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medi um RD OF THE | NVENTI ON [ 00021 Isoolefin S e pr epar ed
in carbocationic polynerization processes. O special inportance is butyl
rubber which is a copolyner of isobutylene with a small anount of

i soprene. Butyl rubber is nmade by |lo tenperature cationic polynerization
that generally requires that the isobutylene have a purity of >99.5 wt %
and the isoprene have a purity of >98.0 wt%to prepare high nol ecul ar

wei ght butyl rubber. [OOOSQIETHE)DC@NbMMRWHUSHmkyHEH zation of isobutylene
and its copolynerizatiq oprene is nmechanistically
complex. See, e.g., Ogahr 4 ' T+ON, Morrison and Boyd,
Prentice-Hall, 1084- 1085 Engl evvood Cllffs New Jersey 1992, and K

Mat yj aszewski EEB B 1@%31 8&ymar|zat|ons Mar cel Dekker, Inc., New
York, 1996. ically conposed of two corrponents an

initiator andd#llew s TaeiddclofExanpices 2 ofw blewy solpwérgstionmudihedendl Cl, and BF; .
Exanpl es of 1l ak dsfewrah*a@@m%wygéﬁﬁghme@ﬁ%p%ﬁum%ué&eﬁﬁlwmw (wherein
R is an al kyl %roup d . Durin yneri zation process, in what
is generally ¥ fthq Testion Bedi&mt he i nitiation st ep, isobutylene reacts with
the Lewis acid/initiator pair to produce a carbeniumion. Follow ng,

addi ti onal mononer un| ts add to the forrred carbeniumion in what is
general | y calBdteRQUNDGE SYINHON These steps typically take place in
af ?I I uenth OL[O@QI vent 150$@ﬂpqab@hlufbea,re giehatantn @ﬂioﬁitiohijt pomnﬁ’:ﬁtjlﬁlt elr: ons
affect the chem stry rapagat i on. 0041 | Str ra
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~“have a purity of >99.5 wt% and the isoprene have a purity of >98.0 wt% to

| .prepare high molecular weight butyl rubber.
| [0003] The carbocationic polymerization of isobutylene and its
copoiynqe1'izati011 with comonomers like isoprene is mechanistically complex.
See, e.g., Organic Chemistry, SiXTH EDITION, Morrison and Boyd, Prentice-Hall,
1084-1085, Englewood Cliffs, New Jersey 1992, and K. Matyjaszewski, ed,

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

typically composed of two components: an initiator and a Lewis acid. Examples
of Lewis acids include AICH and BF;. Examples of initiators include Branstcd
acids such as HCI, RCOOH (wherein R is an alkyl group), and H,O. DBuring 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 shury
polymerization process (to produce butyl mbber, polyisobutylene, etc.) in the

diluent methyl chloride. Typically, the polymerization process extensively uses




met hyl chloride at |ow tenperatures, generally lower than -90C, as the
diluent for the reaction mxture. Methyl chloride is enployed for a

vari ety of reasons, including that it dissolves the nononers and al um num
chlori de‘f@E&M&gﬂbut not the polyner product. Met hX"CTﬁEE(RJ[EUjO:ﬂg ;21 so has
suitabl e Treezing and boiling points to permt, respectively, |ow
tenperature polynerization and effective separation fromthe polyner and
unreacted nononers. The slurry polynerization process in nethyl chloride
offers a nunber of additional advantages in that a polynmer concentration
of approximately 26%to 37% by volunme in the reaction mxture can be
achi eved, as opposed to the concentration of only about 8%to 12%in

sol uti on pol vl Zidbrideat loAnengeeepisagheraltyabatriteal-§0°C owiheiddoamsiory of t he
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st ar - br anchede pernyl, respebtbesty. 0@ @B§ratsvie\panerizatie pil ffeetivg seppdier of probl ens

associ ated w Jﬁlﬁigs?lyr?ﬁleaxmr{:a%éa tRRorhdks. n&te*aml-lywka&%z%n fi@kssexanpl e, there

can be a tendency of" pol ymer particles 1h the reactor to aggl onerate
with each ot Hegthyisllotide efis @ctumpar of pddiosalcrdypntsgss fo thab atpobyghst er

surfaces, | M@hdefifidd of APebxiBeIRO6%ab 9% DY/ RHIR (8 )he redtish hilo@e OF
aggl onerati on |1 ncreases rapi d%Iy as reaction ten’gﬁ; ature rises.
Ed " dlit on all
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surfaces theyut@Ntp@Gineriaueh asnr eaepile debBoRar géw | vinesity as wel | as any
heat transfer len%ﬁi @rrent bei n@ .used Eﬂﬁ renmoyve tﬂ% 1exo_t hterm' c.heat of

pol ymeri zat i GHIYTGRFEHT f&ss & PRtpiped) snabiings e o\Gak 8hBEYREHECY Ea8ti on

condi tions nushovkee mat rtfadtindd. by[ O0RE&] héwnakdbengepr Shirg mohseoeitiated Wi t h
slurry polynerizati.on i.s, the. . tendenc f e ) form or deposit on
the reactor surfaces. . %(éﬂorrrlg%ﬁ‘eeruS{%olf%ﬁg)l'%/dtﬁgfm?} g#%agﬁogélﬁgr‘%l position
occurs when toebispoltylensrand Grobrsylelierispteny bon! wbler pelpmet.qolynenfaiors, and is

referred to Nefeiias and sakﬂhgﬁpgﬂeﬁé, QM aar bIRRRI b QRobel ©  di Stingui sh
fromthe aggloneration and collection of "sticky" polyner particles from

the slurry, VPIO8h is Hemerqeticon prpargimbens! ribleiprarsogsed ordrdei on,

) part! C! e agelyprBsabl et chigG @E?E;?aﬁﬂpiéﬂthere'%%é @Ec—ﬁdéﬁ_ﬁy pomymer film
deposition on the reactor surfaces s %eneral %%ﬁ&rﬁgﬁortl onal to the rate

of pol yneri z@PPBR: PARFET &k Se\gac0 eieg 18577 PETR b8t on

the reactor wall, heat transfer surfaces, impeller(s), and the agitator(s)/pump(s).
The rate of agglomeration increases rapidly as reaction temperature rises.
Agglomerated particles tend to adhere to and grow and plate-out on all surfaces
they contact, such as reactor discharge lines, as well as any heat transfer
equipment being used to remove the exothermic heat of pelymerization, which is
critical since low temperature reaction conditions must be maintained.

{6000] 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
irom the sharry, which is referred to herein as “polymer agglomeration,” “particle

kE]

agglomeration” or “agglomeration.” The rate of polymer film deposition on the

reactor surfaces is generally proportional to the rate of polymerization, whereas




3 particle aggl oneration depends nore on the characteristics of the slurry,
flow conditions, particle adhesion, etc. [0007] The commercial reactors
typically used to nmake these rubbers are well m xed vessels of greater
than 10 i.fers in volume with a high circulati vided by a
punp irrpgfqg)%/h 72 pol ynmeri zati on and the punp both %@’#@?"tﬁg"’ﬁﬁgm and, in
order to keep the slurry cold, the reaction systemneeds to have the
ability to renove the heat. An exanple of such a continuous flow stirred
tank reactor ("CFSTR') is found in U S Patent No. 5,417,930, incorporated
by reference, hereinafter referred to in general as a "reactor" or "butyl
reactor.” [0008] In butyl reactors, slurry is circulated through tubes of
a heat exchaagek a@gioﬂelmmipdepMi; Ingord on kicngpaetibyskienel e stubre, 8dwel | si de

provi des cool in NG aﬁl yrry tenmperature bei ng determ ned by the boiling
et hyl ene tenpél a%ouT@ TRETPEYTT ed heat flux and the overall resistance to
heat transfer00gh t he Tt vemyersikidegctort typicklyatcekohwdn gese sbirfsaees

progressi vel y, ﬁ%%Me%El?oP eV ifan 1@}0 d;*aet‘ﬁeré)}é voﬁ&gkv%*%gh cﬁ)dﬁ A3y deposi ti on,

i nhibiting heat trans 'Ch Wou to cause urry t enperature
to rise. The itesioyidehdy & @umeampctllwan%emOb'anrliﬁéorrmmﬂ tl@rwpbbgmh observi ng
inlet and outylglad ﬁeraps{dawr@er% tdprengss A wlneachibP¥stle.Rfo t he cool ant,

and taken as an indication of the extent of polymer accunul ati on. Wen t he
heat transf é‘?"erté%‘i@ﬂé%ém@"reéli*ﬁ hset yrieerarale o bt GoBtUSYs AMestifedt transfer

surfaces be%m&cwcmirmqs de‘ﬁ[ﬁd HEBGL Ohterit Nt 34€N9MUInc@poried by Cce for
cl eaning. The subj ect , of U& accurml ation has been addressed in

several pat eftfeepEfcrringtory Fﬁ%lt“&’ﬂlcm Rp2 “eackps 1org iyl re3cer” pat ent . No.

2, 548, 415, U[@OSPat entn Nﬁtyl 250644, SRAY .is avemer throvkh ases p)atael’ﬁas have

unsat i sfact or | é ressed the n.?/i.ri ad of probl ﬁ@’ﬁ. asso. wth film
deposi tion ofH: 'égter ¥ A RYTR I PP Sy g ﬁr%i WRAET RSV cscfgg "Fed comerci al
process. [ 00@¢]sl@lyitaeseatPabeng déppined &t itterbolog cB@BAFhrAyre, Rbkb| | C
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i sool efin pol cationic rrerlza onin V\/mcha
homopol yner i zlat hem @@mugwowrfa@ﬁ mb@Flwels106¢Cemulﬁten9¢imr§1thﬂ1 by -

copol yner i Zafag%&n&ﬁ%tdr QAbbolthi &l 1 RiRG HRNAABES which wB&let&de@Qads@ a
chl or ohydr ocarbon diluent using a Lewms acid as the prinmer, to  which

reaction systlstiym epesiiyvgtedicgenducesigdrnt dpesis ey gnoangerd & as car boxyl i c
aci d esters, oglcR@loSnlekal ONRSemPHLIRIFSEYEQNE e Abw MKy hSddbshd t ut ed

styrenes. The
and taken as an indication of the extent of polymer accumulation. When the heat
transfer resistance from polymer accumulation on the heat transfer surfaces
becomes excessive, the reactor is taken out of service for cleaning. The subject of
polymer accumulation has been addressed in several patents (such as U.S. Patent
No. 2,534,698, U.S. Patent No. 2,548,415, U.S. Patent No. 2,644,809). However,
these patents have unsatisfactorily addressed the myriad of problems associated
with film deposition on heat transfer surfaces for implementing a desired
commercial process.

[0009] Chinese Patent Application No. 01134710.4, Public Disclosure No.
CN 14172344, discloses a2 method for the preparation of isoolefin polymers or
copolymers by cationic polymerization in which a homopolymerization reaction
of C4-C7 1so0lefin monomers or a copolymerization reaction with other monomers
is performed in a chiorohydrocarbon diluent using a Lewis acid as the primer, to
which reaction system it is suggested to add such dispersing agents as carboxylic

acid esters, ethers, ketones, amines, styrenes or alkyl substituted styrenes. The




WD 2008/ 118577 PCT/ US2008/ 054581 4 di spersing aids are said to | ower the
viscosity of the polynerization systemand to nake the dispersion of the
i nsol ubl e pol yner granules nore uniformin the diluent. The reference

cl ai s t eaction tenperature bel ow -20C, a st L spersed

pol yner s éf@%ﬁ%ﬁﬁ be obt ai ned, the problem of heat ﬁ%ﬁﬁ%%%?ﬂﬁ%ﬁ‘nass
transfer can be effectively |nproved t he di spersing agent that has been
added can be easily obtained, and, at the sane tinme, a narrower nol ecul ar
wei ght distribution (MAD) of the polyner is obtained. However, there is no
di scl osure of any specific co-initiator for the Lews acid, and sone of
the all eged dispersing aids are known conononers. 10010]

Hydr of | uor oc acﬁ@@xrsﬁlg aldE&ee sald mrlewahmlaéﬁ@ of Mabolamaistidnrsgadrh yndrsed  as

envi ronment al | ndI ﬁ r%$% Qecause he hav a ve g | ow (even
zero) ozone I 836'% f]]e e P T EwW 52 eﬁ ITDOH] %‘ tential is

t hought to beliuemel Meadfeteﬁcetdlmm thetkat mfeaafmilmmﬂmmmxémmmHEGPCS aafllp typically
have |l ow fla icu 0 roca bons and

Chi or i nat ed yRPaELA BN Yelgecett B piyR%, B8 BRBIG ol HLC LR e
polynerlzathamnﬁysmmhedﬁkmenhnmﬁ@?emeﬂmbgnngmganmthMEdnﬂdapwoﬁes?ef
reactors and sy, SC e follow ng
comonty assi Siad? Saehiftad FlTR: e SR 6B @580 ableh oz
Vw2004058829(NUEDDOﬂGﬁlﬁmmwrHN@@@@@OlH@&@mTU@@OGBIO@?&ﬁwBUSZQES107536
US2006079655; 4. 422090084, ZPmT He%%@&@cp%’o&%%e oHﬁggQﬁéuO&%Qﬁmo aidd,$)S20061 1 1

522. [00111 02/ 34794 di scloses a free radical "polynerirzation process
usi ng hydr of {n0Gk SERMPBHE. O her background references include DE 100 61

727 A, WO  02HH9p964, c@ﬂé@é&@lﬁﬂa H—ﬂTCEB) 2R &kalNthat e Bidfen gsed U.S. Pat ent
No. 5,527,870, and U. No. 3,470, 143, '[:rgOlZ Finding alternative

bl ends of di |&nEmgally fH?“IdUéFlfflg%iﬁﬁﬁ bepspes they PV M BV &b B SSEY zat i on
met hods and Sc)tsﬂeGi@Ieﬁdthiotéﬁﬁﬂl ArhEie oh+e 8zch hmdﬁep@&bﬁtimm th@@htrieaet or surfaces

bt e A R T R e

process par anetteulsrly ﬁsombdiptnemmshydmt:arb@mmmdndnmaamGijxd)oeaWohmoHFC ssacrificing

broduct | Vi LYILD QUQRRH o Hiblosch " A7 bbb R LS il sRL el ar
polymenza‘uon media, processes, reactors and systems that can employ HFC’s are

disclosed in the following commonly assigned patent references:
CWO02004058827;, WO2004058828;  WO2004058829; WQ2004067577,
WO2006011868; US2005101751; . US2005107536; US2006079655;
US2006084770; TUS2006094847; US2006100398; and TIS2006111522.

[0011] WO 02/34794 discloses a free radical polymerization process using
hydrofluorocarbons. Other background references include DE 100 61 727 A, WO
02/096964, WO 00/04061, U.S. Patent No. 5,624,878, U.S. Patent No. 5,527,870,
and U.S. Patent No. 3,470,143,

[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.




WD 2008/ 118577 PCT/ US2008/ 054581 5 SUMMVARY OF THE | NVENTI ON [0013] This
di scl osure provides polynerization systens and processes using an al cohol
via a feed separate fromthe catalyst feed to produce polynmers wth a
reduced pption rate on t he reactor surfaces di scl osure
rel ates ﬁ’k‘ggar?&?fsgpect to a method to decrease pol yrrep[rcqgjjsg(]c?g/?q?%n on

reactor surfaces in a slurry polynerization system The nethod can include
the step of supplying a nononer feed and a catalyst feed to forma

pol yneri zation nmediumin the reactor..According to an enbodi nent of the

di scl osure, filmdeposition can be i n?n bited by supplying an al cohol to the
pol yneri zation nmediumin a non-catal yst feed, e.g. a nononer feed. [0015]

I n one enbodiMAR}heFal}mMEN:HmMave froml to 4 carbon atons. In

anot her errbo' t the.al cohol is al.cohol ke up at

| east 2 or gh ts pgrrhlS &Fﬁlosme f(rov %’yy memflo{] S(%ngsngndoﬁl%fﬁ%ggmnoner f eed
before bei nglbinglaynbohoi&ddi[cémst:ﬁ}ratb ﬁomrth@ndfmm fredto mbowhodlyoen be added to
the nononer {lea AR %{m f e a.Leduce filmdeposition,
preferably up t T arg%fcgh Bl %e% %Ah%?su? Ceﬁe nononer feed before being
pol yrmeri zed, [P#din 2 tdfhzsodlvmme r@lates fmcm Bsieet oz viggpwd P rilearise her

embodi ment,, ﬁ%nfé%é’p’oé&ﬁ&n &?%Qct&asﬁlﬁ?c%s H §§1tu pol?xqgfzgtuﬁ’a' &abal 1hE0017] I'n

anot her embodi Hent t hod can i nclude supplying tdo the polynerization
medi um i n -an BGEen uﬁluﬂ%thietemb%p@ymg@tr%ﬂnov&%lutgqﬂanéﬁ celest g1y mer i zat i on

nmedi um one OrgPs ﬁ)lﬁﬁmizgml%eemmg@n@tr@etsa ARErdRXYoaRahe(isnibh@dt s not a
Bronsted acid, for oﬁiﬂz oxy enat%ib(“%3 el ected from gt herﬁ ket ones and
al dehydes havliss KGsye d‘fp(i“ﬁ‘?’ £y Bon? Y RPIEBEEn Al8di Welits, the one

or nore oxygqmgzhe(xﬁahmca@dnbﬁuﬁa‘lfoﬁ&taﬂawe féed, g e tdesmad@edease pol yner
deposition. | t her .enbodi nents, oxygenat e(s)
conpri ses | eslgmt5 an 5 " {5p Cﬁbg& Gt gvx%mp%flgavfcr}‘?)ﬁ'e tOolcarﬁ%nraf%%su on medi um
The one or noBnenotiex ygeniataef 31): alcall imeneshnpqﬂl lechlcwhdﬂhalt mﬁmtaaleyﬁst feed.
[0018] The ¢ | i Wl one or nore
initiator(s) azt@ yggméjngqu? ﬁ)?%) Bﬂ%e%%te%%g%%%ﬂe?l}lo?lt&l&lgrt%érd(&J)%i?:an be
|ndependentI}be@en?@laltﬂeet’e@romthe group consisting of water, a hydrogen

hal i de, a ) ~_[0010] In an embodiment alcohol can be added to the monomer stream In

an amount effective to reduce film deposition, preferably up to 30 wppm by total
weight of the monomer feed before being polymerized, from 2 to 20 wppm, or
from 5 to 10 wppm. In another embodiment, the catalyst feed can be free of
added alcohol.

[0017] Tn anothcr.embodiment, the method can include supplying to the
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 Brensted acid, for example, oxygenate(s) sclected 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 deposttion. 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 hahde, a sulfonic acid, an alcohol, a phenol, a




carboxylic acid, a carboxylic acid halide, a sulfonic acid, an al cohol, a
phenol, a WD 2008/ 118577 PCT/ US2008/ 054581 6 polyneric halide, a tertlary
al kyl halide, a tertiary aralkyl halide, a tertiary alkyl ester, a

tertiaryvﬁ%%#§%kyﬁster a tertiary alkyl ether, a terk&ﬂﬁﬁm@ﬁqL yI et her,
al'l

an al kyl an aryl halide, an al kyl aryl hallde or"an ary aIkyIaC|d
hal i de. I n another enbodinent, the catalyst can be free of alcohol. The
catal yst can further include a weakly-coordinating anion. 10019] In an
enbodi nent, the nononer feed includessone or nore nononer(s) and a

di luent. The one or nore nononer(s) can be independently selected fromthe
group consisting of olefins, alpha-olefins, disubstituted ol efins,

isoolefins, qmn@mgahﬂﬂcdimnmsﬁmqomaﬂan@MQBWQdmdﬂmﬂe&”a&nynembﬁs
SUbStI tUt ed % ]yr ?e%acsaralﬁﬂdstglj Q}/]‘tla t hky gt er gag'tala tmogli‘l [:i§' t he one or

nor e nDnoner(s can b e gro con5|st|ng of
styrene, pardmmalmywytvﬂ@n@nabahaﬂhdﬁhyt@twwbﬁahmémﬂhardm@mwwlstyrene

di Vi ny! Denzeng ol 3 ORE OREAYLRORE0GidoRAPHILEOR oy TR ihal DUt ene,

3- et hyl - | - but ene, 2- pent ene, 1soprené, butadi ene,
2, 3- d|nethylJ@M§¥ﬁWﬂédﬂ@EemmB-plnene nyrcene, 6, 6-dinetbyl-ful vene,

hexadi ene, CY§h19pent ad eReymiTRIN, hEWohORENERNIRMRIes RLOSE Whgae, net hyl
vinyl ether, ethyl vinyl ether, and isobutyl vinyl ether. [00201 The

di | uent can BROMATEAD GG ASMIBAL FEO8E AF BISI, meoger(Q1rp by dersadenting/ or

fluorinated nyl%w:mnb%&mubr&o&uang,emainmmlaiomﬁnsduisuﬁmnc@emaﬁa ses net hyl
chloride. In anohher enbo nent, the dllugnaﬁconprlses e

or
hydrofluorocd?BB ?%)“Tﬁﬁ%? yliensgy, cfoppearuge &Sy Sprdkent 8m:§dthe f or nul a:
C, HVF wher ei niyxenics, aaa vinplt @iges Th meithel elhbbdﬁrﬁbnalﬂdr ope analoz namemér(y) eger s of one

or more. In Ot ri)erllgﬁ:ep d%ntpﬁs%cctcd flom [](‘IFI,: ciug cansvg]mb ofr 8%10? ytp%a6 or froml

to 3. The oné or epende Sel ected from
t he group c@ﬁshyumngmnﬁmﬁﬂnMWcm&ﬂﬂhmmwﬂwﬂﬂﬁhwommmﬁbhaﬂea trifl uoronethane,

1,1- difluor %E%?Oggﬂfﬁ%"% % ¥85|Juft)hélllgr 9% ?’bu%nel ?;I'gl%ﬂl% Olt ﬁ@%lleugr oet hane, and

m xtures there ent "can conpri rom vol ume % HFC
based upon t heethyi-giaitengolitpmsnadf butdend Rdehmethyfd e -pedicds. | brefencean furt her

i nclude a haliﬂg&ﬂ@t eQS6 N Cfﬁlﬁfgfan Oﬁeligcﬁenrehancﬁgentécd%ﬁe exéhlml met hyl

chloride. The 'diluent can a i ncl ude a hydrocarbon, ‘a non- reactlve
ol efi n and/ Orcyg?peptﬁ@fate glaglquleh st wigyl cther, cthyl vinyl cther, and isobutyl

vinyl ether.

[0020] The diluent can be a halogenated hydrocarbon, e.g. chlorinated
and/or fluorinated hydrocarbons. In one embodiment the diluent comprises
methy? chloride. TIn another embodiment, the diluent comprises one or more
hydrofluorocarbon(s) (HFC’s). The HFC’s can be represented by the formula:
C,H,F, wherein x is an integer from 1 to 40 and y and z are integers of one or
more. In other embodiments, x is from 1 to 10, from 1 to 6, or trom 1 to 3. The
one or HFC’s can be, for example, independently selected from the group
consigting  of  fluoromethane,  difluoromethane,  triflucromethane, 1,1-
difluoroethane, 1,1,1-trifluoroethane, 1,1,1,2-tetrafluorocthane, 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 -35°C.

[0021] The reactor can be independently selected from the group




enbodi ment, the diluent can have a dielectric constant greater than 40 at
-85C. 10021] The reactor can be independently selected fromthe group WO
2008/ 118577 PCT[ US2008/ 054581 7 consisting of a continuous flow stirred
tank rea ug flow reactor, a noving belt or ajet or
nozzl e ré’g(g%m?ﬁlsg;tubul ar reactor, a batch reactor, gﬂfgﬂ@éﬂo L
autorefrigerated boiling-pool reactor. [0022] In one enbodinent, filmcan
formin the reactor at a ratio of 10 ngy filmor |ess per g of polyner
formed, and in other enbodinents, 8, 6, 4, 3, or 2 ng filmor less per ¢
of polymer formed. [00231 In a further enbodinent, the nethod can include
recovering a polyner slurry fromthe reactor, separating an al cohol -1 ean
di l uent from dohﬁtin@@feycrmﬁmﬁ)hsmwystinreewmdaﬁq,‘abuag S&pwaatbed nﬂbivingent to the

nononer feed, n.an

enod ment . 1 IORE R &R LT aR TR R BRPCRBYE: 8o ganat es. 1
an enbodi neptap atlﬂqefrdgctawerbmhsgpaﬂamtmn can include distillation, e.g.
sinpl e distiljhgb)on Orngﬁ(etén?o% it RiSdah If%r@ltlfl 89 yeakt a%]rauo%f?d‘mﬁnb"d' ment,

t he al cohol can e ad e nbnonmer feed by determning al cohol

content in atfilimeakss pyneolrfolymive foomed, eprd lmﬁh@d@e@(nsr)tb dard4. sontmpl ling a rate

of the al cohq{lmq,gggstd PRof DR R desired al cohol level. The desired
| evel can be adj ust 5 as necessary to decrease pol yner deposition on the

reactor surfd@®&SI [0028]* Mrbrherbodistsele theomethoflectti Belrdsisre/eEzh2 provi de a

slurry pol ynRlvinzakiugd s uRMehdis] b%hﬂa&loaal{ 8RR Icaf QML FoRTma
pol ymeri zati on medi um conpri Si ng hal Oﬂenat ed hydrocarbon diluent, one or

nor e nonorrer(ljé’i}'”ﬁht]“‘éy r??éi‘flﬁ‘lgﬁ%ctbc%ﬁfijr?h@f: go B engpmerdeed prhgddingci d(s) and
one or nore it ilédbon (s moﬁﬂﬂﬁl feB@l ym&ﬂ‘dnibaﬁlhﬁﬂ Blyﬁtlﬁﬂt Spfraftavana line to
supply cat al yst Lo the r noner.to the reactor

L P
separately frBmMEHE" 4t § ?/%yta“’ta 1“ ﬁ%&méoc'l"?‘%’g LE%X%}HH | SRFEBRG Lo the
react or separiathele disfillaoins, tel’geSlmﬂlk?aisyMwlh mreetrachvecamﬂemnod| ment, the reactor

can be a but yhyseact o, f 00261, L0 an,eahad] BPDked s, Shury, palyrer i zati on

system can i means erm ni ng supply rate to
t he reactor, be.dgtermiang|atpphdtcententon aahasam)aft yfzélp ongeumesalesl(f)ond adj usting a

rate of al cohgh.agidi @b YAl ALEGIR) oorfdokheNabiRPicha. @ ain a total
al cohol suppldy rate at a desired level, e.g., a
esired level can be adjusted as necessary 'to decrease polymel deposmon on the

reactor surfaces.

[0025] Another aspect of the disclosure can provide a slury
polymerization system including a reactor comprising 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). The
polymerization systemn can have a line to supply catalyst to the reactor, a line to
supply monomer to the reactor separately from the catalyst line, and a line to add
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
meonomer 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




controller or a valve. In an enbodi ment, the al cohol addition |ine can feed
into the nononer supply line. The al cohol analyzer can include an on-1line
anal yzer to sanple the nononmer supply line. In one enbodi nent, the system
can have 08/ 118577 PCT/ US2008/ 054581 8 dil ue ry. loop to
recover ﬁ?%ﬁfg?ﬂm an effluent fromthe reactor, p%&fr@%ﬁg/ﬁ%g% | uent and
recycl e al cohol -l1ean diluent to the nononer supply line. The diluent
purification can include distillation, c.g. sinple or extractive
distillation. DRAWNGS 100271 Fig. Lis a schematic flow diagramof a

pol yneri zati on system according to an enbodi nent of the disclosure. [00281
Fig. 2 is a bar graph conparing the filmdeposition rate for different

pol yneri zat i afiuay scers, bt o recader\iltidno fvm ad dE# a0 tpgenhatasor, pETAl LED

DESCRI PTI ON [00291 For, Cu(rjg%c%]so of this, disclosure and g.he ains thereto
the term cat'® yormrBfdro SR RdtRed TSy PaRFs Ry dt's) 18F ot her metal
conpl ex(es) uklecht pirdicgmh adnyindudchigtiboloy, ey simatcivorxtvftive distilbkied.i ni ¢ nononer s
of the disclosure, as well as at |east one initiator, and optionally other
m nor catal yst conponent(s). The termcatalyst feed refers to the feed(s)
to the pol ymd2BRAWEINGH nmedi um containing the Lewis acid(s) regardl ess of
whet her or nqpgie 'n!F‘ighe}tiQra(&erﬁéﬁg RN@E SR R Y Ry mSOIRRNGALS are added as
separate streanms_or with the nonomer f'eed. The term mononkr feed refers to
any stream f égordingtan prabodimgit ofithecisclopirgr i ndirectly that does not contain
Lewi s acid capmgyst OIFi@ L @Wh SaAGlagh CORpirRs M timalpbsitiohi @lOfor The term
pol ynmeri zation nmediumrefers to an adm xture of the catal yst, one or nore
pol yrer i zabl ' HERbRRAYPLYAUOR & SIS ah £nq HAOULHACH BLEM Y r om t he ni xture of
separate nmononer and catal yst feeds to the reactor. [00301 In one

enbodi nent, t i sl It ides a nethod to decrease polyner

deposi tion onﬁ%@@n@@@@i n a slurry polynerization system

conpri sing supbyi ng &or plrp@bobf the difvdosipolaydrelicl ddtnk olera@ dicutmanwi t h a nmonomner
feed. [00311 y tign ' [ i [t n nponent s
suitable to 5%?@%2%@30 A#%ﬁ%%?iﬁ#%ig?%ra?ﬁ%@ gg?tﬁe?réll%{ayfogﬂ)\?\eé(ﬁs)d 1\f'/lg(?hi n the
ability of theradyzsiclpbbaretizatiothes thy ¢lefmecmemarey of tiealbtiaiue, theelpr oduct i on of

a desired polyB®fkast Bue mitiator, and optionally dt__herrminor catalyst component(s). The

term catalyst feed refers to the feed(s) to the polymerization medium containing
the Lewis acid(s) regardiess of whether or not the initiator(s) and other catalyst
components are added as separate streams or with the monomer feed. The term
monomer feed refers to any stream fed to the reactor directly or indirectly that
does not contain Lewis acid catalyst or 2 Lewis acid complex with an initiator.
The term polymerization medium refers to an admixture of the catalyst, one or
more polymerizable monomer(s) and diluent that can result from the mixture of
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 shury 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




| i ght of process paraneters and conponent properties described herein.
There are nunerous pernutations of the polynerization process and
variations in the WO 2008/ 118577 PCT/ US2008/ 054581 9 polynerization

conmponen %%%diaple to produce the desired pol yner qk&&hgﬂbgaﬁﬂ

preferre fents, such pol ymers incl ude polyi sobutylene onDpoI nmers,
i sobut yl ene-i soprene (butyl rubber) copol yners, isobutylenc and para-

nmet hyl st yrene copol yners, and star-branched butyl rubber terpolyners.
[0032] Diluent neans a diluting or digsolving agent. Diluent is
specifically defined to include chemcals that can act as solvents for the
Lews Acid, other netal conplexes, initiators, nononers or other

addi tives. | motynerizqipacémmecod aviatkeldiogeddusaithe deditaé pdiyintreamtriberesy not al t er

the general qg‘t %Ee%‘e??emlgoq eln% {@ﬂ?oﬁ%ﬁe?s 1gclu<§e p% y%%!)%qg{elh%r%gpa?y%ege dium i.e.,

t he conponents s recogni zed
t hat i nt er actisobusleheispeen Kh@ﬂduﬁﬂ@ntcwaﬁﬂnweaoﬁémwhmnaymoa@ur I n

preferred emhpdi én%’coﬁoh}f}neﬁjé hAdQRE- bﬁﬂ&%dﬁ\ﬁ%ﬁl%%hgol%&@ the catalyst

conponent s, nnnoners etc. to any Eprec Additionally, the
term di | uent %2l udes Dﬁuszltfurné@bo% dting st dipsplyingr agp8k e Bilvgierits. [ 0033] A

reactor is ar%}fec%@ﬁyaﬂéfﬁé(( ) ink 1MWk 61a18 1B £ahs {RRRE KQNLOEGHES.  React or
surfaces include the walls of the reactor vessel that contact or can cone

into contact At [Ptheh &eBb CORRIFSeS R FRS N BGRWRATOPT Sher1ditives Retht as the
exposed surfaees &f mbeatiofuranss di[ueﬁtuhzf}aﬁ(ﬂse,ltela&h toahicpd] Saaﬁfbdéfoﬂhel mpel l er (s),
the outflow line or Hfﬁ%t Port and %ﬁ k]il wher e go ﬁécretlons can
form deposi t*BPofTF SPlymegEEyPed iy ¢ g@%@m? CQIVéF@ of dil uent
conpri si ng pahopnmers, did’laHmhéWle it lpﬁ@cglﬁneﬂ attae thtdractionstUeeveeti Hhdelilient NnoNoner s,

Lew s acid, an? itiator, oncentr t he vol une percent
of "the parti Al yebpit Bapbeed r BrAR - AERRERL B wBllal it 08 481 T T ora

vol unme of thGWQIﬂmrymmﬁ©0®ﬁ$mﬁswusmmom@&emn cheynemmﬂdﬁbemwng schene for

the Peri odic &é@?ﬂﬁﬂlﬁ%{%{é?ﬁ%ﬂ{ v 1}1@@9% rﬁ& 1eQ O%EMLE%!TOMG EERI NG NEWS,

63(5), 27 (1 nmer e used to refer to onDponners
copol yners, iWH@brpolthwgm1%@Wﬁ@ﬁ?ﬁ@ﬁ@ﬂl@b@haEWWEvﬂgéﬂmaO@Wﬁolyner may

refer to a PENIB surteREhLS RO wills ORSlad M ONRIBESact OPth@hal | Y Wi th ot her
monomers. Wiena polymer is referred to as conprising a nonomer, the

nononer is pride&pitagt F'i‘”‘ﬂl Hbe PRhynsyiRion; pedius ot *#BdS MSrs¥Peed t he monormer
or in the derinfatd sdedi@hR@futles, agitators and/or impeller(s), the outflow line or

exit port, and the like where polymer accretions can form, deposit or film over.
[0034] Shurry refers to a volume of diluent comprising polymers that have
precipitated from the diluent, monomers, Lewis acid, and initiator. The slury
concentration is the volume percent of the partially or completely precipitated
polymers based on the total volume of the slurry.

[8033] As used herein, the new numbering scheme for the Periodic Table
Groups are used as in CHEMICAL AND ENGINEFRING NEWS, 63(5), 27 (1985).
[0036] Polymer may be uéed to refer to homopolymers, copolymers,
interpolymers, terpolymers, ete. 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 understoad by one skilled in the

art, that the ionic form of the component can be the form that reacts with the




nmononer . Likew se, when catal yst conponents are described as conpri sing
neutral stable forns of the conponents, it is well understood by one
skilled in the art, that the ionic formof the conponent can be the form -
that rea he WO 2008/ 118577 PCTI US2008/ 05458 Qumers to

pr oduce §£§§%%é§;;300371 | soolefin refers to any oleﬁFﬁ%%%%%@gﬁgﬁaV|ng t wo
substitutions on the sane carbon. Multiolefin refers to any nononer having
two doubl e bonds. Elastonmer or elastomeric conposition, as used herein,
refers to any polymer or conpositiongof polymers consistent with the ASTM
D1566 definition. The ternms may be used i nterchangeably with the term
"rubber(s)", as used herein. [00381 Alkyl refers to a paraffinic

hydr ocar bon gﬁ@mpmmmdﬁmemmm&nmn;derived from an al kane by dr oppi ng one or
nor e hydroge omthe thyI gr oup
(CH3), or an'e %ﬂ/ gr oup ?&Ei]% Y OEFH mOh%'erme atgrgsSu Stémtéo Aydr ocar bon
group that fchasng caibng ymﬁw&ﬁun@bshamaon@mnsihwnﬁﬁwoam¢WHMm¢aconpounds
such as, for t.hr hr acene,

etc. and tyﬁ?%gﬁPL%bggggégggf?grﬁ%%ggdgaﬁvﬂgﬁ tQ ?Pﬁgggﬁgﬁatlon")
withinits stqowlewrroe of pelymgrsy fongipten pvith ghor Ay @léﬁw&md@r i Thederfg om an
aromatic COWRBHE@&Q%ﬁQ&%B&h&%g&H%m%&m“ﬁ%@a@%d&ﬂg§ﬂ§uﬁ{0”‘the formul a such
as, for exa n Substituted refers to repl acenent
of at |east @5hydro@éﬁ”@ﬁ%ﬁpmbypméﬁmWe focihen gIMR thidhemy $&1 ect ed from
for exanple, daamgm] 6:€ Bk el PeIrofpiRin8 & mofd mldo&% ﬁd?hli teOfdlin@), , am no,
nitro, sulfox¥ (sul fonat | fonat e alﬁilthlol and

hydroxy: al ky¥h ?tFﬁﬁéﬁﬁﬁbﬁlﬁﬁéﬁeﬁgﬁ%gﬁéiW‘ﬂ VWH ‘WpﬁSHiH{ dfbon at ons

mhlch |ncIudegynﬁﬁhykzlﬁmhyhbmpgmﬂyﬂmtt@ﬁgahmgmhmuméapﬁ@@yﬁmcfsobutyl

etc. alkoxy hed chain al ko?ﬁ%thacnc nmﬂ}o 20 carbon
OX

Stoms, and_ et SR sl A0 R SR e

OpPOXY, T sopropoxy,
but oxy, i sobtmlth)w@ne secaddgrioall pdsecsy plter@tet doalsly bcbldfmgxy pnsp@ratiyd oxy,

i sopentyl oxy,.,, hepyr, y ecyl oxy;
hal oal I ryl, %ﬁ% QéﬁgﬁgtggléLgﬁxPl%rgaéﬁgﬁ% ﬂ%&nﬁgﬁ%§ﬁﬁﬁg3?ng 1to 20
car bon atons<mhp@mdﬁ§*%@msmﬂmame@mmyhﬁh%$éaéwnGMEEHWdﬁ@géms @nd i ncl udes,

for exanple, {ﬁmgﬂpgﬁ%pybpcﬁﬂonnnethyI fluoronethyl, iodonethyl,
2- chl or oet hy br onbe , 2-fluoroethyl, 3- choropropyl 3- bronnpropyl

3-f 1 uor opr op>19039l4 chl &u%mewwfﬂatqueﬂaqe@sww leag Qg hegeB AP bY

at least one substituent selected from, for example, halogen (chlorine, bromine,
fluorine, or iodine), aming, nitro, sulfoxy (sulfonate or alkyl sulfonate), thiol,
alkylthiol, and hydroxy; alkyl, straight or branched chain having 1 to 20 carbon
atoms which includes methyl, ethyl, propyl, tert-butyl, 1sopropyl, isobutyl, etc.;
alkoxy, straight or branched chain alkoxy having 1 to 20 carbon atoms, and
includes, for example, methoxy, ethoxy, propoxy, 1sopropoxy, 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 carbonr atoms which is substituted by at least one
halogen, and includes, for example, chloromethyl, bromomethyl, tfluoromethyl,
iodomethyl, 2-chloreethyl, 2-bromoethyl, 2-fluoroethyl, 3-chloropropyl, 3-
bromopropyl, 3-fluoropropyl, 4-chlorobutyl, 4-fluorobutyl, dichloromethyl,
dibromonﬂethyl, diftucromethyl,  diiodomethyl,  2,2-dichloroethyl,  2,2-
dibromomethyl, 2,2-difluorcethyl, 3,3-dichloropropyi, 3.3-difluoropropyl, 4,4-
dichlorobutyl, 4 4-difluorobutyl, trichloromethyl, 4, 4-difluorobutyl,
trichloromethyl, tnfluoromethyl, 2,2 2-tnfluorcethyl,  2,3,3-trifluoropropyl,




di brononet hyl, difluoromethyl, diiodomethyl, 2,2-dichloroethyl, 2,2-

di brononet hyl , 2, 2-di fl uoroethyl, 3,3-dichloropropyl, 3,3-difluoropropyl,
4,4- dichlorobutyl, 4,4-difluorobutyl, trichloronethyl 4, 4-di fl uorobutyl,
trichlor fluoronmet hyl, 2,2, 2. trifluoroethy

2,3,3-tr$ﬁ%@r%€rﬁpyl VO 2008/ 118577 PCT[ US2008/ 054§'§fmsi°°8’°54°81
1,1,2,2-tetraf|uoroethy|, and 2, 2, 3, 3-tetrafl uoropropyl. Thus, for exanple,
a "substituted styrenic unit" i ncl udes p- met hyl st yrene, p-ethylstyrene,
etc. 10040] In one enbodinment, this dijsclosure relates to the use of an

al cohol in a nonomer feed diluent such as a hal ogenat ed hydrocar bon,

i ncluding chlorinated hydrocarbon(s), hydrofluorocarbon(s) or bl ends of
hydrofluorocakbbh@$¢ﬂmk®hwhwmﬁdtaﬁboa@ﬁwmqmdhmr'ﬂhboﬁhnammﬂqhydrocarbon(s),

to produce a‘SlH)(g! Mgﬁ E?I%L]E Luhi¥ i 11.1(1%!~| - k}othggtgl%n {J%H‘l&lsf'yfené Qﬁhf or ”?‘t ion of

pol ymer filmon surfa is disclosure
relates to tH@Mﬁi;e of lanna¢mhmcnt thaddigcloyeae rdﬁt%h@tmmmf@n afceled Wit h

chl orinated hydy ms&anfega ddﬂ@éhtt (P as Qyﬂalggew&r ggasa%n(hi'é@hngl | uent (s) or

HFC di l uent bl ends wth rocar bons or chlorinated hydrocar bon

bl ends, to pdhipfiaHidze bﬂhm%@ﬁﬁﬁyneﬁv%ém#§@6¢@ﬁﬂns orwi tHerdk ené$ and/ or

a'ky'Styreneﬁwh&ﬂﬁﬁ&ﬂuﬁﬁﬁjﬁﬁphﬁﬁ&ﬁwﬁﬂﬁpﬁﬁhyHﬁ&%m@@dwd@&ﬁ&hﬁﬂﬁéS with
significantly reduced reactor filmformation., Further, this disclosure

relates to t HECdye? Rlymg, slyrg &I‘itﬂl isJEiPtang & ﬁh%fofrﬂﬁloﬁﬁﬁweriﬁééﬁ?_ to

pol ylrrerl ze al’lehrc{ﬁﬁpﬂfaye:;sl’eMol@;;ah&@ﬁhﬁﬁhﬂ&sd&%stul& 1aat]§541631etu@e Aad1eeR] | Zogl efin
copol yners with significant ced ctor fj rmagion an ence

| onger run ﬁF@Ew?gP gﬁenpgﬁﬁ?oﬁﬁg guh ¢ QFSH]PHH%%ﬁvbﬁﬁﬁﬁﬁéﬁ syst ens.

[0041] In and@hﬁﬂmﬁmhmdnmﬁﬂw)dmhﬂ@abcmﬁm1maﬂdnﬂmMe“mﬁﬁwmemmBmd in a

nmononer feed t to obtain re ner, cunul ation on
the heat tr af.iHS fna ch olflql'{caahyd: g? gonqalcn lj toepo F)yrr?crlrzr% af ac%oq m.ﬁ 12%1 150016f§ % the inpel | er

and t hus obhawndkowgemﬂmudkﬂmﬁ@mﬂlw andtdee rsoelpfiro diomeprtlymarhendl coho

addi tive can c@ﬁ‘olﬁﬁé?? wifl] %ﬁ&ﬁ%gﬂ%uéﬁ%&o‘? At 1R rﬁﬁ'&éorﬂn?t hi gher

tenperatures to Pproduce reater run ths (such as
great er than<%%mﬁb®F%MﬂpWe$@W§bP9agﬁbéﬁé@d hggnin2he nBengy, %?é?erably

greater than 30.RQLS Snd MRESyRELE ek @iks INiRALRN! RadBc1qibRAn t han possi bl e
wi th ot her polynerlzatlon systens. 100421 1 n another enbodi nent the al cohol

addi ti ve can SBRPIREYWith Slgnlﬁﬁaﬁﬁb eshicqdarerptor dilm formatien axdrhenesr '98&8H boi | i ng- pool
react or wher eghe@toriis réRMBYRGompared to conventional systems.

[0041] In another embodiment, the alcohol additive can be used in a
monomer feed to a tubular reactor to obtain reduced polymer accumulation on the
heat transfer tubes and/or reduce polymer accumulation on the impeller and thus
obtain longer run life. In another embodiment, the alcohol additive can be used in
a monomer feed to a tubular reactor at higher temperatures to produce polymers at
much greater run lengths (such as greater than 15 hours, preferably greater than 20
hours, preferably greater than 30 hours, more preferably greater than 48 hours
than possible with other polymerization systems.

[0642] 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.
[9043] Tn 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




by evaporation of the diluent and nononers m xture to reduce filmformation
or deposition on the reactor wall and agitator/inpeller surfaces, anong

ot her things. [00431 In one enbodinent, this disclosure relates to the
dlscoverxyggmgﬁ 377po|ymsr|zat|on systens usi ng nnnonqk: %g&ﬂlL“ents

contai ning an alcohol. These diluents can effectively sso ve'th

sel ected catal yst and nononers but are it WD 2008/118577 PCT/ US2008/ 054581
12 relatively poor solvents for the polymer product. Polynerization
systens using these diluents are |ess prone to deposit polyner on the
reactor surfaces than polynerization systens using no al cohol additive or
an al cohol as a conponent solely in the catalyst feed. Mnoners and Pol e

[ 0044] Mononetistiwty lor miwﬂseforptﬁ&: yolemérzedtiuby Robingrigyiet eysanakinge any

hydr ocar bon qﬂggnﬁuengshg‘g les? PO?I X(gr% Ogl?glol?mgls g’letIh%C?m‘%lul%gl Oﬁ‘gﬂq e. Pr ef err ed
monomer s i ncl U r& of 0 ha- ol ‘611 ns substituted

ol ef i ns, |sqmbeknnﬁon@bﬂpﬁgﬂﬂgdodk@w%smmn@nw@mﬁkd@&@%@C@mﬁmeE, styrenics
and/ or substi s and vinyl ethers. The styrenic may be
substituted (%%Eﬁﬁgm?%ﬁ§ Rﬁ?th an alkyl, aryl, halide or al koxide group.

Preferably, tMenomsuapdPolypusains 2 to 20 carbon atoms, nore preferably 2
to 9, even ”Qb@mprefe@@&kﬁmé\ﬂﬂanﬁﬂkQB@néhﬂﬁ%yﬂnEﬁ%ﬂﬁhﬁﬁmﬁﬁmpreferred
ol efins include styrene, para-al kylstyrene, para- Ist¥rene

al pha- met hy| 1§i5oFabie mepopkr Wbé%ﬁ‘éﬂémzéﬁ‘? S3pe 6‘}5%3?%%%8@ errefl soput yl ene,
ﬁ meéI hyl -1 - buﬁ@lﬁﬁlcrs 3ncnmmﬁls 'O%Mdeﬂeleﬁlﬁ' aphNykfind; Pebk@ied oleSRPr ene,

ut adi ene, ut adi ene
060 i ot hy | RPTUEnEoN S T St it Brbe HBEPGIEHEY et hyl i nyl
et her, ethyl swirenyks andt tieyl,ethand The stp:tanit: yilay BE Bypktiteted @m ttmﬁhgt) héxhlah ke. Monomer
gg%o?i/rsrgr ls)errg_@( ala?ﬁltl%lpdc or ag(oxwo fghS)H% gr%%crabfm rllc mon%m&r (‘6) t%l%nbg% g{)) F;mal’ s
i ncl ude copokyﬂ@mgnmﬁImxwmehmbb2ts@chmaswsﬂyﬁéﬁ@y?t@&pabmeﬂwyistyrene,
al pha- net hyl t ef h opr,ene, butadi ene,
and the i ke%X&ﬁigfc%@}gﬁf%gr g eé:rrlsr egéh?rdﬁengl roc g% d] fyéér?g Iq;lrafreilcl ude 1)
i sobutyl ene aﬁﬂWb@ﬁﬁmnE@ﬁ@Wwﬁwyﬁéﬁ@mzyhvﬁﬁﬁﬂﬁyﬁeﬁ@@@Wﬁmw@@ﬁﬁ%he as well

as honopol ymggBuiQfend, S ORI SREne, § 9{3615111 Blctiel 3-2R@) L ¥penRiEiBpRY MONOMEr'S

include those that are
butad;ene 2,3-dimethyl-1,3-butadiene, B—pmene myrcene, 0,6-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 as monomers.
Preferred block copolymers include copolymers of styrenics, such as styrene,
para-methylstyrene, alpha-methylstyrene, and Cy to i diolefins, such as
isoprene, butadiene, and the like. Particularty preferred monomer combinations
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 Polvmerization of Olefins, A
Critical [nventory, 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 wi% to 0.01 wi% in one embodiment, alternatively 60




cationically polynerizable as described in Cationic Polynerization of
AQefins, A Critical Inventory, Joseph Kennedy, WIley Interseience, New
York 1975. Mononers include any nononer that is cationically

pol ymer i h as those nononers that are capaﬁJ é ilizing a
cation oi"@%%opagatl ng center because the nonomer co tcgtﬁ 0"2/85 lectron

donating group. [0046] The nononers may be present in the polynerization
mediumin an anount ranging from75 w%to 0.01 wt% in one enbodi nent,
alternatively 60 WO 2008/ 118577 PCT/ y$2008/ 054581 13 wt%to 0.1 w%
alternatively from40 wt%to 0.2 % alternatively 30 to 0.5 w'/o,
alternatively 20 wt%to 0.8 wt% alternatively and from15 wt%to | w% in
anot her enboditiento.1 v0Q4REmRivelyetamedo w)a)ycﬁmas.vti’/ormﬂtdmﬁﬁvdhpﬂmaod)yners of any

of the ITDI’IOITEI‘ ,af{r?naflve?nfdjwt {o%f{ls /Exl%%tlvcﬁ 1111d omrr%p“(?tl’/ytm?r "/I ncl ude

polylsobutylcne af a- ne tyrene i Soprené, po ys?yrene
pol yal pha- rretahyth@tcylbah@;m pol yvi nyl ethers (such as pol ynet hyl vi nyl et her,

ol yet hyl vi ny er ude
Copol ynar s ofbEe d Rt Bolfhun el LG ARINFEL Tl 3bBEL 01 ene and
i soprene. [ 00ugjioncd bmgnenti%fdmn%tofbmwpobmcyﬁm@darEﬂspwémimﬂd by reacting
a comononer ﬂ&]y}ﬁ&r%ﬁthyk@?cngﬂ bokisEprhiay Mﬁ%ﬁenlee%iya ﬂQm@ﬂlgbﬁe& 6 isool efin

nonomner corrponen such’as i sobut ene nmultiol e , Or conj ugat ed
di ene m)norrerpob’(‘f’(‘}WpfﬁfFFé%‘tS“ChT%ﬁQolygﬁ@V'éF‘VﬁﬂléfaHOIV?i%‘éWl‘?”éﬁﬂ» 78l $90°199. 5 wt % by

wei ght of th@réf&?eﬁ'polyﬁ@ﬂ@ﬁ@Hﬁfud%dﬁ)bl‘?ﬁl@sbﬂl)Q%Sut?l@MH AR Bkylstiie@m 85 to 99.5
w%or from92 to 5 w%in other enbodi nents. The conjugated diene

conponent i s Y @s@r’ﬁ“ylcﬂc PSP EB onoNer mi xture from30 to 0.5 W% in one
enbodi ment f[O(EB] 15 t 011 @:15 eib ddimer lixfy@ﬁﬁb@mbi@ dde Preydrdo by 1@:1&:11'1%{‘ aenbodi ment s.
The 4 to C6 iS00 . yI-I but ene,
3 methyl -1 - bt de TG o G RTEGRE F3ERtene. The
mul tiolefin Walylp(btentaucﬂilhb usobmﬁ'llé witb i} ugatwdeiol erenjsgack dase msmqmeene
but adi ene, t £ - B

. cgnr‘]lgdngrﬁ H‘¥1L 15001@&}3&%@%%%2%?%@%0 B) BERE bﬁr\r% e%%? &elhe t%ta&e enbodi ment

di met hyl - f ul v exadi ene, cyc i ene” and
of the: butyl cpubiverer podyerrong tmbdiemait, Swoddup 89 5 svttlr &Pmé’é thY9.F eacting 85 to

99.5  wt% of Jisahul BAGhGR, Mheldhidedtd M SAPKERS: pRlcrPY fi£2CTINg 95 to
99.5 wt % isobutylene with 5. .5 W% 1soprene 1n yet another
enbodi ment . comonomer mixture flom 30 to O 5 Wt% 111 one embodiment, from 15 to 0.5 wit%

or from 8 to 0.5 wt% in other embodiments. The C4 to Cg isoolefin may be one or
more of isobutene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene, and
4-methyl-1-pentene. The multiolefin may be a C, to Cy4 conjugated diene such as
isoprene, Dbutadiene, 2 3-dimethyl-13-butadiene, B-pinene, myrcene, 6,6-
dimethyl-fulvene, hexadiene, cyclopentadiene and piperylene. One embodiment
of the butyl rubber polymer of the disclosure is obtained by reacting &5 to 99.5
wi% of isobutylene with 15 to 0.5 wt% isoprene, or by reacting 95 to 99.5 wit%
isobutylene with 5.0 wi% 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,
isobutyleng, and paraalkyl styrene (preferably paramethyl styrene), polymers of
isobutylene cyclopentadiene and isoprene, polymers comprising cyclopentadiene,

isobutylene, and methyl cyclopentadiene, polymers comprising isobutylene,




[ 0049] This disclosure further relates to terpolyners and tetrapol yners
conpri sing any conbi nation of the nononers |isted above. Preferred
terpolynmers and tetrapol yners include polyners conprising isobutyl ene,

i soprene jxi.nyl benzene, polynmers conprising is | )
para-alIQ?@?%?@#%h(preferably par a- net hyl st yrene) aﬁ%ﬂﬁﬁ%ggg%%?polyners
conpri sing cycl opent adi ene, isobutylene, and paraal kyl styrene (preferably
par anmet hyl styrene), polyners of isobutylene cycl opentadi ene and isoprene,
pol ymers conprising cycl opentadi ene, ;4 sobutylene, and nethyl

cycl opent adi ene, pol yners conpri sing isobutyl ene, WO 2008/ 118577

PCT[ US2008/ 054581 14 paranetlryl styrene and cycl opent adi ene. Al cohol s and
Q her Oxygengiaeseih®Byhe Aldepdioentadiefeul in this disclosure is defined as a

hydr ocar bon ,Q%Mkﬁ%n@bmh9$§tm8%§ hydr oxi de group per nol ecul e. Al cohols
useful in the——nvnoner—ﬁeedgaccording to this disclosure include al cohols
havi ng from 108d] 12 cHErdiohugtubis, thisrdfcksabliy dbfimgmat 4 by@owdrbon at ons,

more prefer alainl 2Mal bR farfePR0uAbAMRoi AT S3BALENLNE BXAEP! es 1 ncl ude
met hanol , et hanol, propanol’, 2-_p_o§? ol, 5 et h propan-2-ol,
cycl ohexanol ,mepgarehigprzgecording éhidis. diselyerie insluges deqhpls bpying fiemgpdder f eed

accor di ng t0o &S als GrasHsie £bRGl 43S PRE B8, RorlBleRYILRNERP o 4
2, 6-di et hyl phenol ; p-chl orophenol; p-fl uorophenol ;

2.3, 4, 5, 6- perfPRPT a8MSp RENEEnativE faamRlph infleieyPraimehahenk proppwl. 2 gl ycol s and
pol yol s are alsandul habligropdnCof0dyslohexding 28l 68RAlkEANPRAoIS UREH | tut ed or
unsubstituted.]%0051l The al cohol Ls_g&gfsraﬁ}g &resent in the nmononer feed
in an anmount™ {HAOPECTdFASEIorYRR 1 G Yerliewe (7t BiesClor e RI6F mati on on t he
react or surf apesimetiglphanp picidroplentih g finnngEed]; T 2e6 owkidifatophdiel; al cohol . I n
one enbodi ment , ,the aLg@hPI_iﬁ.prcse?t i,n the UDPOHE{ f.eed in an amount of
at least 2 wipm By RelENE B PRE HEROHEH PPEey 588 d B g Yol yneri zed,
pr ef er abl y atThkelgitolssampgubstitifdder ensdorgigitadot appear to be any upper limt on

t he anount of[D@IFohol iqﬁzlgnglfw%){ﬁdisipqefel%gg prﬁfgg_rggr%g Elgoq?rﬁg}“&ed"%fh”t her benefit

in the reduction of f formation i i ne e use of an anount
above 30 wpprimgnd thaai gEectisgoustuee tharte oddie fosmitipn g fhe eqactorvarfaiel uent

charact eri st is¢gohfhrQFBheSthiidkl RABwitkuehelesthl" ANGRSBbdimBliCQbol are from 2
to 20 wopmor 5 to 10 wppm [0052% I n one enbodi ment, the polynerization
medi um can beleohol is present in the monomer Teed in an amount of at least 2 wppm by weight

of the monomer feed before being polymerized, preferably at least 5 wppm.
There does not appear to be any uppér Timit on the amount of alcohol employed in
the monomer feed, but no further benefit in the reduction of film formation is
obtained by the use of an amount above 30 wppm and larger amounts can
adversely affect the diluent characteristics in some situations. Preferred ranges of
alcohol are from 2 to 20 wppm or 5 to 10 wppm.

[0052] In one ecmbodiment, the polymerization medium can  be
substantially free of other oxygenates, such as initiator oxygenates or Brensted
acid oxygenates other than alcohols that can alter the effectivencss 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, ethers and
ketones. On the other hand, in some situations the presence of another nontonic
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




substantially free of other oxygenates, such as initiator oxygenates or
Bronsted acid oxygenates other than al cohols that can alter the

ef fectiveness of the alcohol to inhibit the polyner filmfromformng or
dep05|tlgg)gﬁl}@ g,.r eactor surfaces, i.e. less than %CWRB%%Q&HWﬁ'ght of the
mononer feed bBefore bei ng polynerlzed preferably less t m | n one
enbodi nent the polynerization nediumis also substantially free of

noni oni ¢ oxygenates such as al dehydes, ethers and ketones. On the other
hand, in sone situations the presencgsof another nonionic oxygenate,
preferably selected from al dehydes, ethers and/or ketones, especially

et hers and ketones, from1l or 2 wppm by wei ght of the nononer feed before |
WO 2008/11851%m§ﬁmﬁﬂazﬁ®8¢manﬂsé:mlﬁmbeﬁmgmﬂngﬁmhm%ﬂdnupmbﬁhﬁ, 10 or 20
wppm can fag; | i Egmnte Jrhe %elélef}]lé)lotfl a0 e?lf th éténrenofg nati a?“m The presence of
the ether and Kétone oxy enates a fhef ™ Concefitrations, omever, can
have a det ri remeetatiefst ewcvmesull havp g dpmmamtdll mifccterafslémg i at elcmbecfool ymer
filmng. Sui tﬁpbg)om?hﬁmﬁ%dsuh%&&ﬁés 3 VeDRY Sanl 2 r(%n%% th%afff bon  at ons,
preferably from on atons, nore pre era rom2 to 4 carbon
atons. Repr esmsapeieabimmpl &s8 i:%mnwd@hdinﬁ@tpmfﬁvra'éz Frem 2 taitertby? et her,
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[ 0053] SU|tabIe dil'uents in present disclosure include halogenated
hydrocarbonsEﬂ€§6€€P&FW¥W%ﬁW6#ﬁH§1@Hﬁaﬁﬂlor fluori nated hydrocarbons and
the like. Spagkdi C exanples |nclude but are not limted to the hal ogenated

ver si ons of ane, tane, neth t ane, i sohexane,
2-mathy|penta[ﬁ@(g §$ d Cgﬁé Hﬁ?ﬁylﬁﬁ?%ﬂ%xwgﬁgi Oﬁﬁﬁﬁ Y1 but ane,
2, 3- dinethylbymamﬂxmaeqmambymhaxaﬂﬁmdﬁrﬂmﬁhyhh@maﬁﬁbmﬁamimyhmﬁntane

2, 2-di et hyl pen pent.ane pent an
3, 3- dlnethyl% “”(hﬁgnl \lmﬂwgqhg%?anelnﬁnd“%ﬂml%“¥gﬁgﬁ ﬁmgm%oﬁethylhexane
2, 24, -t ri net lpydppentsalingne qettare methglptcupeytar it demne, ZemétarigentaneBhane, nonane,
decane, o A nsAHe AR BEEANC » MLy SOENARAGY CLOPT opane.
cycl obut ane, ent ane ﬁetﬁ [cy c tane yl cycopent ane,
cis 1,2-di rretﬂwywﬂlymﬂ@pehtnathéhexmean§-eﬂly@ﬂﬂ@iieneﬁ Wrwwmp@m apé; .
trans-1, 3-di raﬁﬁéawl&mw@@raﬁmmpe%htyh@)ﬁ%@g@g&%@ 2 m&hphgxane,

met hyl cycl ohexane, benzene, toluene, Xylene, ortho-xyl'ene, para-
ethylhexane, 2,5-dimethylhexane, 2,24, -trimethylpentane, octane, heptane, butane,

ethane, methane, nonane, decane, dodecane, undecane, hexane, methyl
cyclohexane, cyclopropane, cyclobutane, cyclopentane, methyleyclopentane, 1,1-
dimethylcycopentane, cis 1,2-dimethylcyclopentane, trans-1,2-
dimethylcyclopentane, trans-1,3-dimethylcyclopentane, ethylcyclopentane,
cyclohexane, methylcyclohexane, benzene, toluene, xylene, ortho-xylene, para-
xylene, and meta-xylene, preferably the chlorinated versions of the above, more
preferably fluerinated versions of all of the above. Brominaied versions of the
above are also useful. Specific examples include, methyl chloride, methylene
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.




xyl ene, and neta-xylene, preferably the chlorinated versions of the above,
nore preferably fluorinated versions of all of the above. Brom nated
versions of the above are also useful. Specific exanples include, nethyl

chl ori de, chloride, ethyl chloride, propyl, but yl
chl ori deW (fﬂglro ormand the |ike. [0054] Hydrofl uor ggmsg@h@%ggn be used

as diluents in the present disclosure, alone or in conbination with other
hydr of | uorocarbons or in conbination with other diluents. For purposes of
this disclosure and the clains therggo, hydrofluorocarbons ("HFC s" or
"HFC') are defined to be saturated or unsaturated conpounds consi sting
essentially of hydrogen, carbon and fluorine, provided that at |east one
carbon, at | €8835] one hydesgesmadidheats, theai;@ntmoaprﬁsicutnydrcvibloapfequs esent. | WO

2008/ 118577 PCELUSEOH 0545R4. 10 EO0TGL! 2 £ShLaR, oo gemy s, the

di | uent conpr uor ocarboné " represente for rruI a: CXHYFZ
wherein x is cétnmiitmehfgfmm T tooi®y pltepngtivedy, frog lt‘@r?ﬁa%tlicwﬂl\gﬁlyfﬁ‘mﬂ 1t 30,

al ternativel Yaltrﬂ:lngmd% ﬂ'd?h 2Q, 6%1&1@15%?})‘ ¥&hy rZthémgtiQel}Qvom flf gy natively from
| to 6, alternatively from2 to 20 alternatively from3 to 10,

al t er nat i vel ylEmaiel fog o 6n@§%tprﬁfeéﬂﬁ3@rfam Ytof3s BASTED ¥ 8 UIiEREF n y and z are
integers andpaht k£Askt. one. [0056] In one embodinment, the diluent conprises

non- perfluorinated canpounds or the diluent is a non-perfluorinated
di I uent. Per fIP%8Fi nat B O€offpodinal dBh <8t GrmeEiH IR ARG TS i ne. However,
i n anot her erdapgoum@tor thyvhERerd hie dmloh@ﬂﬂu@ma@mucﬁmana pki@ostinatelie bl end may

G hent are b bty SRR Sy Alieleo rBPictin, boRelBn b L onponent o ar o
m scible wit hwltehnehed|dilmntom1sesde§manﬁ bthel biland froayt trewpride pailborefedw. | n anot her
enbodi nent, n o} sting of

! | uor Bm‘a’ pqrct‘gr%ﬁgatté?atahﬁggg%rﬁﬁhm i 1?%’1 nébé&g% EQR&&

chl ori ne, anot f when hi gher
wei ght aver agféaﬂem@edlql afpremyygiopgdt sonfivmgnty talgepm@allblengln ehg érfuenlhaﬁ 10, 000 M,

preferably ”ch%[rlt)&iafﬂ f%lQhnggall WKVOW ok %n (£ eﬁlﬁ@tﬁr&né’nt NS Giehﬂﬁa@y %QQ 000 Mw) are

desired, suitable diluents suc rof uor ocar bons have a dielectric
constant of gp@aw%ﬁlaoﬁ%%twp_ﬂzwldaﬁonsls@zgOf Cl}i‘?@ﬁeﬂ“ﬁbmjla@rc@‘&@’ér than 15, nore

preferably grigg7er than adQuer NRLBdiIRER! ®haDhiher Wr 8@k QUeridianoldRiar MOT €

preferably 40wc?gli]tsrr(g£vg) (tylp?cal?yrrgl%gel thz?nt ISO (\JA(SlP)eI\I;Ig Llei\"glleably maore than 50,000
Mw, more preferably more than 100,000 Mw) are desired, suitable diluents such
as hydrofluorocarbons have a dielectric constant of greater than 10 at -85°C,
preferably greater than 15, more preferably greater than 20, more preferably
greater than 25, more preferably 40 or more. In embodiments where lower
molecular weights (typicaily lower than 10,000 Mw, preferably less than 5,000
Mw, more preferably less than 3,000 Mw) are desired the dielectric constant may
be less 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 gp 18
determined from measurements of the capacitance of a parallel-plate capacitor
immersed in the diluent [measured vaiue Cp), in a reference fluid of known
dielectric constant g fmeasured value Cg], and in air (g5=1) [measurzd value Ca].
In each case the measured capacitance Cy is given by Cy= eCe+Cs, where g is the
dielectric constant of the fluid in which the capacitor 1s immersed, Ce 1s the cell
capacitance, and Cg is the stray capacitance. From these measurements gp is
given by the formula ep={({Cp-Ca) &r + (Cr-Cp))/(Cr-Ca).  Alternatively, a

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




nol ecul ar weights (typically lower than 10,000 Mv, preferably |ess than
5, 000 Mw, nore preferably less than 3,000 Mv) are desired the dielectric
constant may be less than 10, or by adding |larger anounts of initiator or

transfer n the dielectric constant is abov eI ectric
Vgi? (F’%e di'luent CDis %?65%?4

const ant determ ned from rreasur enen

capacitance of a parallel-plate capacitor imersed in the dil uent

[ mreasured value Co], in a reference fluid of known dielectric constant ER
[ measured value CR], and in air (FA-1) [nmeasured value CA]. |In each case

t he neasured capacitance Cmis given by Cn= aCc+Cs, where e is the
dielectric constant of the fluid in which the capacitor is imersed, Cc is
t he cell capaa;yi Heamglap namdre(Beldcgictchestant ofaljlugephcttya rsexakylamht hese

measur enents f b ge.for a.fn=
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Br ookhaven | nifoumertbnConpBatonassl C 870 VIO 2008/ 118577 PCT/ US2008/ 054581
17 b Lectri i di tly. As
may be “Sg[goséfenea%%%mdén% i t@ﬁté,%ﬁ?@lﬁ‘?&?@&%‘%iagequ%ﬁgg&ﬁblgdtlogc Y-

exanpl es, | ectric constant met hyl
chl ori de; 36.2 dugther diiuéiit o movtreeshrd niduentin $udlElditional @upats 1fcDd&81 | n ot her

embodi ment s, ;03B IDESH SoahQ URP At CORRIARKIL R lahinanct her

di l uent or m xtures of énts. Suita ddi tiona uents i ncl ude
hydrocarbonsﬁ$@§ﬁﬁt¢ﬁﬁﬂﬁmﬁéﬁ%ﬁ@§mﬁﬁédWébk%ﬁ%@?ﬁ%@@@@@ﬁﬁﬂwﬁfﬁ?ﬂrocarbons,
especi al | y chh@ribmatedechydrocarbons and the |ike. Specific exanples include
t hose nentloned above. [00591 |n, another enbodi pent, non-reactive ol efins
may be used d805%; | uer{tlsanptﬁﬂc@ﬁlrﬁ R O IFAE RV o PRIEE BIRY P8nted Sich as HFC s.

Exanpl es i nC|dﬂdﬁlis lbU(melﬁthn ROh oﬂltlrﬁilﬁ@ﬂ; shéh, as @IH0YY. anemplpy iopydecie, and t he
i ke. 10060] gp g gent d% IS used in conmbination with a
chl ori nat ed I?yed?’o 1811%10%’ YR %Op#ﬁ]fch% Ehl6ri de. Additional embodi ments

i ncl ude usi ngﬂllﬁlop HFC Ti rone cardbbdiakatp theWHFQ b axain és canbimeibinytithchl ori de and
- hexanes. %ﬂ{%ﬁnzﬁcd %% r(?cdallblggn&ucﬁ[ h metL#"ea{l(?nd%u%%dl?‘ ?na‘f‘ E%b%dl ri% used in

conblnatlon gases merizati on such as
car bon :di oxilgduyde msmgdgferfﬂFChyndcrOU@émtlonawgh)rhexan@Sow mhféjfll eqridk eyt on, xenon,

and/ or ot her peler t 19asesed Qﬂﬁodﬁﬁe‘ﬁt RELHRIAR! el 'aQLHEQT AleCbd Yo t 0 the
reactor. Preferred gases include carbon di oxide and/or nitrogen.
combination with one or more gases inert to the polymerization such as carbon

dioxide, nitrogen, hydrogen, argon, neon, helium, krypton, xenon, and/or other
inert gases that are preferably liquid at entry to the reactor. Preferred gases
include carbon dioxide and/or nitrogen.

[0061] In another embodiment the diluents, including HFC's, are used in
combination with one or more nitrated alkanes, including C; to Cyy nitrated linear,
cyclic or branched alkanes. Preferred nitrated alkanes include, but are not limited
to, nitromethane, nitroethane, nitropropane, nitrobutane, nitropentane,
nitrohexane, nitroheptane, nitrooctane, nitrodecane, nitrononane, nitrododecane,
nitroundecane,  nitrocyclomethane,  nitrocycloethane,  nitrocyclopropane,
nitrocyclobutaite, nitrocyclopentane, nitrocyclobexane,  nitrocycloheptane,
nitrocyclooctane,  nitrocyclodecane, nitrocyclononane,  nitrocyclododecane,
nitrocycloundecane, nitrobenzene, and the di- and tri- nitro versions of the above.
A preferred embodiment s HFC’s blended with nitromethane.

[6062] 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,




[ 00611 In another enbodi ment the diluents, including HFC s, are used in
conbination with one or nore nitrated a-canes, including C, to C40 nitrated
linear, «cyclic or branched al kanes. Preferred nitrated al kanes i ncl ude,

but are nELdkfldsed to, nitromethane, nitroethane, njtragrapane,

ni trobut ane, nitropentane, nitrohexane, nitroheptane, nitrooctane,

ni trodecane, nitrononane, nitrododecane, nitroundecane, nitrocycl onethane,
nitrocycl oet hane, nitrocycl opropane, nitrocycl obutane, nitrocycl opentane,
ni trocycl ohexane, nitrocycl oheptane, ;gnitrocyclooctane, nitrocyclodecane,

ni trocycl ononane, nitrocycl odndecane, nitrocycloundecane, nitrobenzene,
and the di- and hi- nitro versions of the above. A preferred enbodinent is
HFC s bl ende®5whe, RS e bhacsienc 4d@62 In Whrereredphmbyddent thetHHE di | uent, the
HFC is typic rese t rcgn n the total
vol unme of thgh%¥ﬁﬁ§%?sgkaﬁIg%ﬁh 1m%$@d%&@%%§gﬂ§0“§r&rﬁﬁfﬁﬂggﬁg, 10, 15, 20,
25, 30, 35, 4@m0¢5wm503H56ibﬁmwwéﬁhmvmcURSPCQGKﬁM[Nﬁﬁmswmﬁgﬁmﬂ

PCT/ US2008/ 08¢Bond a8, 1 9in3Rendi, 98,1 @Il unenpengant. |n a
preferred enbodi nent the one or nore chlorinated
hydrocarbons‘“Pﬁm%ﬁﬁb%@?n%mﬁﬂﬁ%ﬂ@EOfenbodlnent the HFC i s selected fromthe

group consi stipsg) of diih amn@rgﬁﬁamﬂ@m thd HilubhtURTRNBRE RANGe islselec@hf | UOTr Oet hane,
1,1, 1-tifluoroethane, and 1,1, - tetrafl uoroet hane and nlxtures t her eof .

10063] I n andidrupaniss de ety ’L“h‘ée APy BEht Cofei Aigan il & 1 sel ect ed
based upon i t®mlysel. U]I’lbﬂei’ré@’dilu&ﬁi hee p@lleymﬁfsohﬁﬂm}t At ghlnwens@uiake sol uble in

th I Pr ef d di t t I I inth
ool ynbr . Sol BT g vha ) Grbrive bebipecrByr 1B i AERE pol yrer i nto

a filmof thHEWWESﬂ)mheﬂmemmmﬁOmmmdﬂm@ﬂnMMGWmnemm@hanxﬁaahaﬁgﬂit in diluent
(enough to C%IEJI- h(t,vuII I7I5 5 TIwofﬂm 1bh9nu1?\§cd %IO]mO g ucEI‘| époacJTIto Borh emoved from

the diluent, 2ed*t 0°ro o] evaporate
excess dil uert@mifeﬂ'@m? fhre?Osaechde QyﬁpwmeXCﬁaSIdﬂveﬂarﬁ@w@r ghéde ofTthe mass upt ake

s defined aguhhg RRIAEN! AOEnLDGEORSCAlM] None bilaNaeliglo af her soaking. In

sone enbodi ments, the he diluent or uent mxture  Is chosen so that the
pol ymer has difrasiehigfienseakipg. Inseme qnipagimentatibe heilappiztiignt Pegwe t han 3 wt %

preferably | asgoldianng: p(elyrperrﬁiqearrﬂem abtéke%ﬁeishﬁam 431 (Hetcﬁgfy%sg preferably

| ess than O. 5 W% 100641 In a Pre erred embodi nent, | uent or dil uent
mxture is than 3 wt%, preferably less than 2 wi%, plefelably less than 1 wit%, more

preferabiy less than 0.5 wit%.

[0064] In a preferred embodiment, the diluent or diluemt mixture is
selected such that the difference between the measured glass transition
temperature Tg of the polymer with less than 0.1 wit% of any diluent, unreacted
monomers and additives is within 15°C of the Tg of the polymer measured after it
has been formed into a film of thickness between 50 and 100 microns, that has
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

Assionment of the Glass Transition, ASTM STP 1249, R. I. Seyler, Ed., American

Society for Testing and Materials, Philadelphia, 1994, pp. 17-31. The sample is
prepared as described above, scaled 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,




sel ected such that the difference between the neasured glass transition
tenperature Tg of the polyner with less than 0.1 w % of any dil uent,
unreacted nononers and additives is within 15C of the Tg of the pol yner
measur ed ' has been fornmed into a filmof thi e en 50 and
100 mcr o‘ﬁlfs)?&)t%/rllg%ﬂhas been soaked in diluent (enough to c@\?e?fs e film
for 4 hours at -75C. The glass transition tenperature is determ ned by
differential scanning calorinmetry (DSC). Techniques are well described in
the literature, for exanple, B. Windeglich, "The Nature of the d ass
Transition and its Determ nation by Thermal Analysis", in Assignnment of
the d ass Transition, ASTM STP 1249, R J. Seyler, Ed., Anerican Society
for Testing &g, ¥Wat &C &G 5°Phid, adekphioa *CkF0«h ofhpr. 17-31. The sanple is
prepared as >r i hed above, sealed inmmediately after soaking into a DSC
sanpl e pan, AR ntained at a tenperature below -80C until imedi ately
before the O8®3heasurlementicrrregbedinbityiha hevisTerid/Qlsoegeroid to hethdi | uent - fr ee
and diluent- gqakad. (QQEL'{X]?RSﬁﬁ?ﬁ@ang%tealsrbci%%%egfon RGN RhNEfoup BT £F er abl y
within I 1C, 10C, WD 2008/ 118577 PCT/ US2008/ 054581 19 9C, %C 7C, 6C, 5C,
4C, 3C, 2C, oFs ondflowhds Petieras Tablq efihesElgmmeng. [nolgdisg beran, #lugimier r ed

enbodi ment t h@nheWisiag, | GalidhS GirdoBiuBY B vhRdidS, LR6hic, CAriMBAY I AOr Or

catal yst) may be any Lewis acid based on netals from Goup 4, 5, 13, 14
and 15 of the oy -dﬁ}eékl‘\l%‘l'léhedw WiH decpgniqrdhit Lome; glraepg e e IS‘BF?,‘] ~al_um num
gal l'ium i ndiibmie grickiaNdftRd digdl6sGRNITH e Erhbbhdinval) adi Akl @k SeRiigwum, ant i nony, and

bismuth. One skilled in the grt will recogni that sone elenents are
better sui ted’(’lan’?ngfaﬂtémlﬁ?’a‘(‘f‘(ta] 3?@’“8?“1%18% 'S‘é%qlcoé[ﬁ?séf““’leﬁx%#ges di ment, the
met al s ar e alAigi:n(aRy) ABGY, g0 HiRd 1Al dnd NCeHE): AWCE:h BE], SaiChumrichei ngadesi rabl e.

[llustrative les dncl A K Al Cl2 (C2H5) 2AI ClI and
(C, H5) 3A1, le%’%@gf,ly ?181%1,0%:8%%&‘%% lba‘("?%léﬂlﬂ}‘“’%‘h ar aSf{dpr ef erred enbodi nent,
BF3 i s not tH886hosen Maswnlghapictrred 0066 deiffamay beibkar éfythese efedrlried Lewi s aci ds

may be any of..t e i n_e cati oni i Q0. hisqput yl ene
copol yners i ncétfl(ﬁl I ﬁjé)g%%%grtﬁo%u% l?grb:u@ﬁlgr P%Ep,gl%g{su@%\d&%ngt Q%I%}rl_g@npde,
et hyl al uni nuritigil@ide.o plugénme tEypaide nehpnmyesg dicklids | delabgeipky| al uni-num

chloride, netdyh@hibidenursdiytdi@nide, cndimb,hy hlhyriRms esaui.al, or i de,
di met hyl al um num chl ori de, baoron trifluoride, “titaniumtetrachloride, etc.

on trif | et
with et hyl al URRIRUHMER Serighlontliq digery e Bimimgh gpride. boron trifluoride,

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

[0067] Lewis acids such as methylaluminoxane (MAQ) and specifically
designed weakly coordinating Lewis acids such as B(CgFs)s are also suitable
Lewis acids within the context of the disclosure.

Initiator

[0068] Initiators useful in this disclosure are those initiators which are
capable of being complexed in a suttable diluent with the chosen Lewis acid to
yield a complex which rapidly reacts with the olefin thereby forming a
propagating polymer chain. THustrative examples include Brensted acids such as
H,O, HCl, RCOOH (wherein R is an alkyl group), alkyl halides, such as
(CH:RCCl, CgHsC(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.




sesqui chl oride being preferred. [00671 Lewi s acids such as
nmet hyl al um noxane (MAO and specifically designed weakly coordi nating
Lewi s acids such as B( 5F5)3 are also suitable Lewis acids within the

cont ext closure. Initiator 100681 Initiat nthis
di scl osu(re‘fé %O:ae ]g?f’g’se initiators which are capable o? E’gflé?l(’%/g%?#ﬁl exed in a

suitable diluent with the chosen Lewis acid to vyield a conplex which
rapidly reacts with the olefin thereby formng a propagating pol yner
chain. Illustrative exanples include,grensted acids such as H2O HC,
RCOCH (wherein R is an al kyl group), alkyl halides, such as (CH3)3CC1,
CoHS5C(CH3) 2C1 and (2-Chloro-2,4,4-trinethyl pentane). Mire recently,

transi ti on ngo@9] conpliexesemisdoteng shenedcalr |aod érnestarchrotibenntmlich nmateri al s

that can act 42 0P \vaggrl %&gstat.n%alﬁraﬁ‘e%l# Svta%‘ xs%gﬁfr{ed%‘ilem{’?ag ﬁ%p}é %g with weakly

coordi nating Lew S™aci €en ‘use t0|n|t|ate
i sobut yl ene pobywed wzight drihe Qﬁ@h@ﬂﬂ&fmﬂsmb PETLUS2D08/ 08458 1ess 20 10069] I n

one enbodi Menf,, {(h@/pﬁr?a&ref%{:a ANflst gy %wﬁ%e@aﬁy%eg@sﬁmni lv@ago free of

wat er . Substantl ally water 1s de as |l ess tha wppm ( based
upon total weigysrerovhanhestes at whegisd ys apindiier. 4bks pdjcd 4@ the [galplysgo Wbpm

preferably | %?e%ent E@&té‘%aﬁ\@@%prprpeéfﬁﬁlﬁp%ﬁéahlzlm 4bR@PmOarnWRPMmA ef erably | ess
than I wppm = However, when water is selected as an Initiator, it is added

to the catal y&erally gaatershaad@ iprma{bagidamenion Height sHhGARsOpr ef er abl y gr eat er
than 40 wppmp@od evem HFlreQnecDélﬂjoﬁfnﬁblﬁ{ e QiR e@nﬁdaasrbnéel MRBRT { based upon

total weight of th Q070] In a pr nbodlrrent t he
initiator r%?lrogcé?gh ﬁ fe?§ r%??é( 1%L‘ ‘? Jarhr%ﬂ’rcoag'él ﬁ%ﬂ Onéf whk Boxylic acid, a
car boxyl i C a(}llodhd’l,ad pleieg], aﬁteﬂiafyfa(ﬂ{‘jzll ﬁalﬁlelajtﬁrtlaﬂ‘y alﬂlb(bﬁ:lﬂmlh,,a ﬁltlpxhe:ﬂicyll a tert| ary
talell’(%/: alhsl :a?:lc fer, a?cr{lm}r a%tky( cle{ a tcmalgl (ﬂ{;‘(? ct%(f‘lt ae I’Ectmagf gmﬁiﬂl c%g‘l}cif dg(rsyga_l kyI e t her |
al kyl hali délphtar wllylhbﬂhrideallqdilrk}ylhaludﬁl ohadryldeylacd fahdd al kyhkadied halide. In

anot her  ombagamALy, k0SBt | 40ty 12 ke Ay AYBENALS e ADcypEPECt al Ly not

an al cohol, present at nore _ y weight e po (irrerl zation
medi um and pessene @F aorey thapts W@sémweﬁht rbihe robarrizetap prRdiuPeeTd]  Pref erred

hydr ogen hal Iegﬁclhlﬁl I{dtﬁfeééﬁtsathl@&ltwg Wppdf ogen chloride, hydrogen bronide and

hydr ogen i odi particularly prefeéerred hydrogen halide
Preferred hydfogen halide initiators inclide hydrooen chloride,

hydrogen bromide and hydrogen iodide. A particularly preferred hydrogen halide
1s hydrogen chloride.

[0072} Preferred carboxylic acids wmcluded both aliphatic and aromatic
carboxylic acids. Examples of carboxylic acids useful in this disclosure include
acetic acid, propanoic acid, butanoic acid; cinnamic acid, benzoic acid, 1-
chloreacetic 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 usetul in this disclosure are similar in
structure to carboxylic acids with the substitution of a halide for the OII 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 arc
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 chleride, benzoyl bromide,

trichloroacetyl chloride, trifluoroacetylchloride, trifluoroacetyl chloride and p-




i s hydrogen chloride. 100721 Preferred carboxylic acids included both
aliphatic and aromatic carboxylic acids. Exanples of carboxylic acids
useful in this disclosure include acetic acid, propanoic acid, butanoic
acid; ci 051 fGId, benzoic acid, 1- chl oroacetic a lo oacetic
aci d, B@ﬁ%@%bacétlc aci d, trlfluoroacetlc acid, p- %gﬁlggggen20|c aci d,
and p-fluorobenzoi c acid. Partlcularly preferred carboxylic acids |nclude
trichloroacetic acid, trifluoroacteic acid, and p-fluorobenzoic acid.
100731 Carboxylic acid halides useful,/in this disclosure are simlar in
structure to carboxylic acids with the substitution of a halide for the CH
of the acid. The halide nmay be fluoride, chloride, brom de, or iodide,

wi th the chl divot®enzbgingidpr 2iradut=elg préfirep acid hialoes ioflueedyllvaloiides from t he
parent carboxyl.i.C r he t o] killed in the
art should bé%?g Eﬁﬁ%?g %%ﬁbpﬁugﬁncm?g%édﬁﬁgg'mfgf(mﬁ’ﬁlcggcﬁﬁ hal i des
useful in thifsodibsebdshivaedd ncl ude acetyl chl ori de, acetyl brom de,
cinnanyl chi gpifle be%ﬁf{ GObOREAP o RRRERY BE AfikHGr. inbhbBhpr 0acety!
chloride, tri uor oacetyl chi ori e tritluoroacety chi ori de and WO

2008/ 118577 P@md@sz-@%lmmgamfonmmbuoﬁémdgﬂ @hﬁew gsfonipagetds cul ar | y
preferred acijgihl i derﬁeuaanesluyslﬁc acetyd, chlgfiidinemaAGElidtc br ommde,
trichloroacetyl chlorid trifluoroacetyl chloride and p- fluorobenzoyl

chl ori de. [odv@iorgmtkaéﬁﬁulfmaw&’saﬂd§é?luffne%\%f0mﬁw<i ators in this disclosure

i ncl ude bot h jo@isj phat lsmfam agitl Ot dsCuetlll fipnhe @Gidse dxXamplaesnof preferred
sulfonic acids .inclu an %ulfonlc a ag ‘Erlféﬂﬁé t hanesul foni c
acid, trifl dBPOHEINY %}E%?Cf ik t%‘fé}‘l&“%fﬂﬂ“bg B %paé‘&f‘it . [00751
Sulfonlc aC|dmhahdeQMHﬁabwhﬂmm«hhﬂﬁmdBSﬁwﬂﬂubEmmﬂexﬁmnﬁdammMQ structure
tng, Zﬁ!{ f Oglcfd%%{la%z)r cd })m%gﬂobe *hitclélltﬂ 0918: aglfd 1a1|1J?:s frarél‘%hcbpalcn% %1%01%4 IC)]:)dlt 22, with
t he chlorldefwMEMHgn@MEWGWHﬂdlum@pwpahﬂuhﬂdhemhémSMbﬁbnM@raﬁhd hal i des
fromthe par C one skilled
1 the art . ST b Pt T aet G BRE oo s Reb1F o A QiosEineE °00) Fomi
aci d hal i des mgstefigshlfony] chioddegi metiapeubenyl edmide tighberbrasteasesuifony| chl ori de,

met hanesul f onyjoriy, Q'mugl%melthﬁdegﬁfﬂlo 1@1116;1&1:8&%5%111&5@61@11 bhqiatde,
trlfluoronethanesulfonyl chl ori de and p-tol uenesul fonyl chlorlde [00761 In

one enbodi ned®076k| cohdh narcabelipgtiateqhals| ajc sppsentally st fam the

catalyst, i.e. the catalyst feed has a molar ratio of alcohol to Lewis Acid fess than
0.05. When used in the catalyst, alcohols useful in the catalyst of this disclosure
include methanol, ethanol, propanol, 2-propancl, 2-methylpropan-2-ol,
cyclohexanol, and benzyl alcohol. Phenols useful in the catalyst of this disclosure
include phenol; 2-methylphenol; 2,6-dimethylphenol; p-chlorophenol, p-
fluorophenoi; 2,3,4.5, 6-pentafluorophenol; and 2-hydroxynaphthalene.

{8077] Preferred tertiary alkyl and aralkyl initiators include tertiary

compounds represented by the formula below:

llzs
R+—C—X

Ra
- n
wherein X is a halogen, pseudobalogen, 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




catalyst, i.e. the catalyst feed has a nolar ratio of alcohol to Lewis Acid
| ess than 0.05. When used in the catal yst, alcohols useful in the catalyst
of this disclosure include nethanol, ethanol, propanol, 2-propanol,

2- et hyl cycl ohexanol , and benzyl al coh 1 usef ul in
t he cat aIQX/(g?O%%f %fﬂl s disclosure i ncI ude phenol ; NS)FHQ{D%Q Sl 81
2, 6-di met hyl phenol ; p-chl orophenol ; p- quorophenol

2,3,4,5, 6-pent af | uorophenol and 2-hydroxynapht hal ene. 100771 Preferred
tertiary alkyl and aralkyl initiators,include tertiary conpounds
represented by the fornmula below R E&r C X R2 wherein X is a hal ogen,
pseudohal ogen, ether, or ester, or a mxture thereof, preferably a

hal ogen, prefoeﬁtalbing1GchlSOcra'tUdeatamﬁlaﬂalmor&@re&fhdlyﬁ’&o ar&:&b&duﬂ@}memdﬁﬂﬂtl y any

| | hed h k f bl WO
h006 118075 PERPBCGOBToena 93 Tuly sl of sl Bty Pret or 31

preferably 1 teovet tarh)omoat;merfaabmnns& tuneéer fiemiber 6.0Thd mlalkﬂs opysites and is
a nunber gr eat;[ %ubsgltnf%ﬁglo uns&gﬁltﬁ’t l?or%]g pB]%Jﬁsfeg“ f”‘t?{ %]Sf(igtﬁ}evﬁg Qnyl%z£18q 30, nore

preferably nisan e Substituted or
unsubst i t ut edher@arartifikyl pudgosk r@¢antdm0g1pdmnsid100tsmme ba?hddr‘aww@h@ ms thereto,

arylal kyl is dﬁ@Iﬁ'ﬁ]@%ﬁ'ﬂ&lﬂesrm@%féﬁ exan%F&ggf:g a‘%lplu&%dpcﬁt&lcﬁé 'thi ¢ and

ali phatic structures. Preferred initrators Inc
2- chl or o- 2, 4,dmethylpeiizphy P-pemp et rinpihglpeiec2-ghlao 2rmesimgnape At ane;

2-chl or o- 2- mﬁ(ﬂﬂd ﬁﬁl@ﬁ?l@%p&% br?&ﬁ’or@-ﬁmeltd’Wbéﬁfa%@@ﬁcptane 2-bromo-
2-chloro-2, 4,4 pentanethyl ept a 2-b

2,4, 4,6, 6-pertt Aa‘h@?ﬁ ey dReancy - ch| o]r H‘I?IO'&éP%WI%IfWP@é?\zene 1-

chl or oadanantcammadahraﬁiah@r Oﬁélﬂmbdﬂ@%ﬂi&ﬁe 11 44bas(s(cll;}ocdni pE@ylkthimet hyl et hyl )
benzene; 5-tcrt-buty ro et hy ben

2-acct oxy- 2, FOUCNG Pyt ﬁré%‘fﬂ/’lr'giaﬁ‘é( %ﬁorog T)cé‘ﬁ’}% %37202‘:’44 HAFY éﬂgqhyl pent ane;
2- acet oxy- 2- tﬂiﬁéthgylbqﬁrao@ane, %Mf@wj{an}tf»tﬂmﬁﬂat]bwqﬁt ;opanegetoxy-2-

2- acct oxy- 2, rreth .

2- benzoyl - 4’16 iy r%)a“ nt arre Ty ?loh%% e?hé%"fpa“aciet oXYy- 21'3-“{8@% %14yi48t6hyl benzene;
1- aceot xyadamlmraﬂerlhelbtabfe nz @yobmyle?t,mfﬁ beetamdiylltptdnci s{-geetoxy-1-

acet oxy-1- ”EtnlIEeYI ‘Fertﬁe\} e E@@%@é&@gadﬁm&%ﬁ&e PH&%B ‘Jnyétthe?&ene, L4-bis(1-
1- acet oxy- | - et ?/ f’ hyl pent ane
2-i sopr Opoxy_agctq;(’yz]} -methylethyl) benzene; 5- tert-butyl 1,3-bis( 'I- acetoxy 1 methylethy])

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-igopropoxy-2,4,4,6,6-
pentamethylheptane; 1-methoxy-1-methylethylbenzene; 1-methoxyadamantane;
1-methoxyethylbenzene; 1,4-bis(1-methoxy-1-methylethyl) benzene; S-tert-butyl-
1,3-bis( 1-methoxy-1-methylethy]) benzene and 1,3,5-tris{1-chloro-1-methylethyl)
benzene. Other suitable initiators can be found in US patent 4,946,899, which is
herein incorporated by reference. For the purposes of this disclosure and the
claims thereto pseudohalogen is defined to be any compound that is an azide, an
1socyanate, a thiocyanate, an isothiocyanate or a cyanide.

[6078] Another preferred initiator is a polymeric halide, one of R1, R2 or
R2 is an olefin polymer and the remaining R groups are defined as above.
Preferred  olefin polymers include  polyisobutylene, polypropylenc, and
polyvinylehloride, The pelymeric 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




tri nmet hyl pentane; 2-nethoxy-2-netlryl propane; 2-benzyl oxy-2-net hyl propane;
2- methoxy-2,4, 4,6, 6-pent anet hyl hept ane; 2-i sopropoxy-2, 4, 4,6, 6-

pent anet hyl hept ane; 1-net hoxy-1-nmethyl et hyl benzene; 1-nmethoxyadanant ane;

1- met hox ne; 1, 4-bi s(1-nmethoxy-I|-nethyl et hy

5-tert- bﬁ?éPngﬁp%ﬁ i s( 1-nethoxy-I|-nethylethyl) benzéﬁéﬂgﬁﬂ%ﬁ}bm
1,3,5-tris(1l-chloro-I-nmethylethyl) benzene. Other suitable initiators can
be found in US patent 4,946,899, which is herein incorporated by
reference. For the purposes of this djsclosure and the clains thereto
pseudohal ogen is defined to be any conpound that is an azide, an

i socyanate, a thiocyanate, an isothiocyanate or a cyanide. [0078] Anot her
preferred i nitbioatolin it palymet hanhong tHeglddda magrentoh pRRimeriRR hiok havRk3 i s an

Ol efin poly el AR STBL D U Rl QRSN £,08EL Ve ARy RRONG.  Pref erred
ol efin polymers inc e po utylen B §
ponV|nyIchIdﬂ#ﬁ@mﬂﬁﬁémd@kyﬁeﬂpmbwnm@w&ﬁomOhayrhh¢EMHaMGgeﬁafed tertiary
carbon posi tahgﬂeeqdaém&rp%o@m narﬁg%f?armra]%reﬂ@esodrmmdﬂko@ pfiGcif@gkbone of the
pol ymer. When the olefin as nu pl e hal ogen Fat ons at tertiary
car bons, eutné?duﬁéwu%de%é@ﬂa%@mem/ US200S/ 054581 23 to or within

the pol ymer bggipone, Ftah%ulﬁﬂ}o(g%mmyltlﬁ@l@tlﬁi b@@l(ujx)/ﬁ?ﬁlﬁ)bé"ﬁﬂé&h 1ihave a conb
| i ke structure and/or sjde chain branching i ng on the nunber and

pl acenent of ‘ta‘r‘l@“}ﬁhﬁ}é“élﬁm{é’flGHEOIPWI%’%?OH?IB@FQ'h‘”ﬁ‘iﬂ@l?%rélﬁ’d”’%‘i“@w]% the use of

a chain end 1@idrb-apy-pekipamahal i de-dnré-Dateasyppipas des1ans@tihod for
produci ng a taln bl ock copol ymers. [00791

Partlcularly’E %@Y*§HHWﬁﬁFYH&E? ‘may be any of those useful in cationic
pol yneri zat i dnosof |sobhmﬂ$9ﬂmwmmp@hymﬁﬁsnhMQHMGngtwhyMymgmmmehloride

2-chloro- 2, 4’e(ﬁ1_)_zatmr1|m pxldﬁg?% cwm acn %?[tg Gr ngﬂ‘lelgic %(uégtrc%%% %’cnt thghl oro-1-

nmet hyl et hyl benzenc anol . ositions useful in
this disclosdm@EUyNHQQMMyNmonpﬁmgewm@m%ﬁ@maMNt@ﬂambshwnﬁmézmka Lewi s acid

coinitiator. oli thi ft(H'r ?Jsgtqtﬁeg)ogl%g% F?Hlte ’motleh%t 11#%%%16@8%& dIn d%lqlll E fator is

present anywher e t1nes Fnitiator present
to about ZOOIﬁﬁﬁﬁé‘Wﬁ@dWﬁF%§Ed$WW%W¥4a%w#mﬂréséﬁﬁmfmﬁﬂﬁﬂﬁmwﬁ%ér pref.erred

enbodi ment,  tahsut leMiBe@ Bk Qi 3 ibiki@bOpredesit R £9QRM0 BhesaflY WKL @1f rom  about
0.8 tines the noles of initiator present to about 20 tinmes the noles of

initiator preBHET PIEYEnty Ibraé)feé?weé&n@ﬁ%a}tﬁwﬂﬂﬁtﬁbm PRSIt &t B VREE present  at

anywher e from about 0.1 moles per liter to about 10° moles per liter. Tt is of course
understood that greater or lesser amounts of initiator are still within the scope of
this disclosure.
[0681] The amoum. of the catalyst emploved will depend on desired
molecular weight and molecular weight distribution of the polymer being
produced. Typically the range will be from about 1x10°® moles per liter to 3 x 10™
moles per liter and most preferably from 107 to 10™ moles per liter.
[0082] Catalysts useful in this disclosure may further comprise a catalyst
composition comprising of a reactive cation and a weakly-coordinating anion
(“WC anion” or “WCA” or “NCA™). The catalyst composition comprising the
WC anion will include a rcactive cation and in certain instances are novel
catalysts.
[0083] A weakly-coordinating anion is defined as an anion which either
does not coordinate to the cation or which 1s weakly coordinated to the cation and
when the anion is functioning as the stabilizing anton in this disclosure the WCA

does not transfer an anionic fragment or substituent to the cation thus creating a




fromabout 0.1 noles per liter to about 10 noles per liter. It is of course

understood that greater or |esser anmounts of initiator are still within the
scope of this disclosure. [0081] The amount of the catalyst enployed wll
depend o d.. nol ecul ar wei ght and nol ecul ar wei i stribution of

t he polyﬁgggﬁkﬁﬁbTYproduced Typically the range w || Q%&fg out 1x10

noles per liter to 3 x 102 noles per liter and npst preferably from10-4
to 10 noles per liter. [00821 Catal ysts useful in this disclosure my
further conprise a catalyst conpos%g4n1conprising of a reactive cation
and a weakl y-coordi nating anion (" ani on" or "WCA" or "NCA"). The
catal yst conposition conprising the W anion wll include a reactive
cation and i mwmlt@tmodunsbﬁnmasnmﬂ toonpehnd. cateﬁmestaamﬂiéh%ﬁ}mcﬂ

weakl y- coordin niLon i fip ther ~does not
coordi nate to" %%@cgm?mm"% %%ﬁﬁch 'S mea%phgag%g'Pﬁg eﬁﬁi %e cation and

when the ani oamrB(sip)h YneddpefiuRgptRsylbdich (3t;atlbyh+)ltalaﬁgfﬂads}blmawmum]hmﬁ di scl osure
the WCA does not transfer an anionic fragnment or substituent to the cation
t hus creat i ngceoWTFs2 @@ 7rpopEs AuShe bigy (g sain iszay geigh thal 2By - pr oduct or

ot her neut r al yag @R 1o Bef shhrdaexanpl es of such weakl y- coordlnatlng
anions include; alkyltris(p entafluoro hen boron

tetraperf | uor@}enyi bo?hSﬁmelB(fﬁf Py ey mef‘ éfftf{ &ﬁéﬂ@&éﬂ@%ﬁ@%@ﬂ 1810% num
car bor anes, halﬂag@atadraidargzalfm’f aBas. &dextmple lid K BrefelB@ coBidinunt the any cation

t hat le t bocat Th b
conbi ned wi ¢ NYERBREATBH Y AR dar b VAR B EHBE B aP i nar'y sk |1 i n

the art. For @Kﬂmhtﬁ)nllmtha fpmeft @reraeith e entlpdi hmnbthérrpeefeAMeanbocbments i nt roduced
into the dil uent n bo. nd the cation in
the form of t%“’““%’c“““’“ °°“{TF“§139§% 9‘R?‘I““%{]né ee‘r“ %?%ﬁ& é‘F?“ng Oé’n% gegrlgnt a

conposi tion conai niengresehe MChapiton of regimenatignssduiceste. tiiceata@dis t o produce
the anion i ”acE\Q&dprL%&%".L%‘?he%C%%Mﬁﬂa&'b@%a%taﬁ QAR Yl% Satienraeurce, i.e.
the anion is activate kew se anion may be activated mnthout t he
presence of td4eon ghtchtsm wurce avhielh is eehsedsentbi Elﬁo‘?@edsuﬂéeb@éﬁﬂcgi i ntroduced.

In a preferr%ﬁmoﬁﬂﬁﬁqwﬁﬁ.&m%ng&ﬂﬁgﬁg&b@ﬁmﬁﬁﬁ%@bﬁhﬁgmhbﬁnﬁﬂ meadd a
conposition contalnlngnépﬁfi ﬁicatlon are -conbi ned and allowed to react to
é

forma by- pr odidqn arg e loyeq fpgeact to form-a by-product, the anion and the

cation.

Polymerization System and Process

[0685] The present disclosure can provide a polymerization system to
polymerize one or more monomer(s) to form isoolefin polymers and copolymers
without an excessive film deposition rate on reactor surfaces. The system can
include: a reaction zone to polymerize the one or more monomer(s) in a
polymerization medium comprising the one or more monomer(s), a diluent and a
catalyst; a monomer feed 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 onc 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).

10086] 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 umit 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




cation. Polynerization System and Process 100851 The present disclosure can
provide a polynerization systemto polynerize one or nore nononer(s) to
formisool efin polyners and copol yners w thout an excessive film
depositiqﬂ?&ﬁb? s} reactor surfaces. The system can (ﬁﬁk%ggmﬁaneactlon
zone to polynerize the one or nore nononer(s) in a po mert zation medi um
conprising the one or nore nononer(s), a diluent and a catalyst; a nononer
feed line to supply the one or nore nononer(s) and diluent to the

pol ynmeri zation nmediumin the reactionszone; an alcohol supply line; a
catalyst feed |ine separate fromthe al cohol supply line to supply one or
nore Lews acid(s) to the polynerization nediumin the reaction zone; and
a control | obpedrehaldiliustt @ the edneomadrefealf hitcheTial dodhol supplytlive @h cohol supply
line to the r, i A0.pe & ogenat ed
hydrocarbon(s%ﬁﬁ%%ggéTﬁﬁ&qOHEQ%gﬁ)Eﬁ%ﬁ% tﬁ':ﬂ9 WQQQHBGgﬂ?a%ggﬁ?nclude a
product |ine o acomBudvethegoin xt ure of pol yner and diluent fromthe reaction
zone, a pol yrmfm | T SCOURTY JobtinteRt, %@aoaﬂ&aﬁmmcmgntunitr&m ﬁqﬂﬁdemture and
recover the uent récovery unit to enrich e separ at ed

di l uent, and fﬁmwna%f merdr%evhecé ey @ ExNROTEod 8/ @STT, FWCHTP@SQOOBI 054581
25 the enri chedndiidad@Rbent Q)lﬁ&?d@nﬂpdfﬁ%ﬁlerf &%dlllﬂeneﬂle-ﬁhﬁena&ﬁfém&mSUppl y line
can introduce the alcohol to the reaction zone, e.g. directly, via the
nmononer feed Wt A& inclye meansdAlRlRli'gRCveher eof [00871 In an enbodi ment, the
di luent enri gbesept unith aﬁ@ﬁblleﬂﬂébdiﬁialtathe fcoaet 10pakh eRePes alcbidn, Whi ch can
be an extractive dlstlllatlopiltp1 1 olgroduce f,alc Vol-%eaﬁ di l uent for
recycle. I n ROYATE dRETHFMEIEIOTIRE ot (TP oslT ifeH A%Ri ¥°%an i ncl ude
neans for aIqm@mhwnﬂmpwahmnboQﬂa&nhnmamoﬁhem.ﬁmbddﬁmbnmmykhem¢ontrol | oop

can i nclude an det r c ve| t he nonomer
feed |line, and’" “?ﬁegmmM?d‘m%§F Maﬁm umﬁ%v%roﬁlchnnﬂagﬁﬁﬂﬁfggtlon wth the

al cohol anal ylzeea‘lcoatviduppd»pbreato ac\hwlvgfd@s’@iﬁdﬂoa@]é@ewt tlt atchieol adabyahrolln supply | ne,
e.g. to contrg Ijn(glwthea!{]oﬁt]r&gor?gtch'ﬁmah&%r}ﬁlln d%hb?ﬂl)b[ 3Iéﬂ%¥£&@qg' eve desired

al cohol Tevel” at the al co l'yzer. In an enb e control |oop
can incl ude a°®inip depesiftindenositien dnkd yasios iy preyicatioevidr afleve: the rate of

film deposi tigpoitidndiflecdnfaid 9 corludl & AITWLIHe CRhORNcNE fuply fnOWIn
embodiments, the alcohol supply line can be connected to the monomer feed line,
which ¢an be connected to a reactor housing the reaction zone,
[0089] In embodiments of the foregoing polymerization system, the
reactor can be independently selected from the group consisting of a continuous
flow stirred tank reactor, a plug flow reactor, 2 moving belt or drum reactor, a jet
or nozzle reactor, a tubular reactor, a batch reactor, and an autorefrigerated
boiling-pocl reactor.  The reactor can be operated on a continucus or
semicontinuous basis.
[0050] Fig. 1 is a schematic flow diagram of a polymerization system or
process according to a non-limiting embodiment of the disclosure, Isobutylene in
iine 10, comonomer(s} m 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




proportionality controller to control a flowrate of the al cohol supply
line. In enbodinents, the alcohol supply |ine can be connected to the
nononer feed line, which can be connected to a reactor housing the

reaction zone. {Q0891 In enbodi nents of the foregoi ”Q’cﬁﬂ}s\ﬁ%%fo&%ﬁ“ on

system the reactor can be independently selected fromthe group
consisting of a continuous flow stirred tank reactor, a plug flow reactor,
a noving belt or drumreactor, a jet or nozzle reactor, a tubul ar reactor,
a batch reactor, and an autorefrigeraled boiling-pool reactor. The reactor
can be operated on a continuous or sem continuous basis. [00901 Fig. 1 is
a schematic flow diagramof a pol ynerization systemor process according
to a non-|i mthé eplenbadgilaerith thé dasinel aiosel of ket I4Ibsf®brudi$nbmr$®rd°n i ne 10,

comononer (s) i,n I el o g’&ﬂ%ﬂhaﬁ% :SJagyml tl% 393' gé@g&?o'

optionally with other oxy &nat e are ed blend unit
18. Feed bl encbamiipn unit@Oiven lmpA%ent i onal except |n respect of the al cohol

and/ or oxyge[n@mf addlm.%er RSted FrolNRUMLIER Sd¥e18%i Jind bsl shebyaplcal to dry
and fractionate the isobutylene and/ or conononer(s) if necessary to renove

i mpurities i nhausfasitler 8f ant Hienfte ealvBFEROUITRYOT TS CRESEEIEISSE preparati on

unit 20 genersﬁln'la&‘ly'i@@'fl@ﬁle&taiy@pﬁ’éﬁﬁﬁtioﬁ)%ﬂﬂt >apRAaliA U ch@nal¥ xirfi@nt he initiator
22 and Lew s d 24, and di] uting. 2008/ 118577 CT/U82008/ 54581 26 the

cat al yst conrp‘llé 3 thibe Frecigedd by Bt MBY PYPECERt N EARITPE AR | uent
storage 14. Hafch@estsked Fuky @Rnadc®r ABYandfata ;ﬂlrgajldwleb@on entifbt)dhlﬁ&d into the

catal yst preparation it 2 is fed fromfeed
bl end unit 1§gﬁ‘gm??ﬁe%%gkmd%{mgagiFe(mfl?5%6ﬁ“@#Fl u@ﬁfaané then to

pol yreri zat i achvwnegeh drom3kk: feddatlanl yisit 10wl @Xa]j’sslarclglrammll amlzy) fed from catal yst
pr epar at I On l:liﬁbgtz!jzo VI oéng‘% f§cﬂ Ho 919%218&?‘5!2' % En@fuﬁéjﬂ&hoﬁhé lnon?c( d§6 to the

r eact or |sclosuFe may be in contl nuous an ch
processes FU%@HemﬂmhemrEhembﬁm82ﬂ@ammbmﬂamﬁYM@Cﬂﬂmmm¢6ﬂevmﬁménd/or stirred

tank reactorsy Ghi, 'éo%{bﬁla{i% #0136 F@Hl?eromk'd%S?gc'nat@rl@LeP%P RE H5@d upstream or
downstream fromthe feed blend unit 18 and/or cataly gﬁreparatlon unit 20.

10092 Oxygendt@itpisdih 1 oped mospeithyrfegdingsdn of fiem tha éﬂeélbké’ @lit \fi%4 nonomer
feed bl endi ngndidtalysideparifih SLMYO! PXUBERANS of?@éﬂmmﬁ‘ncxvloalf;@ﬂﬁ' yst

g:: erpg{ 2t Icg_z bglbtﬂ 224028 anrd 391 cﬁ‘%glbal sggrétglﬂlet(gcﬁgl?o%rll) tlf)l{llie[ lgaeclrox 35 ]% o?e(ygenat e level
iflustrated embodiment int Fig. 1, the alcohol oxygenate is added via line 16 to the
feed blending unit 18. The line 16 can include a flow contro} valve 40, and the
associated flow control loop can inchide oxygenate flow or rate transmitter 42 and
flow controller 44. In another illustrated embodiment in Fig, T, another oxygenate
is additionally added via line 26 to the catalyst preparation unit 20. The line 26
can include a flow control valve 46, and the associated flow contrel loep can
include a oxygenate 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 I.oops 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 s opened to
increase the oxygenate flow rate. The oxygenate flow rate desired level(s) can be
entered manually or autornatically as part of a film deposition rate controller 52,

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




nmonitored in any one or nore of the feed lilies to or fromthe feed bl end
unit 1S or the catalyst preparation unit 20, for exanple, any one or nore
of lines 10, 12, 14a, 14b, 22, 24, 28 and 34, or via a separate |ine (not
shown) t r tor 32. In one illustrated enbodi ' i 1, the

al cohol %&‘éf%@?{éﬁ%ﬁi s added via line 16 to the feed %ﬁ%ﬁ%‘%%’&dgﬁ% 18. The
line 16 can include a flow control valve 40, and the associated flow
control |loop can include oxygenate flow or rate transmtter 42 and flow
controller 44. In another illustrated-enbodinent in Fig. |, another
oxygenate is additionally added via line 26 to the catal yst preparation
unit 20. The line 26 can include a flow control valve 46, and the

associ at ed f Ispsert.omhe otychiaepfl@arte ddedduee] aamobeygpenainel iddowjueted r at e
transmtter 48 agnd fl| ow trol l.er . Flo control | oops are well known
nthe arc. HstORyleRkel Mhadorfin Bl Safi i@m B8R F i ne anal yzer
such as a gasmdjmiomittsdgssaphted @0) thangergion lobte metter 32. Ho00@8plcThe fl ow cont rol
| oops can be aperal a8 A HSob g BhaW Jahg himdl GANEwACAL a1 ni ng
oxygenate 16 and optional 'y other oxygenate 6 to match-a ‘respective
desired | evelobfeyred tdhgositian entd praatysivivntt &f imicatcd 8n ingregsed iffim dpgosiigy genat e r at e

is  bel ow t h,d&sing fdoib ¥y inél-@.%e&feflﬁgssggmtﬂ@ ARARGS AL ahBLNY Gnif0, 46 'S
opened to increase t%e oxygenate flow rate. T?1e oxygenat'e flow rate

desired | evelitdydiceeha e in istdepasiorrnttu ibp il Aeratt et resbisiynias? pai | of - a
fil mdepositiporndal & @M Qhli 8ke BBa depdiiteh r&ann e fadependante or part of a
distributed or centralized process control WO 2008/ 118577 PCT/ US2008/ 054581

27 system THECEHRY e Pt BPPoW Al BEST I RECH oot APst5E "FE28% ned and
adj usted basathanninh@nbhatacudited Habdi ot @pegibhlas of @t eatiei2and det er m ned from
deposition rate analysis unit 54 assocjated wih the operation of the
reactor 32. FOF> é&’gﬁlﬁ%@, ,thcttﬁ'é nc%qiéélécn@?iedc?oég% ‘?patﬁ'cehcétathanf)fgl bEigr%f“‘rcﬁas ed froma
defaul t maxi miimastet 31 ingrapottiohal tihéhe cObBIE hye dradéposistan@nardate tanal ysi s uni t
54 indi cates 40 o} GLEASEH Il ATROLIRN s haLFichD & B8 LEBFhRY 32, O

y s at t ing | rie f

increased froma stea e se anal ysis unit 4 indicates a
rise in the depogiption rate. The filmdeposition rate analysis unit 54 is

known in the gjoly and {0 LLLMAGRARI Lt 5atRn] el B 8BCLANF 32 Ca”__ﬂbe
determ ned, for exanple, fromthe rate of increase of heat transfer. '
resi stance, dHice tbei qreraliech by gin airacl glediumatueli paia BW/0A leawtchal ance of the

reactor 32 angroihddX vialiat €8 ThehoYRRE s3hon sbiA@uddioakin@ I8P dolenef I | m deposi ted
on the heat transfer surfaces  of reactor 32 js propartional to the overall

heat transf ercsPEEy g]tl%ﬂ)cgsmgathﬂh%ahﬁgmtﬂﬁéluench 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
oxygenate or waste stream(s) 70. It is also possible for all or part of the oxygenate
to be produced with the diluent recycle 66 and recovered monomer 68, provided
there is a purge 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 it 60 is operated to control a partition of the oxygenate
between the vapor stream 62 and liquid quench medivm by maintaining the
appropriate pressure and temperature condittons. The recovered polymer is
transferred via line 72 for finishing operation 74 which can remove residual
diluent, menomers, and quench medium using a series of screens and extruders,

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




rate of increase of the heat transfer resistance is proportional to the
rate of film deposition. [0094] The pol yner-containing effluent 56 from
t he reactor 32 can if desired be quenched by a quench nedi um such as steam

and/ or ntroduced via line 58. The pol yner, par at ed
fromt he ?é\@ré 8"’n7] pol ymer recovery unit 60, using tﬁjﬁh ?/8?4r§%1m t he

quench nmediumto vaporize diluent and unreacted nononers in a flash tank
or stripper, for exanple. The vapor stream 62 is then dried and
fractionated in diluent recovery unit,g64 to obtain diluent recycle 66,
recovered nononer 68, which may al so 2be recycl ed, and one or nore
oxygenate or waste strean(s) 70. It is also possible for all or part of the
oxygenate t odeb‘e:dp npphraetnivrtthodsiier pdiyineentovegopcdilee Gcard demdver ed nmonomer
68, provi ded her Tls}tmcampurvge[elmowmnegd mechani smto prevent excessive

mer
| evel s from curru he process For exanple, some or all of the

oxygenat e cariﬂ&%i ext rla@ncelmbrwlnt:d'h ltebie:atqbewoiovwﬁefdirmﬂmmdboﬂ molsyner. I n one
embodi ment, t e .. RQLFIRLLEE QYEr Y uPQ'nL bufi rehGorPRIA @é%é%{)gﬁog%éo' a

partition of the oxygenate between e vapor stream I qui d quench
medi um by maisticaif Hictigpetandgthe a@pmwmgametwrfees@? etheyrsfict aperstelite condi ti ons.
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74 which can renove resid | uent, mononers, and quench nmedi um using a
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28 desired. parat us and net hods for recove il uent recovery
64 and pol yﬁ@f’“ghi ‘51? LR roPtgr exapele is RVEIB‘\RHEFHS Ve .2 F[%g@‘i | n anot her

aspect, heat rEafor Bigousdnned hfezmmlimeush@a@bmﬁt (B]Zthb)bthtahsede of a heat transfer
sur f aces, er a.cool.ant a§ one side of

the tube and TRy Rer PSR el v ety RaSS NP el Biar rmy el 20
be renoved bylevaperadinggbeithe dpol ywivge itei dllgl;entfilnommn@/catsluﬂhnrawtemay be found in

an aut Oref”sng\%éito%% tPé’detoP&u% ﬁé %&’Q?e OQ/@KFB}pgvapOAﬂBL E‘Fthe giagmie s a plug

fl ow reactor a portion o ynmeri.zing ure I's evaporated as
the m xture photedds plQChtheudh atlfygory bﬁétﬁ@v beAPm@\ﬁérlll eucézmmc@m §ywhere heat is

renoved in a sEh'féég hEitQP%lmfére(%L% \%E&fe%@&o’ﬁw Fs%?e%erl?%ﬁtthct 1E1§H'§Bietﬁ1e using cool ant
on the other sid a heat transfer surfacé. Another exanple would be a

react or wher éh%plythzéel thefyelt gpft the pedwmer 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
short residence time where the monomer feed in line 28 and catalyst complex in
line 34 are combined in the jet or nozzle and the polymerization occurs as the
mixture passes through the nozzle at high velocity.

[0096] Preferred reactor 32 inciudes a contimious flow stirred tank reactor,
whether operating in batch or ¢ontinuous mode, and whether operating in a tank
with an agitator or in a tube type reactor. Preferred reactor 32 also includes a
reactor where the polymerization occurs on one side of a heat transfer surface and
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,

10097] 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.




pl ace on a noving belt or drum where the diluent/nononer/catal yst m xture
is sprayed onto the belt or drumand heat is renoved by evaporation of the
diluent as the reaction proceeds. In addition heat nmay be renoved in such

reactors (yqu@?]%f._plce heat transfer (such as where the, coolapt LS present on

t he insi 2" drumor under the belt and the pol'ymer 1's 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 short residence tine where the
nmononer feed in line 28 and catal yst ,gonplex in [line 34 are conbined in
the jet or nozzle and the polynerization occurs as the m xture passes

t hrough the nozzle at high velocity. 100961 Preferred reactor 32 includes a
continuous fljed8st i rr ethe tankd meaoiocny withindie rbvetor Bptrmpamgf 4 slurbat ch or

continuous mde. ngpwhegq:gr operating in atank wth an a i%ator or in a
tube type reactor .gm rdé’?eé'r’r eeclCorng%tnct:r or %ﬁ eaT’Oslgs i'ncf deg "a u?egé’ or where the
pol yneri zat i ameage than $0 pri%omd i piler cobodimbmatquelrtansrestersunface’and t he

coolant i s PhEsaRh oPRulier Ol 3l HneMonPKRTBLELLS 7d RREIBfo wher e L ubes

cont ai ni ng coolant run insi e reactor polynerization zone. Another
exanpl e  would vee.daer & volte 28¢¢ YherTozbtp dh vate it © /P islider ¥t dbe and t he
coolant is prgpent on the outside of the tube in a shell. 100971 This
di scl osure may al so be practiced in batch reactors where the nononers,
di | uent, cat a{?’/‘iﬂgi and ToRylnacentigres dogr yord tgk-tme rseeatoMa8Pe and t hen

pol ymeri zat i QRedPrI0e @REkS: 120is aRplig Fnanvi(sacdiias ByGaanahi Bgh aand t he
polymer is then recovered. WO 2008/ 118577 PCT/ US@,OQB/ 05458 29 [0098] The
react ed nonofePLoTRERI N TRECH Eatt BYC%2 PP Ar ogPr yeg}abf?%mg I n one
enbodi ment, tiies andieeddls adri diier Ofeaishe ©obiias tlierhebthel sdiytieiiyatios tequal to or
greater than 10 ment s eq)ual. to.or ?‘Ihg)at er than 25

alnt2\1/i1(1:) lthoé)dcell{(]:? 1'-iaQti o pn%‘r a? r}PC{n ict nicans§ (stich a§ ipfct pipcs a
vol % less thah or equa v&Ps VT o™ of i R a’ Fange FFIRT *t'6°70 vol % 5 to
70 vol % 10 ttomi7 ®fVekdEs hbd 86 WO muabiers 20ews, 7@ talyots %nd 28yde0at¥ 0 vol % 30 to
0 ) ; 0 : . .

70 vol % or ‘thnEb?neégr %Q'Ltg%), L&%@%&@%P&irﬁ%éa}{s af agloe@ﬂde{?t%%&%o lopw stirred
tank-type reactor- 32 nmay be” used. e reactor I's generally fitted with
an efficient caffiewatineorhicheitisiians welymas dikeent udpgrepttsdemonymefsppeht er (s), an
external coolgdHg HiRcketa ﬁa%%rdlun%feambh QR A Gnov iy Page1aBgl{ Ofhe COI | S, OF
ot her nmeans of renpvihg the heat of polynerizationto . )

reactor 32 is purged of air and moisture. One skilled in the art will recognize

proper assembly and operation.

[00100] The reactor 32 is preferably designed to deliver good mixing of the

catalyst and monomers within the reactor, good turbulence across or within the

heat transfer tubes or coils, and enough fluid flow throughout the reaction volume

to avoid excessive polymer accumulation or separation from the diluent. Other

reactors that may be utilized in the practice of the present disclosure include any

conventional reactors and equivalents thereof capable of performing a continuous

slurry process, such as disclosed in U.S. 5,417,930, herein incorporated by

reference. The reactor pump impeller can be of the up-pumping variety or the

down-pumping variety. The reactor 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 cmbodiment 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 wit%,

or greater than 30 wt%. In another embodiment, the feed 28 can contain from 3




mai ntain the desired reaction tenperature, inlet neans (such as i nl et pi pes
at the termni of lines 28 and 34) for nononers, diluents, catalysts and
oxygenate (conbined or separately), tenperature sensing neans, and an

ef fl uent ‘?Joglllf%“\‘/ out fl ow pi pe which w thdraws qu %H%Eoosﬂéﬂ-éie”t and
unreacte rmnorrers anong other things, to a holding qruntor quench t ank

(not shown). Preferably, the reactor 32 is purged of air and noisture. One
skilled in the art will recognize proper assenbly and operation. [00100]
The reactor 32 is preferably designedyto deliver good mxing of the

catal yst and nononmers within the reactor, good turbul ence across or within
the heat transfer tubes or coils, and enough fluid flow throughout the
reaction vol unes tot50 vakair droeddesd to S0 patymmomeanoudeniaibn basedon tiepar ation from

t he dil uent. t%}helghtoFaCt %lsd]tlue% é’na{%%n&’éa:tali's?ed in the practice of the
present disclosure’inclu i“Ohal “réactors and equi val ent s

t her eof capakiP@L0gf peﬂfh@rrmcngl amdrblnns e dssucls [that dysirplo ¢apsiatusaich as
di sclosed in \Jesﬁlr dg\%gdﬁaéaeomm@?ré %ff&n‘;@fé%eﬁﬂglﬂtﬂﬁq eé&){on E@Juﬁﬁ &nge- The reactor

punp |npeller canb e up-punping variety or - punpi ng variety.
The react or SEU@awtC@@ﬁt%rwugmw ﬂ%ir@#ﬁolywdmlgg@ﬁd@bﬁ@i ch@ﬁtﬂamaf/@bt effective to

catal yze the ﬂ@'n%ﬂ?n{lélzféefdls%hnpis i E%mﬁ'l%&%ﬂé@inn&lﬁ;"ﬁe%'o@hﬂ}QmBﬁﬁgwl&Er eam such
that a sufficient anount of po Ravi ng desired characteristics is

produced. The$ p&EHely geativegHa %ﬁﬁ%ﬁvw'ﬁ&ef S5 PERPREZHO} BRI4YIORo dFrer
concentrati onxgh@at 8r sddhaRmbodvhdhs RS egbndRert ed L3t plefordiygbin G the

nononers, diluent ate and cata yst)... preferab r than 15
W% 20 wi% IEERIIE, frccgfgf’é?se‘é‘{cgf“ T 3"‘6‘} {fm‘h’? a‘l"dlob'ﬁﬁ(% %e‘g“‘é@ﬁgm ment, the
feed 28 can capgeaites, fqlurﬁm@n\dﬂngm{lﬂﬁxﬂmﬁhcl?@:/ HS2 0084, 0445 8kanc30 wt%to 50

w% or from 30 wt % qoncent r.at ed OEast he total

to n
wei ght of NoNoONer tahy C1‘gu mc yl mc'c%)gar'%a?th and a%ta?)aTlho en_cTﬁ@TB‘i The reaction

condi ti ons ca:rthebe)xsgsmd\ebt hantaunt%basasbktehtaerqh@hd‘é umcé the plreessﬁmeveand resi dence
{ime are off sehie o R 81 Dl (G NGAGH QB HELHM N LEey |figul d state and

to produce the desi red p ners esired characteristics. The
mononer feed-okfnisanemieg Hysvaighb otk IH}PI@E@SE@ﬁh@daW y11$r1@@11@f12 anyrei mpurity

- which is ad fé%lynstq@s%ttma\a%w hdt 1&@%9@@%' Vi bordd3RE embilEmBR! waer i zat i on
conditions. For _exanmple, in some enbodi nents, the nononmer feed 28

preferably cdfirpiies %lﬁé‘*ﬁ%ﬁﬁ Ig3s|than1P QL0 B’Pp%é@e‘@l%l‘éhélﬁfe‘a@lyc'%%é@ai‘ c), and if
they are not sgseghpas peddivlPhds€ehan 250 wppm, preferably less than 150 wppm,

preferably less than 100 wppm, by weight of the monomers supplied via lines 10
and 12.
[00102] As is normally the case, reaction time, temperature, concentration,
the nature of the reactants, and similar factors determine product molecular
weights and molecular weight distribution (MWD). The polymerization reaction
temperature 18 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, efc. The temperature
tor 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 vet
another desirable embodiment, the temperature range is from -80°C to -100"C.
[06163] In a preferred embodiment, the polymerization temperature 1s

within 10°C above the freezing point of the diluent, preferably within 8°C, 6°C,




oxygenat es, sul fur-containing conpounds (such as H'S, COS, and organo-
nmer eaptans, e.g., nethyl nercaptan, ethyl nercaptan), nitrogen-containing
bases, other oxygenates containing bases such as al cohols and the |iKke.

However \g@g&ggﬁ%feed 28 may be |ess pure, typicallyr‘},rzﬁ?:ﬂ’S B{éﬁan 95%

based on "efini c content by wei ght of the no upp ied via
lines 10 and 12, nore preferably not | ess than 98% not |less than 99% In
preferred enbodi nents the inpurities are present at |ess than 10,000 wppm
(by weight), preferably less that 50Q wppm preferably Iess than 250 wppm
preferably |l ess than 150 wpopm preferably less than 100 wpopm by wei ght of
the nononers supplied via lines 10 and 12. [001021 As is normally the
case, reactiOﬁcprcan1ﬂem&s&&kﬂb&u@¢ﬁhcﬁhmnmh&ﬁn the nature of the

reactants, Iy Iar factors det erm e uct melghts and
nol ecul ar weﬁ@%@’ i striBUECEH Ry © gﬁ%#)ggtﬁgﬁLﬁ%gc Fon
tenperature |st¢nmadmtmtDWPsshemmbdahasadfhm1Ih%amaﬁgéﬁhﬁoﬁvner nmol ecul ar

vei ght and t o RPOATBRo 44, RGn DAY WIRE | B%eE SrohPhob kPF 10 30ANEA ot OCESS

vari abl e econom ¢ cohsi derations, e.gd., nperafure contro
etc. The tenﬁ@ﬂéfv@éﬂoﬂbmiﬁﬂe7é5¢Vﬂﬁ?k&aﬁpmﬂoﬁgdwé@§P%H@ﬁ“®@$apreferably

bet ween -100@%6@41%{1!%6@9{0 1&%6‘&@@%&%@&%&%0'0@0 RRE oeRRRdI ment,  and
from-25C to -120Cin anot mbodi nent. I'n yet anot her enbodi ment, the

pol yreri zat o’%ﬁopéf%@réé)cogﬂ(‘éam@hﬁ?wwmﬁ@@ to -100C, and from-70C to -100C

in yet anothepo@spodi NRAkoihek BudRkmend ML iR@ktoESInk @@\lvié‘ 28000di RNt , the
tenperature range is from-80C to -100C. 001031 In a preferred

enbodi nent, tREPIHN PP PERLT SR RGIE"TS Vlavx‘i“ﬂ%érfn <l5G%e the

freezi ng poi ndiead id 44 ofdek ﬂﬁﬁtplebcﬁibetf @fl(ﬁllﬁ{ Mﬂmdlﬁhhgl’hmm 6.0 soMad2008/ 118577
PCT|U52008/05 8 f the

0]
BT vone L 00 a0 a0, A e nd Qb S D e S hB R 54 050 K i
one enbodi mentzl{ whgeeion appRatus.singret mbhbr cwdvodiomayt (nashofvmpie¥iskéd to 12, 000

kPa, from 1 Pa t0. a kP 0 : n 200 kPa to
1200 kPa, frg%fkﬂgﬁ:%5%8?22?gb%m%Lgﬁh%8%ﬁ$5ii%%m%%glggféﬁg&£$ggn120 kPa to
70 kPa, fronuA@%mﬂavhﬂEGBQHKP&ﬂ\ﬁﬂbﬂﬁb@@@hMPEOfdhﬁmﬁﬁﬁ@ﬂkﬁémﬂﬁronl3000jkPa

to 10, 000 kpetnotgﬁov;rn) Qﬁ‘a m%atgpﬁ 1L< B@n&e@ v@ti]QlQQeéﬁl?ﬁoanerQEméd ﬁéﬁ*&%ﬁh ment s.
[ 00105] "I n anot her énbodinment, the initiator 22 and Lewms acid 24 are pre-
18 before injection to the reactor 32. Desirably, the monomer is not contacted

with either the Lewis acid 24, or Lewis acid 24 combined with initiator 22, before
the monomers enter the reactor.

[00106] In an embodiment of the disclosure, the initiator 22 and Lewis acid
24, with or without oxygenate 26, are allowed to pre-complex by mixing together
in the sclected diluent at temperatures between -40°C and the freezing point
temperature of the diluent, with a contact time between 0.01 seconds and several
hours, and between (.1 seconds and 5 minutes, preferably less than 3 minutes,
preferably between 0.2 seconds and 1 minute before injection into the reactor. In
another embodiment of the disclosure, the imfiator 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.

[00167] 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 generafly will be between zbout a few seconds and five hours, and




conpl exed by m xing together with any oxygenate via line 26 in the sel ected
diluent in any order for a prescribed anount of tinme ranging fromO. 01
second to 10 hours, and then is injected into the continuous reactor 32

t hr ough q¥& g%%§ﬁ nozzl e or injection apparatus. q,*ﬁkagg 4gﬁr
no

enbodi nmen Shown), Lewis acid 24 and the initiator are added to
the reactor 32 separately, with or without oxygenate via line 26 supplied
with one or both thereof. In another enbodi ment (not shown), the initiator
22 is blended with the feed nmononers;hn feed blend unit 18 before
injection to the reactor 32. Desirably, the nononer is not contacted wth
either the Lews acid 24, or Lewis acid 24 conbined with initiator 22,
before the nmﬁ@mgb&wenmmomuhemr@Hmmoms Y@ﬁ&@ﬁ@ﬂmmmmgmemhmdﬁment of the

di scl osure, mc cf[ Whé m%%gmer d%genl’rq‘ggd %gt oq ratfz; anthhte honJalIVMeach)Ut oxygenat e

26, are all owe I'n" the selected dil uent
at tenperatune@nbetmeen -40C and the free2|ng p0|nt tenperature of the

di | uent, V"'”}cﬁ0§10”ta 3etcatg?stteﬁé\»4@§@d)q &QQ%Sut@lE'&Ii mwtﬁabc hours, and

bet ween 0.1 seconds m nut es era | ess than 3 m nutes,
preferably b@PW@éfrlpﬂ@l ip this et rf@fs“éﬁ%ﬁt@mﬁiﬁﬂm@ém@@?ﬂd?‘éﬁcihﬁﬁi é8dhi BnfA nto t he

reactor. In eamglmrm&mmﬁibﬂan& cddlyst Ro @lbﬁ%b@mro@@o bhg thdtafdeaor 22 and
Lewis acid 24, with or wthout oxygenate 26, pref erabli‘mnth oxygenat e 26,
F

are al | owed t230%iodo0bppebanothsy desinebln gmqdiaaoh dhe molariHie L LPRE Y di | uent at

t enper at ur es (hatimeen FGP0ans 16, o1 50E,0. PR Cahd YebBtoRRAtdH6r dad - 98C.
[ 00107] The qverall residence .t

reactor 3 n var dependi ng
upon, e.g., dﬁpﬁpfgﬂmdgF(WF%Wmﬁwnﬁ@Hﬁ%@Eﬁ?ﬁ?paﬁfE%ﬁ%ﬁﬁ@Pp@oﬁ%%ntration
feed injeCtkﬁmmﬂmmenODﬂﬁdumeDﬂmmatﬂﬂyméaﬂﬁhQ@kﬁ&ﬂﬁﬂﬁ&ﬁU%éMO@ﬂd desired
nol ecul ar wei ght., and general | veen about econds and
five hours, aH%”V@f%ﬁﬁﬁﬁﬁf§§7fﬁé@$fﬁ§é%§§?§§ g1y meﬂn?m%§ bet ween
about 10 andlﬁﬁwnhmume&nmmamhahheﬁwnnﬁhmewahngﬂw&smﬁém@emﬁﬂﬁﬁo i ncl ude the
mononer - and %ln%?en ol@rﬁige 6191nﬁf§1 05 Q)pﬁ&ﬁto%% ﬂqﬂol%gﬁ?ﬂ&%(ﬂ% hitfa ?‘Ct or vol une.

[ 00108] The cataly WS acid nonormer outilrzed wll be those
conventional [PH6%hi s éh@hﬁbﬁﬂbﬁmbbéﬁﬁﬁbﬁvcuﬁﬁi9ﬁé}ﬂ&deGﬁm@rd€esses such

as, for exanplifind@ FRLAL THVROTRE F00 @a&a%afﬁﬁel ﬁ} i@ Jfr&mﬁp%@o 10000, or
in the range of 2000 to 6500. In yet ano esirabl e enbodi nent, the
mol ar ratio &EsipERyiE thiragee of 4000 to”"1000 kg of polymer per kg of catalyst by

controlling the molar ratio of Lewis acid to initiator.

[00110] In one embodiment, the polymerization of cationically
polymerizable monomers (such as polymerization of isobutylene and wsoprene to
form butyl rubber) comprises several steps. First, a reactor having a pump
impeller capable of up-pumping or down-pumping is provided. The pump
impeller is typically driven by an electric motor with a measurable amperage. The
reactor typically is equipped with parallel vertical reaction tubes within a jacket
containing liquid ethylene. The total internal volume, including the tubes, is
greater than 30 to 50 liters, thus capable of large scale volume polymerization
reactions. The reactor typically uses ligmd ethylene to draw the heat of the
polymerization reaction away from the forming slurry. The pump impeller keeps
a constant flow of shurry, diluent, catalyst and unreacted monomers through the
reaction tubes, A feed of the cationically polymerizable monomer(s) (such as
isoprenc 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




toinitiator is fromO0.5 to 10, or fromO0.75 to 8. The overall
concentration of 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 Wﬁz‘?‘ﬁ 83§771‘rom 50 to 3000 wppmin one enbodi $20 sfﬂ:?isgﬁter way to
descri be the amount of initiator in the reactor is by its anount relative
to the polyner, such as, for exanple, fromO0.25 to 20 noles polyner/nole
initiator, orfrom0.5 to 12 nole polynmer/nole initiator. [00109] Catalyst
efficiency (based on Lewis acid) in tfe reactor is maintained between

10, 000 and 300 kg of polyner per kg of catalyst, and desirably in the
range of 4000 to 1000 kg of polynmer per kg of catalyst by controlling the
nol ar rati o othe keembrsthadicd of mmodonictsiaad otalys( 80 1ded kacoonet caerdienent , t he

pol ymeri zati o LY, ol rizab ch.as

pol yneri zat i on o?cul%gté %rﬁjﬁl e Séuﬁ Olf)ség%rrngn k'%s H’?@ nﬁbat&% Fi Bhber) conpri ses
several st epssolidiin gt slugy rlle\as@tconccmaﬁbmgf fronp¥h %itingbtdlér Fmalhfdthlee of

UP- pUMpI Ng_Or AR RUIRRO S| MoRLLY! Al TALEr RAHIRD o TRAL Loulny t YPI Cal 1y
driven by an ectric Hotor Wi th a measurabl e anperage. The reactor

typi cal ly is lgguihgparuisingeisizatawingihe fued ehagsng tp eainycoius ¢ppeButiREt hin a j acket
contai ni ng | iguicehighdiy |sﬁ:'ﬁ‘§« pohd@rit@bal ARLQIRAkY %leU;EFEgem' Mehiddeteng the tubes,
is greater than 30 to liters, thus capabl e of rge scal e vol une

pol yneri zat i ofFProvespis IPB’H%Sb mm%um@aefi‘ﬁ%t%u 'HdF‘l“(j‘“&él“@sratF PHRAMMEL hyl ene to
draw t he heatsgf ddphﬂtlonp@l{ YR Feh@t vall, MEACHInGR aM@yesf EQmotqhﬁldV@r mng slurry.

The pu i npel tant flow of sl ent, catalyst and
unregc{rgd %H@H@l:eg E‘Eﬂbﬁlc gf? Mt on P%bé‘g‘y E&X]Ta@ 3?011{9“@0061“ )(;nl cally

pol yreri zabl eanrmmoasfaﬁoq)sﬁex (asmmhlaam i ﬂﬂp’éz&‘ﬂ)ﬁé aanﬁt-amembw yida€me)sfarn a pol ar

di uent with Esm?ang‘dpn 19: s%‘b gooalgq allowf 0c1 nq wit] (T)s umng 0\%% lgcolléaclorhe cat al yst
is then charged At 0 Feact “he catal y St Lew's acid and an
initiator pre“seqittaninglmamhmlnahltmatceo of from 0.50 to 10 0 Wthin WO

2008/ 118577 R 2008/, 04281 4; %r?‘t hLPelE: fe Hncfyponers and
catal yst are- [é%/ %ﬁed o contact ohe anot ﬁﬁ}o%e ﬁ%ﬁroeeaegﬁogn e{Elr)lous formng a
slurry of poltynerclisgiech aarolyisnbytylenaityipesmy poltmer diuiy] trifber) Sbsit ibs 2§ n t he sl urry
have a concenfdi@hiaPReidht disu@mid oVl 5% ¥ Odnd0an Ehélﬁllaln}ém of i6m thus forned
polymer is allowed to exit the reactor through an outlet or outflow Iine
whil e si nul t divelus? Poks Pﬁvﬁoﬁg“‘tlfh@f neRsEneE habigPreguet dray Saesiered e hus

consti tuting subsBuesalobHdOMSo SHdH & YalPRhyteEiukyd albb@n. Advant ageously, the
present discl osure

INDUSTRIAL APPLICATIONS

[00112] The polymers of the disclosure provide chemical and physical
characteristics that make them highly useful in wide variety of applications. The
fow degree of permeability to gases accounts for the largest uses of these
polymers, namely inner tubes and tire innerliners. These same properties are also
of impeortance 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.

[00123] 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,

[00F14] The polvmers of the instant disclosure are also useful in tire




i nproves this process in a nunber of ways, e.g., by reducing the rate of
polymer film deposition on the reactor walls, heat transfer surfaces,
agitators and/or inpeller(s), and in the outflow |i ne or exit port, and
ul ti mat el L g the anount of polyner accumul ati eactor as
measur ed‘%?lgﬁg/ Jt]/r ansfer resistance increases so ad Bdsgqo%}gw Eflonger runs
w t hout shutting down the reactor for cleaning or ot her mai nt enance.
100111] In one enbodi nent, the resultant polymer from one enbodi nent of
the disclosure is a polyisobutylene/igoprene polyner (butyl rubber) that
has a nol ecul ar weight distribution of fromabout 2 to 5, and an
unsaturation of from 0.5 to 2.5 noles per 100 nole of nononer. This
product may belesuibjadted dompomdbsmqyitemnshaslc@gsmt (thramctbmtiea‘ ord a

hal ogenat ed bugéllzoﬁigrgis{aﬁce ch:lﬂl CATI O\ISTL ]%Jr Tlht%epol ymers of

OT\IWtAPPC{_a aranc
t he di scl osur®°provi 841 “"aAd hh | ERF ¥ CHiar AcPer Tt Pcs°t hat nake

them hi ghly w&efoulrc imay vilsdebevidenided. yPufpclapmrmmlattdl blesds \«Tittehigh avendegr ee of
permeability 1'E|93b93§a?§x H;e ﬁ%e&:tc% cfoﬁ)crnu;ty 1el|d %‘%@éﬁ sid&Fls. Oim r%ﬁ‘l%nts pol yners,

namely inner tubes an i nnerl1ners. se sanme properties are also of
i nportance i rn gk sSEOUs mcbn%bkl(bnw«fmm and pdy frggsion aiithoud edrppsemisesae cunul at or

bags, and pm@famf;%ﬁsm@é aife] REMECRsi e %Pﬁfeﬂ%ext&%ﬁ%e' liky c@f pthe pol ymers
of the disclosure make themid ? bbér tire-curing bladders, high

tenperature eymplighed hbw thed??&’“@lfrﬁf@&?élistaﬁbqlﬁc@swfér hot material handling.

[00113] The pednsErs Q?i@idpbitth@b&ﬁn&@ﬁﬂh@giscﬁ&kdmhﬁﬂﬁhé#ﬁbﬁlh’sﬁbYesiﬂﬁOad danpi ng
and shock absorption ranges in both ten:\%\ erature and frequency. They are

useful in mol®etff JB‘b'é’Pgl‘ﬁ%fP$ ST HI6eF FIPRIUNE o GBI RaPBHY A At orobi | e
suspensi on bumﬁﬁpolﬁm;@leee(hrau&&n ﬂnangﬁnsuh 3mciaobzadyon@ﬂm§osmyl[eﬂeo114] The
pol ymers of the | dis sure .are a re WD, 2008/ 118577
BT Us20081 o8BS Sy eaidiinii TR P PR ot e s TRl s, ¢ he
pol ymer char alct ey p1$)t€l‘=£}lbfel mplaﬂrmoplzgomdaohmgn@lurpesmst”élmcl&) iyngrsacktheut growt h,

and appear anG& ’tanﬂzl qcl@? gnr%.gsal?oh b%] nd %&tlhog Ll'}{jag i Yt0 r§&?lcp)e( tl#%l‘).ended

Properly f or mul a I ene ber st it phase
co-conti nui tyll(&pﬁfehlapé)c@@nhent Si dewal | s. Inprovenents in wet, snow, and

ce skid resigaees angd jofulhyof HRCHIQR MdAdO mEOTRY 4B 86PN abrasion
resi stance and rolling resi'stance for high performance tires can be
adhesives, caulks, sealants, and glazing compounds. They are also useful as

plasticizers in rubber formulations with butyl, SBR, and natural rubber. In linear
low density polyethylene (LLDPE) blends, they induce cling to stretch-wrap
films, They are also widely employed in lubricants as dispersants and in potting
and electrical cable filling materials.

[00117] In certain applications, the polymers of the disclosure make them
also useful in chewing-gum, as well as in medical applications such as
pharmaceutical stoppers, and the arts for paint rollers.

[00118] The following examples reflect embodiments of the disclosure and
are by no means intended to be limiting of the scope of the disclosure.
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 rmun at 1200 to

1600 rpm. The reactor was also equipped with a thermocouple to monitor the




acconpl i shed by using the polyners of the instant disclosure. [001151
Bl ends of the polyners of the disclosure with thernoplastic resins arc
used for toughening of these conpounds. Hi gh-density polyethyl ene and

i sotacti opyl ene are often nodified with 5 to 9
pol yi sobﬁ’f‘g?‘l"%@fs P]I n certain applications, the inst ant%q ?@?@mpr ovi de for

a highly elastlc conpound that is processable in thernnplastlc nol di ng
equi pnent. The polyners of the instant disclosure nay al so be bl ended with
pol yam des to produce other industrial applications. [001161 The pol ynmers
of the instant disclosure may al so be used as adhesives, caul ks, seal ants,
and gl azi ng conpounds. They are al so useful as plasticizers in rubber
fornmul ati ons twhpdiardrtbithe reSlBiR comends. Nat I:H’aétbr wasbbcedfd to tha dbsimé@actichow density

polyethylene LL DPE blends he n films. They
are al so mnde%@péﬁ% 8y &gngin & r%%gﬁ §B%§H fogg?ggﬁ%gg%ﬁﬁmm%ggottlng and

el ectrical cabhmmhﬂﬂhmﬂ@mﬂabe¢hal§hcﬁ@@@mﬂmOEWC&GWﬂaWhmaﬁphb@ht|ons t he

p0| ymars of t\\t']a% cgltrsoﬁl Usau'-re hep];;[dlhd S i1 ﬁ% (PCO%&L?J\AH h tflcqrca,cng\/\ilnptgmgum as wel |
as in nedical applications sucha h pers, and the ails

for paint rolxi.eeafcmed[aOIIﬂ)ﬂCBénd‘Eb@cdmlalnomgmgttmosamvé laﬁorcmﬁ:l ect enbodi ment s of
t he di scl osur ar.e b e f t he scope of
t he disclosuﬂ§¥§HEXAwﬁfE Fﬁb@gﬁﬁsﬁ%?p%%?ﬁggfbgﬁgnﬁgyldﬁrﬁduc¥ed in a

Iabpratory-sd&ﬁb“@UnﬂnWMbnsm%neawtaﬁsdbms@ruuﬁeamokﬁsmaﬂnméggssteel_and
desi gned 10 RGhhe bl BEEQMIGE.QB Rhveq TRNOMEA AR ARk oy eeds as vel |

as the continuous Fenova (g yner pro Xin provi ded by a
t hr ee- bl aded Honpaitdrestivetpuratied clderidg wes diieq by dhy additienctl tagipfalumipem dr i ven by an

external el eg} 'ﬂlechqmtzﬁ)rlow Te'?t%eﬂmtcpﬁnd%@ec‘id&ﬂtlﬁ@lm;}@m% 916’{11}16(91%1 fapm  The
reactor was al so eq U|Pqe with a thernocouple to nonitaor the WO 2008/ 118577

PCT/ US2008/ 05rEgsHiis sgiglignadeiittofing 2pf PERRIG: ééés%%ﬂ&%lfﬁ%ﬂl@%@ 134 reactor was
cool ed to thengeshregigeeas] k@ dricl 8FPEKAL UetaDiirdupiBFSisRBIdkhedssenbl ed
reactor into ent ane or_$sohe ane bath in an K&éxé @# ighere gl ove box.
The t enper at PRITBE CEHENES 74 AEHYOTSERPEOR HRPI 000 SBIEFOR &d to  2C Al
apparat us i n liquigus te g Bt Isopici: (ANRichoes itlon diveRi pivr teseer oied ed  at 120C
and cool ed i nas ?‘eccg!.fédr qg%lrgmea ;[varg) C%th eJ t% tl?tzelLfglrbglcrlJ R& at 2.8 mol% with respect '

to isobutylene. HCI solutions were prepared in either methyl chloride or 134a by

dissclving gaseous HCI (Aldrich, 99% pure) into the condensed liquid at low

temperature. The concentration of the HC! in these prepared solutions was

determined by standard titration techniques. In the examples below, the diluent

composition referred to as the “blend” is a 50/50 wt/wt mixture of 134a and

methyl chloride.

[00121] The slurry copolymerizations were performed by first preparing the

monomer and catalyst feeds. The monomer feed was prepared in a glass or metal

reservoir and compnsed 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. 1isoprene was also




[ 001201 | sobutyl ene (Mat heson or ExxonMbil) and nethyl chloride (Air G@Gas)
were dried by passing the gas through three stainless steel colums
containing bari um oxi de and were condensed and collected as liquids in the
gl ove rnatively, nethyl chloride was dried tion of
trlethyla02 néﬁnﬂto the liquid at | ow tenperature ar?gz sugse/g%gér}tly
distilling the nethyl chloride fromthis solution under its own vapor
pressure. 1,1,1,2-Tetrafl uoroethane (134a) (National Refrigerants) was
dried by passing the gas through threg stainless steel colums containing
3A nol ecul ar sieves and was condensed and collected as a liquid in the

gl ove box. Isoprene (Aldrich) was either distilled prior to use or used as
recei ved. IsammngmMmsimhang@dntoﬁmmethﬁmmﬂéndmeedoammﬁyﬁwmnkﬂbmﬁth respect

to isobutyl CNEeqs l_\lyg:ere %19'11&} d\l\% EFYEQE?EQ%r ét% I‘e%&tgg]ggn}ﬁ hleﬁhl oride or

134a by di ssOl Vi ng gaseou us ure e condensed
liquid at | oviydtoesrper Bt pethe Biee daoncé’nbfrramdgmbofl npctley] H@plltﬂanGrhese pr epar ed

soluti ons was.deLerm NeoDknal ANl dnblt 3 n-LeRRRGHERonsl the exanp! es

bel ow, the dlcl uent conposition referred to as nd" is a 50/50 wt/w
m xture of 13442 enibic bim\mvcr c«mﬁmcéqduaa@rca{tmqurh@f HPYr vy’ Cc%;%cﬂ ymeri zations

were performag.pye bi Qiﬁﬁnor?ﬁ‘ it %515(199 ARS, hIRAPEBRrAThebahalaY Rlvefcgeds. The
nononer feed was prepared in a glass or netal reservoir and conprised

i sobutyl ene, 38w pepE o pREIGH) BRI gey BitmREATa PSTvecs eI 228y ot her

oxygenat e. Atﬁ@-ﬁ@bt&fﬁﬁmf‘t@@d W@&ccﬂfo@ﬂ@ﬁ&ﬁoﬁsmﬁler@a&gbn B}Omﬁﬂoyﬁm{gl gation in a
separate reservoir. he Cﬁ’é gst feed was ‘qude ar ed addi n

a
pr edet er m ned*@¥SuntT Bfw‘ra YRS E¥MY ‘a?"‘ﬁ@cf? (afa?oﬂg%tsol ution of
et hyl al um nurﬂxitﬁhahnhlowemﬁaat(]EABEﬁ)eeland egatar @ﬂ@hﬂe}ﬂ)aﬁﬂto(ﬁ’c@ﬂm e axygenat e. The

EADC/ HCI  nol ar rat.i ca r 3.0. [00122]
An initial mcnza?@“ acm\pfglénura ité’ro][mpy’)rn(‘anpar@ naln’dthc tcmpcr |n‘f[eo twﬁﬁ reactor for

t he purpose o»faqucb\metdi tngidt ih echioyingrier pohaneirionion ltﬁrmperﬁ‘wee f@tgnfcedrﬂdiﬂatll on of

nononer int 9 ne was al so
WO 2008/ 1185%%]9%%§%83§P1 q@%ggwﬁ%g Y}%?ugé%ef ?gﬁglﬁécg?%ﬁm%@g Elf?mnorrer feed
at 2.8 nol % riél axijuies afsr jtholigieydne pemmenedd efidended \er &e clhimatie ofo t he sane

tenperature ggeddicied E@?&Q'rpaHﬂeE‘@1M%aﬁlbiei)l atle _rJﬁWsQGxﬁan&fhnlaﬁﬂlQ of the glove
box. Pol ynerizations in met | ori de were ~ conducted at a reactor

t enper at ure dhongmeLteed g de IB@WOPO‘IV%Fn%‘P?Uﬁ'ﬁ@ joppyatilj the desired amount of

monomer feed was consumed. Generally, the average monomer conversion in
these runs was better than 75% and at times as high as 95%.

[00123] At the end of the run, the contenis of the reactor were emptied and
the polymer film on the wall of the vessel below the vapor-liquid interface was
collected, dried and weighed. The total amount of polymer produced during the
run was also collected dried and weighed. A film ratio was then calculated for
each run by dividing the mass (in milligrams, mg) of the wall film by the mass (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; EbO = diethyl ether; DIPE =




134a or the blend were conducted at a reactor tenperature of about -75C f
3C. Near the beginning of the polynerization, the tenperature of the bath
was |owered a few degrees to provide an initial difference in tenperature
bet ween e nd the reactor contents. The copol S were
begun bygﬂ%?gg%@'ﬁng the catalyst. The catal yst floﬁﬁggﬁgﬁagggﬂontrolled
to provide for a constant differential tenperature between the reactor and
the bath to achieve the target polynerization tenperature for the tan
Optionally, the tenperature of the bgth was lowered to aid in achieving
the pol ynerization tenperature target. Addition of nononer feed fromthe
reservoir was introduced into the reactor approximately 10 mnutes after
t he reacti on diapreppicatct;eMik enaanyl Ryt keeont or3matilom , bictrafpioeeihpict at ed pol yner

ticl I I Th f eed
"n the 1 aser viTo SBERLREEE Birtae DR E MR BT Monomer 1 eed

was consuned.iscBsplenaal | y, the average nononer conversion in these runs was

better than %ééﬁ%% 18 times as high as 95% ]001231 At the end of the run,

the contents actor were enptied and the polyner filmon the wal
of the vessel[{i(ﬁéﬂow t Ranvigpesr 19 ghivd theneféeet alcan washo! edditivecnede dried and

wei ghed. Thenl; d@é@a&eﬁ] @Lwapé VB RLRIYGEed: AUkl Ehgal%sh%edrﬁ&l was al so

collected drie I mratio was then cal culated for each run
by divi di ng tslﬁi’éesrifa%aé’f 3(1i1 di o ?%?aﬁ'r?é]dedrﬁggaﬂﬁfoxl’gﬁéat%éml 2 COPRAVE he mass (in

grams, g) of c;czhﬁalésm@n gdmunt safapol- mle%@@hﬁl&ﬁiﬂnén& dthge eyt i ment. The
film ratios presented bel ow have the units of of filmper, g of polyner

pr oduced. TW@CB%WhMﬂdpnﬁﬁﬁﬁmé%ﬁﬁﬁﬁ@d?@bPE@@ﬁPCPﬁ@mﬁVéﬁh 8 1%fs at | east 3
pol yneri zat i Qéssns aondtuecisedn wthlitthe redy, kespardiinPaldd | uahihoandn Oor gani c
oxygenat es at e specified concentrations. The data for average nonomner
feed rate an&%% erage wall film ratio were calculated as a sinple average
for the totalldnasiber Ghe cument cdndbatyied: ated it hiat moondi tiedrfor REO124] Ter s

used i n Tabl nd.2 and. FEi re,defi . faol. : = net hanol ;
' i o i nd o RPOE G raf B Sud i RR e LGB lBET,

PCTIU82008/05458&duembhﬂt§bp®@p¥hﬁ@@wgmsmNEKEEﬁW%EhymeﬂthﬂWétone 134a =

1,1,1,2-tetr %ﬂl HEY xQEEtdIHQd']t%r paqg}{‘r’;gqle gas [Ffﬁ‘-&m{ la dgsh(!cgr{t 'bg@as c@cﬁﬂ&'] 3'50\%0/ 50 wt/wt

mxture of 134a and MC = i sobutylenc.
The desiccant was not complctely effectlve at removing traces of methanol,

dimethy] ether and acetone that were adventitiously present in the methyl chloride.
The concentrations of these componeits in the methyl chloride were determined
by gas chromatography (GC). 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 total oxygenate concentration is listed in Table 1. The
methyl chloride used for Run Series 6, 8, 9 and 10 was collected by distillation
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.




Run Series 1-10 [001251 Run Series 1-10 show the effect of an al cohol
additive in the nononer feed where there are no oxygenates present in the
catalyst feed. Run Series 1, 2, 4 and 8 did not contain added organic
oxygenat Le conparative exanples. Run Series 9-10

repr esenﬁe%g%fsn@nts of the present disclosure and ﬁ%ﬁ@ts/rag ¥ that the
addition of organic oxygenates to the feeds results in a decrease in the
wall filmratio, as reported in Table | and shown in Fig. 2. [00126] The
content of isobutylene used in the nogoner feed for Run Series 1 to 10 is
provided in Table 1. The concentration of any added al cohol is provided in
Table 1. For the polynerizations in Run Series 4, 5 and 7, the nethyl

chl oride was dried by mw-r@xﬁglamtgawddhomhmarﬁeel ccant bed as descri bed
above. The degsi-cpant swes ot conplret-gl ti-ye—at—renoyping-traces of
nmet hanol , CIngghyfﬁ 1 Retonad a6t one gﬁl@é;;pr esent in

t he met hyl C;h_l':"_(_bl_’;'::de;. : [ M

chl ori de werle:det ermnec vl e hr onatiogr ( "\ T.pPO!mEB)tes det er mi ned
by GC for theslke orlé‘h*nl c 2bxylgenkl eg were uﬁed t(9 cal cl at e %%ne |t ot al
concentrati qm pfTHESE COIPOTEts 1M, the {inal sfegd prend;, fhe total
oxygenate cancentration is ljisted iln Tahle 1. The [nethyl chloride used for
Run Series 6, 38,| 93and 1 was ¢l | ectsdd |by0di stiol | atidon | f #Em I{i qui d et hyl
chl oride treated triethylal pmmuomr—Thi,s progegu T ETJVES
adventiti ous rf“'et ‘ﬁqem? dlhdrjret hyl et he;d'iand gcetoﬁ%. Th'greforgjgj tthe et hyl
chl ori de used SfOI’BtehIESG pwns| did not scontabn pny2 of these arigani ¢
oxygenat es untess_they were putpost e -y—added; ST i-categd-inTable L HFC
134a does not® co?‘ﬂe n t?iese ;%anl csgxyge at es. 6\/\ 5608/ 1f€§57'
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D | uent W %H-HH—Mromrer—Oxrgenate—ConcentrattoninF-t+m—SeHeg Mnoner
Feed Reactor W m Nﬁﬁ‘ci o] E%’rg FéEH Rat® Ncol Bt o% DVE ‘Acet ofE fill mg (_I/mn
pol ymer) 1 (134a| 2Rcill. 320 0 01é 99502 i13da P2¢18/9 O G 043 12.0

30 MeCl 22 16.8 5.0 0 6.0 1.0 2.0

Run Series 11-16
[00127] Run Series 11-16 listed in Table 2 show the effect of an alcohol

additive in the monomer feed when there are oxygenates added in the catalyst
feed. For these runs, the monomer feed contained 20 wt% isobutylene and
isoprene at 2.8 mol% with respect to isobutylene, and the average monomer feed
rate 15 listed m Table 2. Table 2 also identifies the oxygenate that was purposely
added to the catalyst feed, and the amount of that oxygenate as a mol% of the
EADC in that catalyst feed. The methyl chloride used for these polymerizations
was dried by passing the gas through a desiccant bed as described above, which
was not completely effective 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 resulis from their addition to the reactor.
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11-16 Ilsl\‘éf(sjé0 %ﬁbl e 2 show the effect of an al cohojpcjrﬁ]d%@t%%égll n the
nononer feed Wnen there are oxygenates added in the catal yst feed. For

t hese runs, the nononer feed contained 20 wmt % i sobutyl ene and isoprene at
2.8 nol % with respect to isobutylene,;gand the average nononer feed rate is
listed in Table 2. Table 2 also identifies the oxygenate that was purposely
added to the catal yst feed, and the anpunt of that oxygenate as a nol % of

t he EADC i n Tdbi2 cOraeyst Afldaldo MdwemartntyCataldt deedd €DibsetBlend) t hese

pol ynmeri zations was dried by passing the gas through a desiccant bed as
descri bed above, which was not corrpl etely effective at renoving traces of

0
6 1
Me
0

met han Mg . _1' hat—ar n._:::rl\lnn.f 4 nllcl \]I prﬁecnn in
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00 3.4 s 10.3 DIPE 10 57 1.2 0.2 0 10.3 0 7.6 _
16 9.7 MIEK 10 57 1.2 0.2 0 0 9.8 59
Run Series 17-19
[00128] Run Series 3, 5 and 15 above are repeated except that the methanol

is added at the same rate to the catalyst feed, instead of the monomer feed. There
is essentially no effect on the film ratio when the methanol is not added via the
monomer feed.

[00129] All patents and patent applications, test procedures (such as ASTM
methods), and other documents cited hercin arc fully incorporated by reference to
the extent such disclosure is not inconsistent with this disclosure and for all
jurisdictions in which such incorporation is permitted. When numerical lower
limits and numerical upper limits are lisied herein, ranges from any lower limit to
any upper limit are contenyplated.

[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.
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9.8 5.9 Run Series 17-19 100128] Run Series 3, 5 and 15 above are repeated
except that the nethanol is added at the sanme rate to the catal yst feed,

i nstead of the nononmer feed. There is essentially no effect on the film
rati o when the nethanol is not added4yia the nononer feed. [001291 Al
patents and patent applications, test procedures (such as ASTM nethods),
and ot her docunents cited herein are fully incorporated by reference to

t he extq@L§i¥§§ di sclosure is not inconsistent with this disclosure and for
all jur ons in which such incorporation is permtted. Wen nuneri cal
| ower | WWhatis Cdavehedsreri cal upper limts are |listed herein, ranges from any
lower Iimt to any upper limt are contenplated. [001301 Wiile the
illustrative enbodi mrents of the disclosure have been described with
particularity I . d £ j t i fi ons wll
be appargnt f%lgﬁgﬁgéﬁ %ﬁm%%%% ﬁ%%%ﬁﬁ%gg§0¥ﬁ%£g&§ﬁgl#@%cgﬁg{%éQQ% wi t hout
departing fromlyherizgionisystandcomgoipmgof the di sclosure. Accordingly, it is-
not intended that the. sc g@ of the cl agﬁgqge%_heret be. limted to -
the exanpl es and HBRYINSA HopLEeed g ‘T‘lc‘”ﬁ%lﬁ’ i FCDP OPR ARAYRE AU e | ai ns
be construed as encongﬁgﬁhﬂgnqﬁgﬁﬁagrfeatures of patentable novelty which
reside in the present disclosure, inéluding all features which would be
treated as equi vaI@m‘@mmﬂersepplybgg antdhede] wkihe pelyrienzaifrm mediutngnwhi ch t he

di scl osure pertains. f AINE g%a% istQIane Is: 1. A nethod to decrease
pol ymer deposition on rE% tBP U W@cggcﬁﬁyﬁ §F rry polynerization system
conprising: supplying a nononer feed and a catal yst feed to forma

pol yneri zation nediumin the reactor; concurrentl pg@{lng an al cohol to
t he pol yer i ZEeiapthadaf dam b, wherpiadbie alephol dne fpmo Ot‘h abyist f eed.

3. The method of claim 1, wherein the catalyst feed is free of added alcohol.

4. The method of claim 1 wherein the alcohol comprises at least 2 wppm by

weight of the monomer feed before being polymerized.

5. The method of claim 1 wherein the alcohol comprises an amount effective to

reduce film deposition up to 30 wppm by total weight of the monomer feed.

6. The method of claim 1 further comprising adding the alcohol to the monomer
feed.
7. The method of claim 1 further comprising adding the alcohol to the reaction

medium in a separate feed without monomer or catalyst.
8. The method of claim 1 further comprising supplying one or more
oxygenate(s), selected from ethers and ketones having from 1 to 12 carbon

atoms, to the polymerization medium.

9. The method of claim 8, wherein said one or more oxygenates has an amount




2. The nmethod of claim1, wherein the alcohol has from1 to 4 carbon atons.
3. The nmethod of claiml, wherein the catalyst feed is free of added

al cohol. 4. The nethod of claim1l wherein the al cohol conprises at |east 2
wppm by wei ght of the nonomer feed before being polynerized. 5. The nethod
of claim1l wherein the al cohol conprises an anount effective to reduce
filmdeposition up to 30 wopm by tota weight of the nononer feed. 6. The
nmet hod of claim1 further conprising adding the alcohol to the nonomner
feed. 7. The nethod of claim1 further conprising adding the alcohol to the

reaction  Tedl Ml R BOR EaLRES M bUOULAIRIATRLy G, catal yst. 8 The

nmet hod of clarm I'ng one or nore oxygenate(s),
sel ected fromethers and ketones haV|ng from1l to 12 carbon atons, to the
pol ynerization nmedium 9. The nethod of claim8, wherein said one or nore

oxygenat!®s hakhegnethag ghelam S, pharein toe oRfAs BPre Brugensieisy i ctérctive s
pol ymeri zat i qf)y of claim8, wherein the one or nore
'S e]Eerect I%&]ﬁ@@%‘é&%ﬂ

oxygenat e('s) ther decrease polymer deposition. 11. The
nmet hod of claim8, wherein the one or nore oxygenate(s) conprises |ess

than 5 t ot al i ght of .the meri zation nmedium 12, The net hod of
claim svﬁm%erfn?tﬁ@d gﬁ@gmﬂ ST e‘ﬁﬂétcg(rgﬁfe.%ygﬁ&m 5e<a>rwrtSﬁs Fhe
catal yst f ee@harﬂ-§wpi§ﬂ?o%ﬂ"%1@ft o?ﬁﬁ'ﬁ&yﬁerﬂaﬁ{)ﬁhﬁdfuﬂ? catal yst feed

conprises one or nore °‘Lew s acid(s) and one or nore-initiator(s). - 14.
The met hod of cIa|n113 wherein the catalyst further conprlses a weakl y-
r feed

oo 032! 09 R nod B ke s TR AR B ofe & Mol o VRRRT R Tt R T ol ot m

15, wherein &H@C@mygqgajconprlses one or nore hydrofl uorocarbon(s)
(HFC s). 17. The nmethod of claim 16, wherein the one or nore
hydrof | uorocarbon(s) is represented by the formula: CXHYFZ wherein x is an

integer jhromeh to.A0dY Naim?Ddwhele tﬂenéa‘%‘zﬂ%tsfe&f c&%n%s SR &t more

Lewis acid(s) and one or more initiator(s).

14.  The method of claim 13, wherein the catalyst further compriseé"a weakly-

coordinating anion.

15. The method of claim 1, wherein the monomer feed comprises one or more

monomer(s) and a diluent.

16. The method of claim 15, wherein the diluent comprises one or more

hydrofluorocarbon(s) (HFC's).

17. The method of claim 16, wherein the one or more hydrofluorocarbon(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.

18.  The method of claim 15, wherein the diluent is independently selected from
the group consisting of fluoromethane, difluoromethane, trifluoromethane,
1,1-difluoroethane, 1,1,1-trifluoroethane, 1,1,1,2-tetrafluoroethane, and

mixtures thereof.




18. The nmethod of claim 15, wherein the diluent is independently selected
from the group consisting of fluoronethane, difluoronethane,
trifluoromethane, ' 1,1-difluoroethane, 1, 1, 1 -trifluoroethane, 1, 1,
1,2-tetrafl uoroethane, and m xtures thereof. 42 19. The nmethod of claim
1, wherein the reactor is independently selected fromthe group consisting
of a continuous flow stirred tank reagagtor, a plug flow reactor, a noving
belt or drumreactor, a jet or nozzle reactor, a tubular reactor, a batch
reactor, and an autorefrigerated boiling-pool reactor. 20. The nethod of

claim1l, ergin_fil 8 -at i Ll mor

| ess perl%mof%%wg%gogg%ﬁc} ] %f%gg%ﬂlgq%ﬁér&gg%%p%ﬁaebﬁ}’ géleég%ﬁg}nn&l% ilmforns
in the react ogroap candising@fafcodtimmpus fllowmittred tesisrepetor, @ witig Polwnerdtof, or med.

22. The nmethod of claim 1, further conprising: recqvering a polyner slurry
fromthe react BOVINgdISH oA HY rea5t08 TI5heT DOZBLTCHG 0T 8 MU R ed BRCY ner

slurry; recwgb&ﬁgah@gngﬁgﬂﬁg%%gﬁg%bﬁﬁﬁgx%pﬁﬁ ononer feed; and adding

t he al cohol tot nononer met hod of claim 22, further
conprising: nonitoring alcohol content in the nonomer feed; and adjusting

a rate of the_al cohol addition to.t noner .feed to control. the
ot or eAfal BHIORBR L T O SR GeP e Bl Tl 4 BHO PEVRITTE 24, A
slurry pol ymefiing 8t le@be® $IrPPlynt? Thntedl Ng: a reactor adapted to polynerize a

pol ynmeri zation medi um conpiising a hal ogenated hydrocarbon diluent, one or
nore nononer(s) and a catal yst conprising one or nore Lewis acid(s) and

one or re Jdynitiataqr(s);. line a ted to |y catal yst t he
reactor?ﬂali e%ﬁ%ﬁﬁéﬁ‘%%“@hﬁ%? mﬁﬁﬂﬁhﬁ?“?dnﬁﬁgﬁ?égﬁﬁt?ré@bgfgfﬂ$y from
the catal yst filni &lessaid gadfipbRenerdidpicad to add al cohol to the reactor
separately fromthe catalyst Iine, 43 the alcohol addition |ine feeding

into the nononer supply Iline.
22, The method of claim 1, further comprising:

recdvering a polymer slurry from the reactor;
separating an aléohol-lean,di.}ﬁént from the polymer slurry;
recycling the separated diluent to the monomer feed; and

adding the alcohol to the monomer feed.

23.  The method of claim 22, further comprising:
monitoring alcohol content in the monomer feed; and
adjusting a rate of the alcohol addition to the monomer feed to control the

meoenitored alcohol content in the monomer feed at a desired level.

24. A slurry polymerization system, comprising:

a reactor adapted to polymerize a polymenization 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 hine adapted to supply monomer to the reactor separately from the catalyst
hine; and

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




25. The slurry polymerization system of claim 24, further conprising: neans
for determning a total alcohol supply rate to the reactor; and neans for
adjusting a rate of alcohol addition to obtain a total alcohol supply rate
at a desired level. 26. The slurry polynerization system of claim 25,
wherein the nmeans for determning a total alcohol supply rate to the
reactor conprises at |east one an o line analyzer or a flowreter. 27. The
slurry polynerization systemof claim26, further conprising a diluent
recovery |loop to recover diluent froman effluent fromthe reactor, purify

the dituent and v@eyfetfodliiRloRmeFalfll bHERE niBoblle HIMPHRL supply 1ine.

28. The slurry polynerrzation systemo e dil uent
recovery |oop conprises a fractionation unit. 29. The slurry

pol ymeri zati on s¥sten1of cl aim 25, mhﬁrein t he neans faqr, adjusting a rate
of al colot addhe lemy PElYGKTEAHOMSYSHA T SlatBrd: %EH]SE)ICS?mP‘é%‘Bg:aIE‘e%S Sired

level  conpriggsalink §a5th A8hoPbugbly Bk RE rdcloh-Oacont rol er.
means for adjusting a rate of alcohol addition to obtain a total alcohol supply

rate at a desired level.

. 26. - The slurry polymerization system of claim 25, wherein the means for
' determining a total alcohol supply rate to the reactor comprises at least one an

on-line analyzer or a flowmeter.

27. The slurry polymerization system of claim 26, further comprising a diluent
recovery loop to recover diluent from an effluent from the reactor, purify the

.+ diluent and recycle alcohol-lean diluent to the monomer supply line.

28.  The slurry polymerization system of claim 27, wherein the diluent recovery

loop comprises a fractionation unit.

29, The slurry polymerization system of claim 25, 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.




