynerization
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Groups are used as in CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).
[0036] Polymer may be used to refer to homopolymers, copolymers,
interpolymers, terpolymers, etc. Likewise, a copolymer may refer to a polymer
comprising at least two monomers, optionally with other monomers. 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 of 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 can be the form that reacts with the



[0034] Slurry refers to a volune of diluent conprising

pol yners that have precipitated fromthe diluent,
worRmwsness] Lewis acid, and initiator. The sl urP@I/Us2008/054581

concentration is the volune percent of the partially

or conpletely precipitated pol yners based on the total

volunme of the slurry. [0035] As used herein, the new

nunbering schene for the Peri@di c Table G oups are

used as in CHEM CAL AND ENG NEERI NG NEW5, 63(5), 27

(1985). [0036] Polymer may be used to refer to
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formul a, such as, for exanple, a
%91193 %ﬁeﬁﬁw or an ethyl group (CH3CH2), etc.
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subksu e o dreichel CBRT alurbivDE fo PE£8R0B P, and
hy dnOg&R, B SxngY methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy,
secondary butoxy, tertiary butoxy, pentyloxy, isopentyloxy, hexyloxy, heptryloxy,
octyloxy, nonyloxy, and decyloxy; haloalkyl, which means straight or branched
chain alkyl having 1 to 20 carbon atoms which is substituted by at least one
halogen, and includes, for example, chloromethyl, bromomethyl, fluoromethyl,
iodomethyl, 2-chloroethyl, 2-bromoethyl, 2-fluoroethyl, 3-chloropropyl, 3-
bromopropyl, 3-fluoropropyl, 4-chlorobutyl, 4-fluorobutyl, dichloromethyl,
dibromomethyl,  difluoromethyl,  diiodomethyl,  2,2-dichloroethyl,  2,2-
dibromomethyl, 2,2-difluoroethyl, 3,3-dichloropropyl, 3,3-difluoropropyl, 4,4-
dichlorobutyl, 4,4-difluorobutyl, trichloromethyl, 4,4-difluorobutyl,
trichloromethyl, trifluoromethyl, 2,2,2-trifluoroethyl,  2,3,3-trifluoropropyl,



at | east one substituent selected from for exanple,

hal ogen (chl orine, bromne, fluorine, or iodine),
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thiol, alkylthiol, and hydroxy; alkyl, straight or

branched chain having 1 to 20 carbon atons which

i ncl udes nethyl, ethyl, propyl, tert-butyl, isopropyl,

i sobutyl, etc.; al koxy, straight or branched chain

al koxy having 1 to 20 carbon atons, and includes, for

exanpl e, met hoxy, ethoxy, propoxy, isopropoxy, butoxy,
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of an alcohol additive in the nononer
than possible with other polymerization systems.

[0042] In another embodiment the alcohol additive can be used in a
monomer feed to an autorefrigerated boiling-pool reactor where heat is removed
by evaporation of the diluent and monomers mixture to reduce film formation or
deposition on the reactor wall and agitator/impeller surfaces, among other things.

[0043] In one embodiment, this disclosure relates to the discovery of new
polymerization systems using monomer feed diluents containing an alcohol.

These diluents can effectively dissolve the selected catalyst and monomers but are



pol yneri ze and copol ynerize isoolefins with dienes to
produce isool efin copolyners with significantly
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carbon at ons. ) )
include 1) isobutylene and para-methyl styrene 2) isobutylene and isoprene, as

well as homopolymers of isobutylene.

[0045] Additionally, preferred monomers include those that are
cationically polymerizable as described in Cationic Polymerization of Olefins, A
Critical Inventory, Joseph Kennedy, Wiley Interscience, New York 1975.
Monomers include any monomer that is cationically polymerizable, such as those
monomers that are capable of stabilizing a cation or propagating center because
the monomer contains an electron donating group.

[0046] 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



Exanpl es of preferred ol efins include styrene,
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wareosess77 di vi nyl benzene, dii sopropenyl benzenePCT/US2008/054581
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wt% of isobutylene with 15 to 0.5 wt% isoprene, or by reacting 95 to 99.5 wt%
isobutylene with 5.0 wt% to 0.5 wt% isoprene in yet another embodiment.

[0049] This disclosure 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
para-methylstyrene) 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,



conmononer m xture, the m xture having at least (1) a C
to Ce isool efin nononer conponent such as isobutene
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i n other enbodi nents. The comn4 ugat ed di ene conponent
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propanol , 2-nethyl propan-2-ol, yclohexanol and
ben 9$2]a| coh#l . ofsh esflodingeab f lj]pe polymerization medium can be

substantially free of other oxygenates, such as initiator oxygenates or Bronsted
acid oxygenates other than alcohols that can alter the effectiveness of the alcohol
to inhibit the polymer film from forming or depositing on the reactor surfaces, i.e.
less than 5 wppm by weight of the monomer feed before being polymerized,
preferably less than 1 wppm. In one embodiment the polymerization medium is
also substantially free of nonionic oxygenates such as aldehydes, cthers and
ketones. On the other hand, in some situations the presence of another nonionic
oxygenate, preferably selected from aldehydes, ethers and/or ketones, especially

ethers and ketones, from 1 or 2 wppm by weight of the monomer feed before



in the nononer feed according to this disclosure

i ncl ude phenol; 2-nethyl phenol; 2, 6-di nethyl phenol;
w@20Blitesophenol ; p-fl uorophenol ; PCT/US2008/054581

2,3,4,5, 6-pent af | uorophenol ; and 2- hydr oxynapht hal ene.

Diols, glycols and polyols are al so suitable al cohols.

The al cohols can be substituted or unsubstituted.

[ 0051] The al cohol is preferaply present in the
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the rate of filmformation on the reactor surfaces as
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chloride, ethyl chloride, propyl chloride, butyl chloride, chloroform and the like.

[0054] Hydrofluorocarbons can be used as diluents in the present
disclosure, alone or in combination with other hydrofluorocarbons or in
combination with other diluents. For purposes of this disclosure and the claims
thereto, hydrofluorocarbons (“HFC's” or “HFC”) are defined to be saturated or
unsaturated compounds consisting essentially of hydrogen, carbon and fluorine,
provided that at least one carbon, at least one hydrogen and at least one fluorine

are present.



et her, acetone, nethyl ethyl ketone, and so on.

Di luents [0053] Suitable diluents in the present
waele@shossar e i ncl ude hal ogenat ed hydr ocar bons, PCT/US2008/054581

especially chlorinated and/ or fluorinated hydrocarbons

and the like. Specific exanples include but are not
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to 6, alternatively from2 to 20 alternatively from 3

to tfdess than 10, or by adding larger amounts of initiator or transfer agent when the
dielectric constant is above 10. The dielectric constant of the diluent &p is
determined from measurements of the capacitance of a parallel-plate capacitor
immersed in the diluent [measured value Cp], in a reference fluid of known
dielectric constant eg [measured value Cr], and in air (ga=1) [measured value Ca].
In each case the measured capacitance Cy; is given by Cy= eCc+Cg, where € is the
dielectric constant of the fluid in which the capacitor is immersed, Cc is the cell
capacitance, and Cg is the stray capacitance. From these measurements gp is
given by the formula ep=((Cp-Ca) er + (Cr-Cp))/(Cr-Ca).  Alternatively, a

purpose-built instrument such as the Brookhaven Instrument Corporation BIC-870



alternatively from3 to 6, nost preferably from1l to
3, whereiny and z are integers and at |east one.
WO 0®88185rh one enbodi ment, the diluent conpri SBGI/US2008/054581

non- perfluorinated conpounds or the diluent is a

non- perfluorinated diluent. Perfluorinated conmpounds

consi st of carbon and fluorine. However, in another

enbodi nent, when the diluentitonprises a blend, the

bl end may conprise perfluorinated conmpound,
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Al ternatively, a purpose-built instrument such as the
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As éxanples, the dielectric constant (e)
18.184 fnﬁronrﬁéltahyl gitbethinge; 1¥6pPafigr nitrobutane,  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.

[0062] When employed in the diluent, the HFC is typically present at 1 to
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,



di fl uoronet hane; and 23.25 for 134a. [0058] In other
enbodi nents, one or nore HFC s are used in conbination
WORMR/18850t her dil uent or m xtures of dil uents.PGUUSAD$/@54581

addi ti onal diluents include hydrocarbons, especially
hexanes and hept anes, hal ogenat ed hydrocar bons,
especially chlorinated hydrocarbons and the |ike.

Speci fic exanpl es include thpse nentioned above.

[0059] In another enbodi ment, non-reactive ol efins nay
be used as diluents in conbination with other diluents
suctp, 88, HFE7.93, eixhypdlese peredntid & 2 brgferad emhodimkntrthe BHC is

t o, bl drfdlgé( l\%ﬂle’olplg rﬁ%l &N ghlm%gl edt H)gdr#o [ Oﬂlﬁgll?t#&a&%%rred

ment ion W
Cc hI onbiodanaad theyidF © dmdh@redsftmin tlangmqi hgds1stilllg off diﬁeoromethane
Addi t.i onal enbo ude .0y
contHaPPEh i ¢ - ety R ol 1012

hexmmﬁﬁmnkﬂmﬂmnmhﬁkmﬁﬂbmﬁmﬁent the di l uents such as

re us conbi nati on i.th one.or nore g
ot he T e e Rraton Ca b e B TG e ciected
Nni t0ge Gponhitd kAGISIHLy ﬁnrgerpom@an cheald uﬂﬁlen{érat@ts@mble in the
xenon and/ or other ipert t. are prefera

| i qRabemete Paslerreg flgenth e dislh Brno Sﬁiﬂ@lﬂl@f ndbe piye Boluwitiy
| ncihuge p@ﬁyﬁ{@p fis q{e%lr&leb}arﬂmg et podEfdE- in 096k dfNthickness

anot her enbodi nent the diluents, including HFC s, are
us eRFLVIEn A8 mae AR Misronyi then wiking it ifrdileenh {onpiahde cayok Sisddm)

i nCﬁoHd'H&Qrsgt e CARRL Mrﬁlt1§i="erﬂdv@@%m ﬂié!‘a lh&n OfxpNe@NG &SN
al kanes. Preferred nitrated al kanes i ncl ude, B are

nottempertugdfor Q0 spiondv freevaarrete arcess sliumarfiom the \irface of the
ni tﬁlgﬁ aflP@dBhed! FHORNS Wk &eﬁﬁ(gmttﬁé‘ﬁerc&'té ODEARA0Gr the

ni troheptane, nitrooctane, nitrodecane, nitrononane,
ni t ilodwelelgafier, sonking. dundee ambodiments, dloy/fe] dlwertt lva didyent mixture

NI LEoeXG QARG olyr}hérrhgscé/ 81' %E%QB‘FleSernrzPW&'p?Q&%ﬁQ‘?ess
exane

nitroc 8+ pent a

ni tmﬂcch@heprteﬁmaé)ly ﬁﬁss rﬂwmyzlxm@/ctmmférab}yi tesothao | b aebamegre
ni tgo Iq ane, nL;rocycIododecane,
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100empérbtie: PebLHbpolame ditiian thdne). I 6%l of\eal difgen®funtdacted
dil nl'lloerpotn{c’ers a?nldta?lghﬂsésl 1¥\?v|1t?{1n 15°C of the Tg of the polymer measured after it
has been formed into a film of thickness between 50 and 100 microns, that has
been soaked in diluent (enough to cover the film) for 4 hours at —75°C. The glass
transition temperature is determined by differential scanning calorimetry (DSC).
Techniques are well described in the literature, for example, B. Wunderlich, “The

Nature of the Glass Transition and its Determination by Thermal Analysis”, in

Assignment of the Glass Transition, ASTM STP 1249, R. J. Seyler, Ed., American

Society for Testing and Materials, Philadelphia, 1994, pp. 17-31. The sample is
prepared as described above, sealed immediately after soaking into a DSC sample
pan, and maintained at a temperature below —80°C until immediately before the
DSC measurement. Preferably the Tg values of the diluent-free and diluent-

soaked polymers are within 12°C of each other, preferably within 11°C, 10°C,
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of the G.ass, Transition_ . ASTM STP 1249, R

Seyhayis agigs withipfiecaniert ghthe disgloss Test i ng and

l\/ht@[ﬂagﬂrs Phi | adel phia, 1994, pp. 17-3 1. The sanple

repared as descri bed above, seal ed i nmedi at el
af tlgp6§0akl némql'cﬁ@ré usefpsm g%ﬁ]sgosure are those initiators which are

capable of being complexed in a suitable diluent with the chosen Lewis acid to

yield a complex which rapidly reacts with the olefin thereby forming a
propagating polymer chain. Illustrative examples include Bronsted acids such as
H,O, HCI, RCOOH (wherein R is an alkyl group), alkyl halides, such as
(CH3):CCl, C¢HsC(CH3),Cl and (2-Chloro-2,4,4-trimethylpentane). More
recently, transition metal complexes, such as metallocenes and other such
materials that can act as single site catalysts, such as when activated with weakly
coordinating Lewis acids or Lewis acid salts have been used to initiate isobutylene

polymerization.



pan, and mai ntai ned at a tenperature bel ow -80 0C
until imredi ately before the DSC neasurenent.
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chloroacetic acid, dichloroacetic acid, trichloroacetic acid, trifluoroacetic acid, p-
chlorobenzoic acid, and p-fluorobenzoic acid. Particularly preferred carboxylic
acids include trichloroacetic acid, trifluoroacteic acid, and p-fluorobenzoic acid.

[0073] Carboxylic acid halides useful in this disclosure are similar in
structure to carboxylic acids with the substitution of a halide for the OH of the
acid. The halide may be fluoride, chloride, bromide, or iodide, with the chloride
being preferred. Preparation of acid halides from the parent carboxylic acids are
known in the prior art and one skilled in the art should be familiar with these
procedures. Carboxylic acid halides useful in this disclosure include acetyl
chloride, acetyl bromide, cinnamyl chloride, benzoyl chloride, benzoyl bromide,

trichloroacetyl chloride, trifluoroacetylchloride, trifluoroacetyl chloride and p-



(CH3) 3CC1, C6H5C(CH3)2C 1 and
(2-Chloro-2,4,4-trinethyl pentane). Mire recently,
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compounds represented by the formula below:

I|<3
R+—C—X

Ry

wherein X is a halogen, pseudohalogen, ether, or ester, or a mixture thereof,
preferably a halogen, preferably chloride and R, R2 and R3 are independently
any linear, cyclic or branched chain alkyls, aryls or arylalkyls, preferably



structure to carboxylic acids with the substitution of
a halide for the OH of the acid. The halide may be
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chloride being preferred. Preparation of acid halides
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claims thereto pseudohalogen is defined to be any compound that is an azide, an
isocyanate, a thiocyanate, an isothiocyanate or a cyanide.

[0078] Another preferred initiator is a polymeric halide, one of R, 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
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catalysts.

[0083] 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 disclosure the WCA

does not transfer an anionic fragment or substituent to the cation thus creating a
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Catbyl YR E R GOPRT N SnpeUPeRRgomH Phagdict tnd a
CONGQKA%E almEhnddk Y&HU line to supply the one or more monomer(s) and diluent

to the polymerization medium in the reaction zone; an alcohol supply line; a

catalyst feed line separate from the alcohol supply line to supply one or more
Lewis acid(s) to the polymerization medium in the reaction zone; and a control
loop to adjust a feed rate of the alcohol in the alcohol supply line to the reaction
zone. The diluent can be one or more halogenated hydrocarbon(s).

[0086] 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



conposition conprising of a reactive cation and a
weakl y- coordi nati ng ani on ("WC ani on" or "WCA" or

WO Di08/1)857The cat al yst conposition conprisi ng tPEr/VE2008/054581
anion will include a reactive cation and in certain
i nstances are novel catalysts. [0083] A
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boiling-pool reactor.  The reactor can be operated on a continuous or
semicontinuous basis.

[0090] Fig. 1 is a schematic flow diagram of a polymerization system or
process according to a non-limiting embodiment of the disclosure. Isobutylene in
line 10, comonomer(s) in line 12, diluent 14a from storage 14 and alcohol,
optionally with other oxygenate, in line 16 are blended in feed blend unit 18.
Feed blend unit 18 is conventional except in respect of the alcohol and/or
oxygenate addition. As is known in the art, it is typical to dry and fractionate the
isobutylene and/or comonomer(s) if necessary to remove impurities in advance of
the feed blend unit 18. The catalyst preparation unit 20 generally includes

conventional apparatus for mixing the initiator 22 and Lewis acid 24, and diluting



catal yst; a nononer feed |line to supply the one or
nore nononer (s) and diluent to the pol ynerization
wore@samsrh t he reaction zone; an al cohol supplBCT/US208/654581
catal yst feed line separate fromthe al cohol supply
line to supply one or nore Lewis acid(s) to the
pol ynmeri zation nediumin the reaction zone; and a
control loop to adjust a feegbrate of the alcohol in
the al cohol supply line to the reaction zone. The
di  uent can be one or nore hal ogenated hydrocarbon(s).
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reactor, a plug flow reactor, a nmoving belt or drum

r eaid§ Bqle a@xygepate flow or rate transmitter 48 and flow controller 50. Flow
control loops are well known in the art. The oxygenate rate transmitter can
include an online analyzer such as a gas chromatograph (GC) and a flow meter.
[0093] The flow control loops can be operated to adjust the flow rate of
alcohol-containing oxygenate 16 and optionally other oxygenate 26 to match a
respective desired level for the rate transmitter 42, 48, e.g. if the oxygenate rate is
below the desired level, the corresponding control valve 40, 46 is opened to
increase the oxygenate flow rate. The oxygenate flow rate desired level(s) can be

entered manually or automatically as part of a film deposition rate controller 52,

which can be independent or part of a distributed or centralized process control



or nozzle reactor, a tubular reactor, a batch reactor,
and an autorefrigerated boiling-pool reactor. The

w0 gastiees7tan be operated on a continuous or PCT/US2008/054581
sem conti nuous basis. [0090] Fig. 1 is a schematic
fl ow di agram of a pol ynerization system or process
according to a non-limting enbodi nent of the
di scl osure. |sobutylene in |2ne 10, cononomer(s) in
line 12, diluent 14a from storage 14 and al cohol,
optionally with other oxygenate, in line 16 are
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40, th&pdist erurge or bleed mechanism to prevent excessive levels from
accumulating in the process. For example, some or all of the oxygenate can be
extracted with the quench medium and/or polymer. In one embodiment, the
polymer recovery unit 60 is operated to control a partition of the oxygenate
between the vapor stream 62 and liquid quench medium by maintaining the
appropriate pressure and temperature conditions. The recovered polymer is
transferred via line 72 for finishing operation 74 which can remove residual
diluent, monomers, and quench medium using a scries of screens and extruders,

followed by compression into bales, wrapping and packaging in containers as



associ ated flow control | oop can include oxygenate
flow or rate transmtter 42 and flow controller 44. In
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oxygenate is additionally added via line 26 to the
catal yst preparation unit 20. The line 26 can incl ude
a flow control valve 46, and the associated fl ow
control loop can include a oxygenate flow or rate
transmtter 48 and flow controller 50. Flow control
| oops are well known in the art. The oxygenate rate
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the coolant is present on the other side. An example is a reactor where tubes

containing coolant run inside the reactor polymerization zone. Another example
would be where the polymerization occurs inside a tube and the coolant is present
on the outside of the tube in a shell.

[0097] This disclosure may also be practiced in batch reactors where the
monomers, diluent, catalyst and oxygenate are charged to the reactor 32 and then
polymerization proceeds to completion (such as by quenching) and the polymer is

then recovered.



introduced via line 58. The polyner is then separated

fromthe slurry in polyner recovery unit 60, using the
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unreacted nononers in a flash tank or stripper, for

exanpl e. The vapor stream 62 is then dried and

fractionated in diluent recovery unit 64 to obtain

di l uent recycle 66, recoveregh nononer 68, which may

al so be recycled, and one or nore oxygenate or waste

stream(s) 70. It is also possible for all or part of
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reference. The reactor pump impeller can be of the up-pumping variety or the
down-pumping variety. The reactor 32 can contain sufficient amounts of the
catalyst 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 28 in one embodiment contains a total monomer
concentration greater than 5 wt% (based on the total weight of the monomers,
diluent, oxygenate and catalyst), preferably greater than 15 wt%, 20 wt%, 25 wt%,

or greater than 30 wt%. In another embodiment, the feed 28 can contain from 5



surface heat transfer (such as where the coolant is
present on the inside of the drum or under the belt
w@e@stikss7pol ynmer is produced on the other si deP@f/Us1968/054581

belt or drun). Another type of reactor 32 is a jet or
nozzl e reactor. These reactors have a short residence
time where the nononmer feed in line 28 and catal yst
conplex in line 34 are conbimed in the jet or nozzle

and the polynerization occurs as the m xture passes
through the nozzle at high velocity. [0096] Preferred
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temperature is conveniently selected based on the target polymer molecular
weight and the monomer to be polymerized as well as standard process variable
and economic considerations, e.g., rate, temperature control, etc. The temperature
for the polymerization is less than 0°C, preferably between -10°C and the freezing
point of the slurry in one embodiment, and from -25°C to -120°C in another
embodiment. In yet another embodiment, the polymerization temperature is from
-40°C to -100°C, and from -70°C to -100°C in yet another embodiment. In yet
another desirable embodiment, the temperature range is from -80°C to -100°C.
[00103] In a preferred embodiment, the polymerization temperature is

within 10°C above the freezing point of the diluent, preferably within 8°C, 6°C,
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or gﬁ@@%fy%%e%ﬂ 9:2 seconds and 1 minute before injection into the reactor. In
another embodiment of the disclosure, the initiator 22 and Lewis acid 24, with or
without oxygenate 26, preferably with oxygenate 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.
[00107] The overall residence time in the reactor 32 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
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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 and unreacted monomers through the
reaction tubes. A feed of the cationically polymerizable monomer(s) (such as
isoprene and isobutylene) in a polar diluent with the added alcohol is charged into

the reactor. The catalyst is then charged into the reactor, the catalyst having a

Lewis acid and an initiator present in a molar ratio of from 0.50 to 10.0. Within



by m xing together with any oxygenate via line 26 in

the selected diluent in any order for a prescribed
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and then is injected into the continuous reactor 32

t hrough a catal yst nozzle or injection apparatus. In
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in qup@nerr%ﬁ]@@e]@'fmner 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
disclosure make them ideal for rubber tire-curing bladders, high temperature
service hoses, and conveyor belts for hot material handling.

[00113] 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.

[00114] The polymers of the instant disclosure are also useful in tire
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the initiator in the reactor is typically from5 to

300 wppm or 10 to 250 wppm The concentration of the

initiator in the catalyst feed is typically from50 to

3000 wppm i n one enbodi nent.34Anot her way to descri be
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EXAMPLES
[00119] Polymerizations were conducted in a laboratory-scale continuous
reactor constructed of stainless steel and designed to permit the introduction of
monomer and catalyst feeds as well as the continuous removal of the polymer
product. Mixing was provided by a three-bladed impeller mounted on a stainless

steel shaft and driven 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



l'ine while sinmultaneously allow ng the feed charging

to continue, thus constituting the continuous slurry
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i nproves this process in a nunber of ways, e.g., by

reducing the rate of polyner filmdeposition on the

reactor walls, heat transfer surfaces, agitators

and/or inpeller(s), and in the outflow line or exit

port, and ultimtely reducing the anmount of polymer

accurmul ation in the reactor as neasured by heat
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Themghyhehioride.of t he di scl osure may al so be bl ended.

Pr O[Bﬁﬁﬂl for Fﬂﬂl: ?1{11%;' c@om%zm&lpwgk%rf&in%ﬁ%y first preparing the
monomer and catalyst feeds. The monomer feed was prepared in a glass or metal
reservoir and comprised isobutylene, isoprene, the selected diluent and any
alcohol or other oxygenate. A catalyst feed was prepared for each
copolymerization in a separate reservoir. The catalyst feed was prepared by
adding a predetermined amount of the stock HCI solution, a hydrocarbon solution
of ethylaluminum dichloride (EADC) and optionally an organic oxygenate. The
EADC/HCI molar ratio in the catalyst feed for all examples was 3.0.

[00122] An initial monomer feed was also prepared and charged into the
reactor for the purpose of starting the polymerization run. The concentration of

monomer in this initial charge was 10 wt.% isobutylene. Isoprene was also
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follow ng exanples reflect e nments o
d| sl osiouwtes after dlrce répgtiono comawscaddntedaiect thy Be Firmptiomgf

> 0
S o T
comhorrumu Jeademcthe rremnmt wac tecugéd st antmll ﬁassdeamledtmcamd of
de3|1grpedto rmt th tro CEh

cat AP yPete f%eé‘d‘%as %0“\9%?? e‘%eﬁa
t heth@;@lmm@vas }bétmﬂltl(ah 75% amdﬁ'gﬂm@&ﬂs pirgch\as d8%d. by a
thr aded | Ie mounted on a stainles t eel

e BB S5 A R0 OE B AR ontaR s R Rt Sptisd and
mlotmas pYBef Hiin 3h t}?leZQQI Eﬂthl%&er 1|9em>w ThevdpeAL A ind@face was
al so_e th a thernocouple to nonitor
t het é‘ﬁ%%fjp g? Eff é“vgo‘F’elgFF‘éi r Egdeigl e ﬁ?@ym¥@0¢%s%9weng the
wasryf Rk @lotcR1IddRR HRAIhedvdigRE! |A0ﬂlm ratio was then calculated for

each run by dividing the mass (in milligrams, mg) of the wall film by the mass (in

Vﬁrag% 1’1’101’1 m I' ql’lV%I'FIOI’l in

grams, g) of the total amount of polymer produced in the experiment. The film
ratios presented below have the units of mg of film per g of polymer produced.
The data for each example represent the average of at least 3 polymerizations
conducted with the corresponding diluent and organic oxygenates at the specified
concentrations. The data for average monomer feed rate and average wall film
ratio were calculated as a simple average for the total number of runs conducted at
that condition.

[00124] Terms used in Tables 1 and 2 and Fig. 2 are defined as follows:
MeOH = methanol; DME = dimethyl ether; Et,O = diethyl ether; DIPE =



tenperature by i mersing the assenbled reactor into a
pent ane or isohexane bath in an inert atnosphere gl ove
Who008/1T4527 t enperat ure of the stirred hydrocar bRCI/81008/054581
was controlled to 2C. Al apparatus in liquid contact

with the reaction nmediumwere dried at 1200C and
cooled in a nitrogen atnosphere before use. [00120]

| sobutyl ene (Mat heson or Exx®nMobil) and net hyl
chloride (Air Gas) were dried by passing the gas

t hrough three stainless steel columms containing

bar digopromil dtheadEker methphdbyldethnand4e ol 1, BELddradlgoroethane;
i quids_i OV X. [ TR —
chi' e e b S B AR SO R HtRYer BRI MeGiB
t o sébatylléngui d at | ow tenperature and subsequently

dizéh{#kpglhﬁe met hyl chloride fromthis solution
un ' vapor pressure.

1, 1j0012%] Tet r *lh WRrieet Haneho(v1Bd adffeCiNaf bonkdohol additive in the

Refrigerants) was dried by passing the.gas thyrough

¢ hr BYHEHER THCYET G 57 8P QAT RGN PR 08 ALHB e aRun
Si exgigs And 4Was 8 dRNde b&fdn anidd oalahe Ok @ebnass @hdl dr&letinthatdfive
the gl ove box. |soprene (Al drich) was i%her distilled
pr i GRAMPLS-udBINoPerigs el dals ik ddiOViEResns 6@5@ Bepinof dhraprraent
to difigosiRNAIRIembBfM cAthat2th8 0Btk W bidaki€ IREGhatbOt0 the feeds
i sobutyl ene. HO solutions were prepared I1n either

et K§HIE dhp slesrgse di theaua]]l Bl gities s wpeftpdgaseblgs! wd shown in
(Algpich, 99% pure) into the condensed liquid at |ow
tenperature. The concentration of the HO in these

or OBFSY Soi BF SPECHEY delneririenedd By 15t Aweamer feed for Run

titgati on, {GNRLAURSH TaBieth %}%’%Hpénﬁgﬁ&?{)ﬁ\ﬁ 04 alcohol is
di l uent conposition referred to as the I'end” is a

50/ 50vidtd wtTahicXt dioethefpolyBazaieds metumfSerichd,drandé, the methyl
[ 00 I ' i.on rfar

i raforie SOS Ak RSB RCKPL A h 2P Syl R BE L TR Bobve.
nonbinedesfcead wasn@r @pal@dy i affeativgl asemorvingetraks of methanol,
resery rene

ir_and conprised isobutylene, isop th .
o St Bl R uf RGPy SRR SR et R B Fupahdfonde.
cat Hley@hcdnaetibiias thrsepanmieitoin taaietiod pbloyide vezatetedmined
in a separate reseryoir.. The catal yst fee S :
o SBaT BB SHIRG (b dUECERE PR Coror eSS g
SICJ %;clgvgénagek G)S?:re @sel)mycdémd Adtd 0 t&lélll sontda@dn &tthysk @brPdRUNin
iC ride DC)..and optionally an organi c ox nat e,
The e Rpey FReTegh aphe e @*yrg?f%@ne_ '3k ELe TaHe b fThe
exafth@schiaRle Js& fok @Qﬁ%@ﬂies{“@, 4, i dnlialy WRNESed BedisiSion

al so prepared and charged into the . .

from liquid methyl chloride “treated with triethylaluminum. This procedure
removes adventitious methanol, dimethyl ether and acetone. Therefore, the
methyl chloride used for these runs did not contain any of these organic
oxygenates unless they were purposely added, as indicated in Table 1. HFC 134a

does not contain these organic oxygenates.



reactor for the purpose of starting the polynerization
run. The concentration of nmononmer in this initial

W@ b@sgestas 10 wt . % i sobutyl ene. |soprene was PCT/US2008/054581
al socharged to this initial nmononer feed at 2.8 nol %
relative to isobutylene. Al feeds were chilled to the
sane tenperature as the reactor using the chilled
hydr ocarbon bath of the gl ove box. Polynerizations in
met hyl chloride were conducted at a reactor
tenperature of about -95C 3C. Polynerizations in 134a
or the bl endTWelea—c@m@ﬂuate@ddtda)M@acm@rF&tednper ature

of ﬁﬂoiﬁiuueﬁﬁcw&ﬁ NEGHomEATE et neatish Film
POlsyE! | Za]E ! OMnnoEEie t egperat ﬁk% acttcr}zwej u‘%: v V\llg:c’, Ratio (mng
wered a fe

| W degr eesRi®© P Vol H A adidter enng
in tenperature bet ntihel bat h anc the re'ict Or | polymer)
cantent si34dhe cpol ynet.bzati dns |webe pedgun|byo 9.9

i ntetetng—the—cata —Hhe—catal-yst—How+raterv
cgnt 7 ol | ‘adto p?rzovi de’'tdr |a donstaht Wdiffefential 20

t gnper at pue petween| t heqr elact gr [ang the gbath {o 4.9
aghieve the target ppolynerlization tenperatyre for the

ryn.4 Opthladal | y20 t he tbfperat-ire of thel-bath Odas 6.0
| gwer-ed ‘ua'd'lla\ﬂ‘?‘;—m"ﬁcpu'yul' att+oy
terrpgerdt]ﬂ?né1 t ardet .| AddTti ong‘%f no orreri‘ eed Ofbr om t Aé

rgseg Voiglenyals i ot roduged intopt he geact Qs 6.5

a prnyi nat el y 10 mhutes after tthe reaction rnnm:nrpd
eVi den¢eterdy| t h¥d f of et on| of-2 priedifpi ft at-2d | pdymer 3.5
p l.ti%(,i eﬁeé’lb ur Ly par Egbl S) 0 The [ um WS (,UIIBi nueu'87
until the noponer fleedin |the reservojr was exhausted
or| untillmédel demi red asount ©f nonener foeed was 6.8
cd . nerallyi er—conversionin
t Hed8 qLM%Clwas Pet tler 1o-han 75% ind0 at| t¢tes d< high2ds
95% 001231 At the end of the run, the contents of
the reactor were enptied and the polynmer filmon the

vvaIR_rcﬁe_rthé_Mésse! bel ow t he vapor-liquid interface
0637 €Ct ey gef-'@s% 1@[@%%@@[ ahedhic IQE &Qﬁeaé el al@0hol
poI[yrrer produce dur i ng run was S0 coll

dr i elditarndn Wes glhmcdnerA‘eefdi wher ts]nbneoarmsygehaes adtled uh #Hicechtalyst

for i di ng t he b )
of #6110 P b RSt RSty 2o g 2R P
t otiadpraroi 013 mcﬁl%pwitly mspecprooldmhme}denenaﬂdhhe evep@'emmntner feed
The fi.l e bel o hvethe
of i I EF g I oT et st GEULLE] Ty S Rl
exadiabe to ﬁhB rceaBst febd)@naviey ageundfof afat bﬁy’s’g&ha@ as a mol% of the
pol yneri.zati ons conduct ed th the correspondi ng
Gi | FARE 150" SHEHHITE ol R apie $efide Heed bRl merizations
Conﬁ@rﬁrfe@tﬂy%%lng-rﬁﬁ@ gaihouloRlfa RYIBEAIBdRNREBbed 88 el @high
and average wall film
was not completely effectlve at removing traces of methanol, dimethyl ether and
acetone that are adventitiously present in the methyl chloride. The values
determined by GC for these organic oxygenates were used to calculate the total
concentration of these components in the final feed blend. The concentration of

the alcohol and other oxygenates listed in Table 2 is the steady state concentration

in the reactor that results from their addition to the reactor.



rati o were cal cul ated as a sinple average for the
total nunmber of runs conducted at that condition.

WO 0®s21857Ter ns used in Tables 1 and 2 and Fi g. PRI/HSM08/054581

defined as foll ows: MeOH = nethanol; DMVE = dinet hyl
ether; Et20 = diethyl ether; DI PE =diisopropyl ether;
MEK = nethyl ethyl ketone; 134a =

1,1,1,2-tetrafl uoroet hane; Mgl = nethyl chloride;

Bl end = 50/50 wt/wt m xture of 134a and Med; IB =

I sobutyl ene. Run Series 1-10 [00125] Run Series 1-10
sholallh2 -éhygetatopdded talMatmieraddiGatalpst iFeedsHPilportdieard)
feed where there are no oxygenates present in the
catal yst feed. Run Series 1, 2, 4 and 8 did not
contain added organic_oxygenates and are conparative

Run ¢\ 5 %{gﬁngéﬁdégd . Oxyzenate Coucenrrytion i Beastor (wppm) Film

Serien rrg" F.EE nt L Ctalys isclosure and de Rt Ung
¢ haT el 2Bt | o @go&ﬁ or Yet d By gelisitned £60¢ hRIHFCE AWK | fme
results [n a deanggge in thg wall filmratiol as

11 T EPOpLEd[ T, Jable 1 and shoym L,n [Frg, —2.—{ POL2QT The 2.1
content of Isobutylene used |in the nondner feed fior

12 Run Seriesedoto 100i s [provi ded.2in Tabl € 181 Theo 0 3.4
epreentration—-of any—added alcohoel s —providedin

B3 Tabl'831. | P&t he pol yneriZat|i drs |[i n*Run Sries?s,|5° 37

14 and o> the Rt Nyl (gl grigde was dni ed, by pgssing the, 5.1
gas through a desiccant bed |as descri bed above. The

15 desil@éant WRE not lcon'pl efely| eff ective |at OremOBng 0 7.6
+ anaoc ~F ot 4 Al ot byl ot Iha and lanaot ~
L aAltToS U TS U1 IIUI ul IICLIIyI CLITCT Al [AdvtT 1l U IC LI(J.L

16 wer e’ adventtti ous!! y pres%?}t i Nt he et hyl %chl ofi de. *® 39

ThergOsGROI7-29 1 ons of these conponents in the nethyl
chl ori de were determ ned by gas chromatography (GC).
Thel008les dBrePRiitiddS BY! Bralioys aiehesatcd LEERS téat the methanol

OXYig @i &S hARERe Hl%eet@ thcab <€ edtifstddd®r 1'tlfétn?l'(l)nomer feed. There
concentration of these conponents in the final feed

bl eif@ssertirdly tnot edfectosny e Alm gatgobenthe andtlsnol i npf added) vianthe
Tabrlngnoqner]ggg met hyl chloride used for Run Series 6, 8,
9 and 10 was collected by distillation fromliquid

met 89129t hi or Adlepatents ané gatoittahplicaiiens higstareprilyremtsuchiris ASTM
pr o [

ot ragi O TR RAHEECL A HS, AR B b Hrrence o
f orth¢ kewet sushsdighil@urgots rmorimcahsnstanywnif tlt1hd$elomrgand dor all

oxy enat es unl F} e wer e ﬁur ose a
i nofPis ctlgns o Wi esurh I]ﬁ&l@mfg 1 1 permltYed d%%eﬂ nRerical lower

11m1ts and numerical upper limits are listed herein, ranges from any lower limit to
any upper limit are contemplated.

[00130] While the illustrative embodiments of the disclosure 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 disclosure. 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
disclosure, including all features which would be treated as equivalents thereof by

those skilled in the art to which the disclosure pertains.




does not contain these organi c oxygenates. Run Series

11-16 [00127] Run Series 11-16 listed in Table 2 show
wo b@saifsert of an al cohol additive in the nonoPEF/USM’1054581

when there are oxygenates added in the catal yst feed.

For these runs, the nononer feed contained 20 wt %

i sobutyl ene and isoprene at 2.8 nol%wth respect to

i sobutyl ene, and the average4grononer feed rate is

listed in Table 2. Table 2 also identifies the

oxygenate that was purposely added to the catal yst

f eedLAEMS t he anount of that oxygenate as a nol % of

t he ggtbﬁm%ngt catalyst feed. The methyl chloride

used fTor these polynerizations was dried by passing

t hel.gas A hretwdho dedese polambr bepdsitien de s@ciobed faalroines slurry

whi ch was, not. qonpl@tek¥ ef.f.ective at renoving traces

of nethéﬁé??”ﬁ?ﬁ%f%@?me HBY'did acetone that are

advent i t i ouskyppprigs entmdnomtiheeddetahy | a alatabrsi deed Theform a

val ues determ ned Q§PGC for these %rganiq oxygenat es

were used to cal cRAIYPEFHY PEIUP LOREBRCFati on of

t hese conponeuppsying) ah hecohbinel tHeepslydteaton Ti@ium in a feed
concentration of the al cohol and ot her oxygenates
listed in Tabl e 2sP¥aefiomsihesdiylyddeede concentration in
the reactor that results fromtheir addition to the
reactor. Table 2 - Oxygenate Added to Mononer and

Catdl ystThrawied ofrlpine ?rtWIBFeé‘h@lY alghpl 8y freng 1 474 gagbon atoms.
[00128] Run Series 3, 5 and 15 above are repeated
except that the nmethanol is added at the sane rate to

t he3-cat dihygrcthaskeef cliinst ead. shericinethamsaBlyet fepd dafrecTplerdsed
is essenidglly no effect on the filmratio when the

met hanol 1s not added via the nononer feed. [00129]

Al patents and patent applications, test procedures
(such as AST e t it .
horGi n a8 T TR et aitag 055 SREHTRIN e ihrises a
ext ent Sesst dpsc bpswight dfshavobndnme deed ibsfoerticing oy nidnized.

di scl osure and for all jurisdictions in which such
incorporation is permtted. Wen nunerical |ower

i nd.ts amdnietireerdf amy onepetaithd rkd 4 velfeesin ihs adhdieb@prises an
ranges from a Lower lim.t to any uppes. |im r .
cont enpI PRt CHeEFIori T SReTn Hekr gy v by Bl weigh
enbodi netie rdnotbefedd.scl osure have been described with
particularity, it will be understood that various

other nodifications will be apparent to and can be

reagli |y ThRdgt S@gontkiflclBes i1 Mot @urdeF cohpril@il adding the

alcohol to the monomer feed.

7. The method of any one of claims 1 to 6, further comprising adding the
alcohol to the reaction medium in a separate feed without monomer or

catalyst.

8. The method of any one of claims 1 to 7, further comprising supplying one
or more oxygenate(s), selected from ethers and ketones having from 1 to

12 carbon atoms, to the polymerization medium.



departing fromthe spirit and scope of the disclosure.
Accordingly, it is not intended that the scope of the
w@k@Bssssappended hereto be linmted to the exanptBES208054581
descriptions set forth herein but rather that the
cl ai rs be construed as enconpassing all the features
of patentable novelty which reside in the present
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 is
d a.ned Ths : mghodAofrelehn @, tvdiertar sad ue polnyere roxglgqatss thaoan
on react f ' - ' I: St em
corpr; s esB TG b o8 s e BEER RGN pRY RS
feed to forma polynerization mediumin the reactor;
suppy yi an_.al.cohpl to the | ynerization ium L.n .a
7 ool Lo e uRuB R & e b TR Gt b BN TS e
cl ai m 1,to Whéeedeorehdegobineoliglosiias. from 1 to 4 carbon
atons. 3. The nethod of claim1 or 2, wherein the
catal yst feed is free of added al cohol. 4. The nethod
of ANy ome nfthodl Aichlm X, vlerdin thh8icCdrmdrb ©x@le6QNO) is supplied
conpri ses a}l | east 2 wppm by wei ght of the nononer
feed befdhdhoeit gt Fslyneri zed. 5. The nethod of any
one of clains 1 to 4, wherein the al cohol conprises an
amount effective to reduce film deposition ug to 30
wpph? by ThetastheterfrEY he theladndnior 11 ewbereig thejgatalyst feed
met hod  QfhmBAYs BREoGhore ILak WBicill(sh SndPone oW oREhitGRARY | Si NG
addi ng the al cohol to the nononer feed. 7. The nethod
of any one of clains 1 to 6, further conprising adding
t heqal I h t Lum.in.a ate- :
W thout ameol o LERE) LENAEAN L el oS Rap Bl GRE i
of cl ai redepertdontl; seflegtedhisom glergrougicegsigimgpifywater, @nkeydorgen
nor e oxygenate legt r et h . an -
navi ng. FRo ¢ tiyiE a8 apbRIelP i@ ! SROALGE. an
pol ymer iakatoelpa pieilumpBlynthie hakdeh @dewfrychlaylnhaBide, a tertiary

wherei n a?a%q hglli]c%, g gertri?ryr/ glk}glxéé ?,na%tegfgryhaarak}%nester, a tertiary alkyl
ether, a tertiary aralkyl ether, an alkyl halide, an aryl halide, an alkylaryl
halide or an arylalkylacid halide.

14. The method of any one of claims 1 to 13, wherein the catalyst further

comprises a weakly-coordinating anion.

15. The method of any one of claims 1 to 14, wherein the monomer feed

comprises one or more monomer(s) and a diluent.

16. The method of any one of claims 1 to 15, wherein the one or more
monomer(s) is independently selected from the group consisting of olefins,
alpha-olefins, disubstituted olefins, isoolefins, conjugated dienes, non-

conjugated dienes, styrenics, substituted styrenics, and vinyl ethers.

17. The method of any one of claims 1 to 16, wherein the one or more



anount up to 10 wppm by total weight of the

pol yneri zati on nedium 10. The nethod of claim8,
woL@Be1857T he one or nore oxygenate(s) is effeckCES1008/054581

further decrease pol ynmer deposition. 11. The nethod of

claim8, wherein the one or nore oxygenate(s) is

supplied with the catalyst feed. 12. The nethod of any

one of clains 1 to 11, wherein the catal yst feed

conprises one or nore Lewi s acid(s) and one or nore

initiator(s). 13. The nmethod of claim 12, wherein the

one or momemirid)t isatmlepaEyleitly paektple fivantlioy gywmpeeteidting of

fromth up..Consi st i v ydr lJ

a car boxg e JeFERRUSLIRE Bt Bl FRHAGDR! ke

sul f oni dlivagiloknzar, diisoplopénylb@nyzne iedbutydenp,ol-ynethyl-t-butene, 3-

halide, a_tertiar | kvl - halide, .a tertjiary aralk

nai 1 de. TR S dehPR Rplsh; bR, agimeny -

ester, dYertidiarcy Blpkighe, etnetenca 6 edinaaliy-fdvalek yhexadiene,

et her, an al kyl . halide, an aryl  halide, an alkylar

hal | de GYAGREHIENS RS SV HORER RS HRSH oo U SEV piher.

any one eyl Ghgli stffer, lantl @0B:dyl W@ ek the catal yst

further conprises a weakly-coordinating anion. 15. The

nmet hod of any one of clains 1 to 14, wherein the

monrer MheedcHemRri 388 PNewRdrciiDhe RBANRIpIkesdRtlog@nated

di luent. 16. The nmethod of any one of clains 1 to 15,

wher ei n WA©cEh or nore mononer(s) is i ndependent |y

selected fromthe group consisting of olefins,

al pha-ol efins, disubstituted olefins, isoolefins,

conjUugatldd metheresf clagn clonjwigesite theddidigals comprisee g 1 more

substit ' d vinyl ethers. 17. The

met hod % ﬁgﬁé£%ﬁe %%ﬁng?ns 1 to 16, wherein the one

or norenononer(s) is independently selected fromthe

ar C | . . - Tvr .

parar ooy T Rge Ghink | S 80Rw RERALH R KRR chiorde

di vi nyl benzene, diisopropenyl benzene, isobutylene,

2-net hyl.s | - but ene : t hyl - 1- hut ene .

2 vk hy s BRELRE i oy e e fEhecomrsen op chgyore
1, 3 - buthadioBin@pcddbg( NERARC sy cene,

6, 6-di net hyl - ful vene, hexadi ene, cycl opent adi ene,

nmet hyl cycl opent adi ene, piperyl ene, nethyl vinyl

et hey, athbylethodnyflclagh Derwheadifl tHeSmb wt Yoreviiyydfluetddgbon(s) is

represented by the formula: C,HyF, wherein x is an integer from 1 to 40

and y and z are integers of one or more.

23. The method of claim 15, wherein the diluent is independently selected
from the group consisting of fluoromethane, difluoromethane,
trifluoromethane, 1,1-difluorocthane, 1,1,1-trifluorocthane, 1,1,1,2-

Eaa s |

tetrafluorocthane, and mixtures thereof.

24, The method of any one of claims 1 to 23, wherein the reactor is
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



W@ ks 18537

18. The nmethod of claim 15, wherein the dil uent
conpri ses hal ogenat ed hydrocarbon. 19. The net hod of

chl ori nated hydrocarbon(s). 20. The nethod of claim
15, wherein the diluent conprises nethyl chloride. 21.
The nmethod of claim 15, wherein the diluent conprises
one or nore hydrofluorocarboms) (HFC s). 22. The

nmet hod of claim 21, wherein the one or nore

hydr of | uorocarbon(s) is represented by the fornul a:
CxHyFz wherdiigerated loilarg-pavl sgetor.from 1 to 40 and y and

z are integers of one or nore. 23. The nethod of claim
15, wherein the diluent is independently selected from
t he2gr oUjhe cetivid 9f kmgonsfof tlainor lotwettheheein film forms in the reactor
dlfluoronethan onet ha dlfluoroethane

0
1,1, 1- trl? roé%ﬁgfﬁno ef”fr§0?PgYmg#Pud?0ethane and
n1xtures thereof 24. The method of any one of clains
mhereln the reactor Jis endently sel ected
Tr ot ¢ I POIGHS! W RRG G oS ET PR GHEP PR ot 11 od
g ank re&é‘do%rmgaim)'l}u&rfsiuﬁv/flfolﬁﬂtﬁé Bacto@ MOV ngbblelt or
rum react or nozzl e reactor, a ul ar
r eact or SCRATAEE @R ak@aogﬂ%lp dilugnd framAbg RAYWPF| Sg’é’?"at ed
boi | i ng'r&(?/@im tﬁ@ @ated ARuend RAKEBLAGHr@éedaing one of
clains 1 to erein filmforns in the reactor at a

ratio ofad%gw@a@h%t@ﬂlmwgmﬁ@ﬁeﬂb of pol yner formed.

26. The nmethod of any one of claims 1 to 25, further
conprising: recovering a polymer slurry fromthe

re '&orTmséﬁﬂwdpfﬂ@ma%3@Mﬁ@h@ﬁmﬁ§ﬁﬁ di luent fromthe

pol ymer n?dnl['t&rﬂg al%ﬁ’i%yéé)!n'teﬂglnttﬁleemﬁco o?eteﬁda ql luent to the

nonomner ng the a to the nononer
feed. 27AdjuTing mtertd‘dherﬁlccchbhadmt@@ to thsrrmdfr@mect‘m@tq gintrgk the

noni toring akn%ﬁl?c?re? gl? c%nté (_1)1]‘[{1] 1815}?#}9&(% ed'a ?? gesu@(pfével

adjusting a ra ongto
nmononer feed to control the noni tored al cohol content

in ié'Ie m)gll(frrllyeIr)olymenza%il 10n sys%mSICOrn%jns&n%vel '

a reactor adapted to polymerize a polymerization medium comprising a
halogenated hydrocarbon diluent, one or more monomer(s) and a
catalyst comprising one or more Lewis acid(s) and one or more
initiator(s);

a line adapted to supply catalyst to the reactor;

a line adapted to supply monomer to the reactor separately from the
catalyst line; and

a line adapted to add alcohol to the reactor separately from the catalyst

line.

29. The slurry polymerization system of claim 28, wherein the reactor

comprises a butyl reactor.

30. The slurry polymerization system of claim 28 or 29, further comprising:

means for determining a total alcohol supply rate to the reactor; and

wherein the diluent conprises one oPCTUSM08/054581



28. A slurry polynerization system conprising: a
reactor adapted to polynerize a polynerization nmedi um
W@ ovpnissing a hal ogenat ed hydrocar bon di | uent , PORESIIN8/054581
nore nononer(s) and a catal yst conprising one or nore
Lewi s acid(s) and one or nore initiator(s); a line
adapted to supply catalyst to the reactor; a line
adapted to supply nononer to44 he reactor separately
fromthe catalyst line; and a |line adapted to add
al cohol to the reactor separately fromthe catal yst
line. 29meaFhérsidinsting pabty méralcoheli aiditemsd evptanf agbtal atcohol
28, wherein ses a butyl reactor. 30.
The slurry p%ﬂ% 1?%%% ?%%gggg?en1of claim 28 or 29,
further conpr|3|ng means for detern1n|ng a total
al cpghol up rea
adj %st i n%l H“‘ﬁtpé?yn%mi‘“o“%fte Ad a{“( 8“e nfdcqel gugr%o g‘)’t‘%l%e“fm
aIcohoItﬁy@@ﬂmlmﬂnenaheamdesmnﬁﬂmbmxmﬁsuﬁmyhﬂ%e slurry
pol yneri zati on system of any one of clainms 28 to 30,
wherein the al cohol addition line feeds into the
moner el polpReriaddon Fagers |ofirdlaimP3y, WiRkdiZ alld @dans for
system of clajm 30, mh%feln t he ne%ns for determ ning
a total JSICEBHEE 2deiplAIsPhPLIuBPYY 4t elhy BAEPHTOTRBRTAL Lragd One
at Ieas@n@ﬁgm@amgﬁm}@n@mﬁﬂﬁhazer or a flowreter. 33.
The slurry polynerization systemof any one of clains
28 to 32, further conprising a diluent recovery | oop
Lo yecovige sgfrllymmérfz%nas@st%ﬁlf (quﬁg)tong P Rlale24 RASS Finther
purify the dil'uent and recycle al cohol -1 ean diluent to
t he noncrEprigypp| dilupntrrecovery. logpdo geogrerydilyentytiem janaefflegpt
system [
conpri Sgiong h?rrgggfb? #\gtﬁf‘%ﬁ dgﬁl 'P%ﬂ%k&b%"&lcéq%i? RUE G udnPRPthe
pol ymer imapmensupplstliam of cl ai m 30, wherein the means
for adjusting a rate of al cohol addition to obtain a
total al cohol supply rate at a desired | evel conprises
at 3deastThonduny palynairvgionr swtdl @y donmt B8] médierein the diluent

recovery loop comprises a fractionation unit.

35. The slurry polymerization system of claim 30, wherein the means for
adjusting a rate of alcohol addition to obtain a total alcohol supply rate at a

desired level comprises at least one of a valve or a flow controller.



