1 POLYDI SPERSI TY- CONTROLLED | SOOLEFI N POLYMERI ZATI ON W TH POLYMORPHOGENATES
FI ELD OF I NVENTI ON [0001] The disclosure relates to new pol yneri zation
met hods and Rph YiEiis&Rt i on systenms using pol ymor phogenapespdosisised al yst
systemto control polydispersity or nolecul ar weight distribution (MD).
BACKGROUND [0002]Isool efin polyners are prepared in carbocationic
pol yneri zati on processes. O speci al irrpbrtance is butyl rubber which is a
copol ymer of isobutylene with a small anount of isoprene. Butyl rubber is
made by | ow tenperature cationic polynerization that generally requires
that the isobutylene have a purity of >99.5 w % and the isoprene have a
purity of >98.0 wWRALDISPERITIX-GONERGELER ISOOLEINNOLNERIZATIQR
[ 0003] The carbocati oni ¢ pol ymwitzeedorviORPHSO@TIRNATESNE and its
copol ynmeri zation with conononers |like isoprene is nmechanistically conplex.
See, e.g., Oganic Chem stry, SIXTH EDI TION, Mrrison and Boyd,
Prentice-Hall, 103ELDOFINVENJI@Mood Cliffs, New Jersey 1992, and K
Mat yj aszewski, e tionig. Po i zatd e Kk nc... New York,
1996. The catal yg(tmos stemlrﬁes d%%%%lr%@&cgﬁgyg\ggg{ l%ﬁéntzgv\agﬁcg%(gheﬁrtds: an
initiator and a PeWimerizagingsystE@anipk @slyaprhagiass dct erebishwpterée |nmal3 and BF3.
Exanpl es of i ni tig3keERstN6d ii@uiBrngt @drigsbdarwpeh as HCL, RCOOH (wherein R
is an al kyl group), and H20. During the polynerization process, in Wuat is
generally referred to as the initiation step, isobutylene reacts with the
Lew s acid/initi 3AKEROUNDO produce a carbeniumion. Follow ng, additional
nononer units ad the for! enl 1.ON; | ! erally called
t he propagation g(t)dgg] The%g&@g%ogﬁ%e%p{}%gfgﬁ}g{]gk%rbp_%grg& i%(r)llgrga%fu uent or
sol vent . Tenper atteessesdi Phanseialpmirartiney is bBivd ebghdich dhg wpelest ¢the
chem stry of propagajik@nwitih shies@ount BE isdhrbddenButiiSubigpisCaideybycRsi der ed
important. [0004] indust r.ég.haoﬁ gener al I}/ acp%pt ed vm'hde gr.egd use of a
slurry pol yneri z & P6HU GHELSPYYTSFHEL &8 B feﬂlﬂﬁéf,at% YPEEBt yI ene,
etc. Typically, thihe pplrgmef FPat won apt B espremxbansipnetyyofr9es wittayl chl ori de
at | ow t enperatur e nm an -90C, as the diluent for the
reaction mxture’ ﬁfg% 1111%/1? gglﬁcl%%ﬂyg%hfibg&gﬁn%%gy‘ed. for a variety of reasons,
i ncl udi ng that i10%83lssol vER tddbosrbpidirerdyeaigatian usl nisshukhor ide Bat al yst but
BOF | t he pO! Y{rert EB}%@H@ﬁ:{MiMKVhN|001?J_3Hoﬁllélis d@cle aiﬁﬁn@ﬁsnl&ﬂ&ﬁsﬁ@dﬂ?lc%fnﬁl@);i n?_ and g

oi ling points ermt, r ectiye ow tenperatuyre pol ynerization an
ef fective separ a%f"gﬁg'f %ﬁ%ﬁ@%&%@?@?ﬁ%ﬁ%@f@&é ﬁ@'ﬁoﬁfﬁ tégﬁﬁ\e slurry
pol yneri zati on pnokle®ss,i Enghebdly ClifthINewi thesenflPEr sndy KnuMdngaszevfskiaddi t i onal
advant ages i 0t ek RRl IBLGANGANLI Sl A0l NAPRIAX!IRL Sh &AL 0 37% by
volume in the reactl Xture can be achieved, as opposed to the
concentration of swihyis stpiselty @upesed QD] camBBIREY: (20 APiHETT pae? LoVdt POh. An
accept abl e rel at ig¥ghYeslo@VeVik 86RShde Aficit Ry 1Q] YRBEIE At n@AABSSudS obt ai ned
g e Mo o POLN TR 231 R S R SR S TR SRE IS Y Y

During the polymerization process, in what is generally referred to as the initiation

LeSt 1y

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

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

the polymerization process extensively uses methyl chloride at low temperatures,



[ 0005] More recently, the polynerization of isobutylene and other nononers

i n hydrofluorocarbon (HFC) diluents has been disclosed. The utilization of
HFC s in dil uphbssfssR! ends of diluents has created newppplyfiRiidsgdt i on
systens that reduce particle aggloneration, and also can elimnate or
reduce the amount of chlorinated hydroca?bons such as nethyl chloride in
pol yneri zati on systens. Such new pol ynerfzation systens reduce particle
aggl oneration and reactor fouling without having to conproni se process
paraneters, conditions, or conponents and/ or vvithout sacrificing

producti vi ty/thr oughput and/or the ability roduce high nol ecul ar wei ght
pol yners. HFC s acerdbidaveahy PR aarhe @l&?qtém {?19 resiEd mEtuEny Medhnent al |y

friendly refrigeraptis. Regapuss ?dae]yvah@tyeofe}ea\z&@ymamo( ?men N JZQIIR) 1Rzone
I on ntlr a

depletion potential. Their |ow ozgone de ght to be
related to the | dBROYES &rﬁji BrTpEn @H@C Fﬂ’—’%’sé ‘ﬁlngbt r%"élpfof}ucﬁa@]gt%?’l

flammabi | ity par tdhbuliedlidoyhaasitaddparieg atddohiyig pocardyenst, angkcdklyotownat ed

hydr ocar bons. jzat wdia,. .pro S ctors and

Syst o that can STy ERRnEEll” B SR | Bu R ORGE RS pol BRCHAY 2 B

assi gned pat ent r@f%@m@mw26@4@5882%%%@04@%@2816002@@4 EB2;
¥02004067577;  WO200000 868 01 RRA0RMAAISL n USROQS r5§6eon£§39@§03f9655

- US2006084770; US2006094847: .US2006100398; and 20061}17 [ 0007] The
use of HFC s in pBPHBRFY 46% & 75t oelas dn i waciow By i Pe wf‘?di‘sng new
post - pol yneri zatmpbsarmﬂd@msﬁnme@rﬁfomym&?%& i2hat sohaion pgponodat e such new
t echnol ogy. For exa C 5 i.S S
filtration to rerr‘%nvgleEpé %I’Ole l&%&o%lwg%g &l{)%ﬁ th\éwr{)%g’gg\-%g%o%fwgl nlgll?{gﬁ iluent. In
addi tion, the di [co@hng ﬂmhecé@ﬁpsdyrner@eiwpémémeﬁwt/%iatwﬁé%twe@ beb“lf%‘?ﬂ)ved bef ore
the reactor effluyeptxdiByc.be recycled to the polynerization pr ocess Post
pol yneri zation reactor eff]uents containi nfq i sobut vyl ene or oth nonomer s
are not usabl e ad"®ak i er ¥oforecle gt APNBTIZaNpaY nf“&'if}’éy 6 Trﬂeo“el

pol yneri zati on ofmcaondraiinegdiof@buttisde MeFOefliares eiag rogent disdidved.r €Bet or and to
the deleterious efifafhs ofMs-0a% MoGALR!MH, S SHRMAYA! bk TS, 10 1S
essential to have a recovering a diluent sucl FC'or at | east
a portion of the DHF@eliaﬂmm*VW*pwtedmlpyﬁﬁ peglonichon enledse canedlifingtent  bef or e

it may be recycl %dlmceamsiwnu@l%f EHMrRatd By PQLYDRI dudAkd ARnPIRERESn [ 0008] I n
conventional butyl rubber merization, isobutylene an rreth chl ori de

can be easily se;B&P/Qf‘ézﬁt“ﬁy*yétﬁ%ven%‘i‘:'br{ﬁ? ARSI FAIGR §SEHEMS HES: \‘7eﬁm zeot ropi ¢
M xtures or azeotp@@serdtiok €anti xhctt e®ulingV @liviun GatidCts dompiotmberprakaas have

been encountered in the past ee, e.g. - S. Patent . . 5. 087 329,
50500 431, 5. 470 4ABtIE DBThygECC 74‘%?18%'%“?5,%‘%1, 3i§h\’|8‘§ 3y
6,307, 115, 6, 527 pOURLiviaridroERPlt DUBT BB9alBity SprmeodupeChish guakdsulars weilsr exanpl e,

1,1,1,2- tetrafl ygrpst hame{ 2Rl c3fhRa) 1@Adrel cu'lnemy fidewak aatihamendilyl- (152a")
f orm maxi mum boi [ i n?l azeotropes or azeotrope-|i m xtures wth
K

i sobutyl ene. Thudten éefb%fﬁmsdzﬁfwetﬁwz‘aaw? éﬂelgébvar(%(ﬁ 61O SFOEHPEIR HFC s from
unr eact ed nononepste8idc rhais 1mmﬁtetd¢j>laﬂm pbiyntii wpoeght tosteirélhtat fo @i laak not al ways

possible. An ext h %ﬁl%ﬁ{le dj\3 t[r'[PLCl 8k 8igglryh9age hiQy ﬂg‘%%@@ d)glgc1§4r

conponents from a ner i zatl on re I uen 3 s di scl osed
in commonly assi gmled‘@zl@@@/:@b)@&fj@ChIO{@GG@IdFW@bp@I ydi spersity, also called

ol ecul ar wei ght [@b&]t ri bu@cin%’bolymerization media, processes, reactors and systems that
can employ HFC’s are disclosed in the following commonly assigned patent
references: W02004058827; WO02004058828; WO02004058829;
W02004067577; W02006011868; US2005101751; US2005107536;
US2006079655;  US2006084770;  US2006094847;, US2006100398; and
US2006111522.



(MAD = MV M), of butyl rubber prepared commercially is typically broader
than the expected nost-probable distribution (2.0) and varies fromplant to
plant. For exggRb®nisszobutyl ene polynerization in an HFQC@%%@&/MS@Q d| | uent
has been found to generally produce polyners with a narrower MAD t

met hyl chloride diluent. 100101lIt has now been di scovered that the types
and levels of trace 4 inpurities in the'recycled diluents and unreacted
nononers can be different for different production facilities, which may
result fromdifferences in the manner in which the various diluents and
nononers are processed and recovered fromthe reactor effluents for
recycle. For exarfB®8l net A)F vCHiH e rmel ™Ry@HSN BoEsihin shareriids present,
such as in water fiqpdppchiwngpat- p(ﬂ)h@cn&z&ﬁﬁt of ebfhstiemt” iplocSREFE thdt Od4aCt i on
facilities, to faorm et han ICh anréd limet zl Iheegwi |Ccotr1nm%a& then cont am nat e
recycl ed diluent ‘SAaISF“fonghel ™ fPog rendved e VEBVery of the
di | uent and unr ea¥OaWHY~BNdclosdvibittedeetp lenliqvescﬁyrn@rﬁ!@meir\hamdnleE@nt makeup
streams someti m%oﬁ%ﬂm&@ﬁﬁeﬁ’t‘ Mo Ecﬁiﬁti%'ﬂ\{ge&lbéed?'nﬁl? oSt &mpaen& HefYE4 § that may
go unnoticed. It is thus seen that the types and |evels of 1 npurities can
fluctuate uncont rSI"FBHEY bi’fﬂfeéhepfeéﬁﬂ%éﬁ“@‘ﬁ PRCH PRyled &t Bpgobipeiridquent |y
undertaken to rermwesqwatoerpoefﬂﬁumar Qh&&l@ﬂ@ﬁt@db&ﬁlﬂ’ﬁng fGUTyRAE BF bilg Monomer
and ot her feed streams to t E}? % ? 1 e ofore i.t ha been conmon
practice in the prodieti®oh "8 "oyt ?3“15 O §e adfhSt PRE M & 8K cat al yst
supply (Lew s acipdlyamdzaiion ¢fi catlteméd bautyleee be“acteetry tootht repctbroand e dien t he

desired mol ecul arehlbdls il BRLMIRT ik oy R iRIGHHFLinR faci 1Ty,
the recovered polyner or polyner cenent 'Is sanpl ed downstream fromthe

reactor, and the fithoddprapoovging Rrdiliegt el geldt Gy Wﬁewowgemeﬁép readi ngs
or ot her Theol ogifeal the@bﬂ@blaﬁmblﬁaﬁan 1@£ctcb)éfﬂiﬁitebefokegmrﬁuy8bet R&licgs such as gel
pernmeation chromadlo [.api?]?/ &}]GPCI).{I t he nol ecul ar weight is off target, the
catal yst feed has 1f‘?%pli“é)a IYYBEER" ddj s¥ed, the process allowed to |ine out
at steady state, [eM8 anot helcomeaidilamg)utyakrebbert oolgweizptiont lixebuigérecaldar wei ght
s closer 10 the o Oahorial U b B DELIRAN, SATRhAGG ARfal! eoukar wel ght
determnation is frequently as much as an hour or nore, during which tine
of f - spec product *fajoReMPFBHUE SE-CHMRE-TBE HEF BT Brdyiee E5Rdi it | o854y have
changed. Sonet i nasvel IBeeﬁ;@ﬂcobﬁeléd fif kieUpabt. OKees @@NTING! FatdntPs.SH,ti7g26,0r one

facility to prod byt t f anot her
facility. [0012] %%?%%s}egﬁi TEon Rp 121'}25%"1‘40(29[\%@?0&%23%{%%; ég@?

Di scl osure No. CN5224917284AP di08T bysBs SampetHiddsitiors, tihrexpn@pdrlatl-on of

i sool efin pol ymerg.,alo&apg! Uﬁ%aba)éd qqtdlﬁduo%thﬁ}@ &ﬁ%b%%ﬁpﬂmhﬂum’m ch a
hOFYDpO| yer m zati on reacti on of I sool efI n nononers or

copol yneri zat i on PPERCIRSIRPRK A F2eGt PnsHikerByioHE &t i§oby et r Fisk thenp%tt-

chl or ohydr ocar boRoighéuivh su[mangn af LM HRL! HodSinfelRdPhédBEs st asS  Whi ch
reacti on syst em

ested. add such di spersin as carboxylic
DSOS B
styrenes. The di sp@rsifng sepadsn@rs@irgarcaniooentsovwem thpolymsicosn t sgacofr t he
pol yneri zation systiemand § %Bmﬁ%‘%‘%‘sefo&@u{jdoﬁ:&%ﬁ?'aég&n&lfwbmwoéb%@ ubl e pol ymer

granules nmore uniformin the dil uent he reference clains that at a
reaction tenperallf¥ bel offc- pOCisPesist apbtoy calfpd praleswlar peislimditigyiviem can be
obt ai neg tEe grqhh@re Mw/hﬁatot bhngber p@Medn@ﬁﬁleic[aﬁﬁ%f@ﬁlczﬁlﬂfbtdalﬂ‘cl ef 1;) ecti vgl y
i nproved, the digpersin ent t easi obt ai ned,
and, at the sanesnf"i’fl?ﬁe)‘p s ?%Wé’lg‘%%“ l‘ffh@‘)gﬁﬂy ‘ioglp"élf’é)lprlf‘@ However ,
there is no di scF«zrsemmeol@ﬁsoatnylmepaetymf:man@nn|amHtFCa:t>mmnmg)mhtehtemLea@ns acid, and
sone of the disp ant proposes
herei n t hat soneﬁ{i@dp@%e%h?F%@%CE&%}aagventd?{g?glﬁ\é%tg%%]ﬁﬁﬁpgﬂkﬁﬁgsone

pol ymeri zati on r&#€tilor feeds nmay have a heretofore unrecogni zed and/ or
unpredi ctabl e ef foped) on tih@admive GethadischRi@thataRdhy@bs MADevdRObYyIRET Zat i on

nmet hods and systens to adjust the MAD in a controllable manner woul d be
desirable for several reasons such as being able to nore closely match the
di stribution of products prepared at different plants and/or with different
di luents or catalyst systens, to tailor the distribution of products
prepared in new processes, and potentially to prepare new product grades.



SUMMARY COF THE | NVENTI ON [00141Thi s di scl osure provi des new pol yneri zation
systens and processes using a new class of catal yst system nodifiers,
referred to Rghejol RSP0l ynor phogenates. A pol ynor phogepatgsiimglisidses the
catal yst systemto pronote or mmc the formation of different active

catal yst conpl ex species having differ enlg) pol ymeri zation rates, i.e.

di fferent propagation, chain transfer, orf term nation reactions, as
observed by different polydispersities resulting fromthe presence of
relatively different proportions of the pol ynorphogenate. The

pol ynoi phogenate is preferably selected from nol ecul ar ox en and

chal cogenat es, f dPPERisHiH the regiclid dilients R wrcted MarmeEsr E"s% HarAY thio
conpounds. Int h&hﬂﬂﬁ)&n}’ﬂﬁtﬁdc&ﬂltfhdﬂﬂxegfvshlcﬁﬁﬁi/ &ﬁdlmdﬂfod]ﬂéfﬁfc& itk amnek 8w s aci d
and initiator in CL th{E i P? a¥15m R c%e'ﬂgtr%c Isase la'{n e overegfr r‘&hl‘ ol
mechani sm to nodulate 't alo‘%?o ecular "wer's AT ACt eri'st1¢s of "the pol yners
produced, 6 i nclrerdiongfIMAB.fo{ 098] For mmlagpélaltchtorlée diysloldobae ehgr ovi des a

met hod to pol ynerjze OPRA. AL 1m%mﬁ&§ﬂmgt9fﬁ19rré§bt'oxs%h§$ i sl ymer s and
copolymers with a controlled MAD greater than 2.0. The nethod includes

pol yneri zi ng t he REHEcton fﬁﬁh‘ft@* N ok medpngl nd dﬁ%ﬁﬂyhﬁﬂllﬂz dthicd e pebitum
conprising the ortemaﬁmz{mreeycm:ﬂammtrm/h méhoahed 1&1&@tnoaﬁdo&d@aﬂlaley%wsystem The
di l uent can be on?th 4ifT2 cp (g t ed hydrocarb § % (Fglial yst system
can include one Of ‘If rléenLén “m%a Py hind AP ur 4 Onom o tier s
conprising one onnakume%tlpamiswnmptpitm@ganatn@(lsl)ela(lvdm tibh n&m}anmanhhyﬁlmhat be an

initiator) and ong, y Yo IR Red. Njttid %B@Ee@x?}ha(%'tﬁgs mylevcéqs mﬂlplﬂﬁ'ﬁes Rg anot her
pol ynoi phogenat e) . ”|% ‘one enbodi ment, the anount of enate(s) is

adj usted so that s wisetelsbly BEINAdRien SR YFor yﬁéﬁ@ewwnﬁ@w control | ed
MAD greater than @rethovd ¥8&Ghd RyadlyseiaudiurBoh cnttig Md@bheadng amer fael ude

suppl yi ng t he pol %mer thit on mediumin one or nore feed strean(s) to a
reactor for the pOrYNEITY&t"6n, recovering a mixture of polyner and dil uent
from the reactor [0MEEpar at Hﬂgtofdmel 1 eémtbedr @muoh eraghic intheprodycticmcd eyl t he

pol ymer, and reCWﬁ;‘bbﬂQ c%xﬁ?tﬁ%f@&tﬁ% diph iy @i QiataBLinRBSH A mERE&,, T €act or

feed strean(s) | east one he” one or nore pol ynor phogenat e(s) can be
added to at IeasttO Grdo optatihilic dpdcdmofpstly Vedy Sitheti(y-.. PGOLPFYn an

enbodi nent, the @lddwﬁaﬁ f&cﬁlpﬁr &Eh@@v@&ﬂ pbmhude pm@ﬁavadmemf is sampled

pol ynor phogenat es nbodi S | on can

i ncl ude distill at |‘8rﬁpeaé“ 80‘“ l?enﬁ?céoraa ng‘? 19 ’F‘%{fﬁugah\ ‘réptelif’?uzf%{)g% “di<tillation.

| n ot her enbodi meitaeyetet redingsxt othe ricebevd rettldtivonitlyenreagros testang be in the
formof a slurry s&fh ok QQ [J%Qtl\ex%rch!o%aggﬁplgr' (IC#@B“ If t{xeoxqg@‘]ulap vx@@hteimﬁdl ment, the

pol ynor phogenat e addi t1on can inc det er m ni ng pol ynor phogenat e level in
at | east one of {H&LHFEByst RS Bastwicahsheppadite sy hemrced AHPGH 191§ % rate of

t he pol ynor phogenadi@dpdslé, tahOiother leml@tikc@to@@é ymrnmmg@md@t desisged | evel .
Al ternatively or adlt epo tion canlnclude

det er ni ni ng MAD &t “f ﬁ‘égc? 538\/%}938“5%] r““gﬁﬁ mglf%l B?Vtcllg(])t dﬁﬁ LS st ng a
rate of the pol yrﬁlﬁqtphttyg@mmtleasa@ddmun@mloteodmmatwmwh titrl @YD pemidétamay

proportional ly agj W3hiclehnl Bﬁelg?dcybgp&laﬁglg,%%@v&%ude@oﬁxg\ﬁﬁk it celnrbc
enbodi ments, the one or nore | ynor phogenat e(s) Can be a
difficult or su,mmgly 1mp0351ble for one facility to produce a butyl 1ubb61

matching the specifications of another facility.

[0012] Chinese Patent Application No. 01134710.4, Public Disclosure No.
CN 1417234A, discloses a method for the preparation of isoolefin polymers or
copolymers by cationic polymerization in which a homopolyermization reaction
of C4-C7 isoolefin monomers or a copolymerization reaction with other monomers

is performed in a chlorohydrocarbon diluent using a Lewis acid as the primer, to



7 nononer feed stream conprising diluent, and/or to a catal yst feed stream
conprising the one or nore Lew s acid(s). [0019] Another aspect of the

di scl osure prQyhegsisdsmet hod to polynerize one or nore ppRRIRLLE)seh0 form

i sool efin polyners and copolyners with a controlled MAD greater than 2.0.
The nethod includes: supplying to a pol y?erl zation reactor a catal yst
system feed stream and one or nore additional feed streans conprising the
one or nore nononer(s), a diluent, or a conbination thereof; and
controlling a rate of supply of a pol ynorphogenate in at |east one of the
feed streans. The diluent can be one or nore hal ogenated hydrocarbon(s).

The catal yst syst¥HCEIereRE toaseyrd Rafbsueh gt ugpgrE s supxdite or nore
initiator(s) thatacidsestaf otfiche kGARE adsnet, h@/xdhékt(ﬁ‘dﬂ(@hiubﬁitdteﬁl&t)@ﬂﬂeym)lliephogenat e.
[0020] Anot her aspcﬁcglmgct ala\hd?e gudsto loogutl; vuc blt %h% qm LZBIOH n?em am?%l Ol’l system
to pol ymerize one of (S) to torm i sbol ef i'n poly

copolyners with an‘c’é(@rﬂaer @EﬂeewnMﬂDh(gw@@lulétr pvlhlaﬂ QaH@leb T’Ih)@e swémenm Glan i ncI ude:
a reaction zone tcf?lué?l‘t)lW&él@lﬁ@hgﬁb(ﬂﬂﬁmg eaE‘ER)B‘?e DRARRLLR)-2d°, aastabl

pol yneri zati on medi um conprising t one or e nononer (s), i luent and
a catal yst systerﬁlqpﬂSWﬁbW@rSyfﬁ%éPnlbﬁﬁb‘alﬂ?ﬂ @Bpt@b?mtoﬁéeabh@s%lranﬁﬁﬁéﬁ nmononer ( s)

and diluent to t hﬁn@@lcmreﬂ&aﬁfél?ﬂnﬂm@d, W disPerdiNBagt @ At b Iha@BeeZQHl@d cé Separate
catal yst feed Ilmr;l)e to Sﬁtp{ﬁ% “Q {? more Lew s am@&ﬁ to t

pol yneri zati on mediGyY ffe “Pe 4ttt ST Yhe® MHYA toértﬁ‘ef%)y“é?ﬂfbustl ng
(e.g., a control deop). &Hoveed that & rofditcherrontagr spraficecopioitymfophiegenat e( s)
to the reaction QARK dCJQ dg)lrdeld?tiﬂg di$ gm?%d?ﬂ%krg)(vn%&oagja ogenat ed

hydrocarbon(s). The catalyst syst e I nc one or nore Lewis acid(s)
and a plurality d?#bdifi éplélcetﬁrrﬁpm%n@er@ﬁethetr St eYiso| YMoliphdgenat e(s) and

one or nore ini tla&&eﬁﬁt(oaa cothfdentsl b s@i sma@aizmntreactohe‘eeayswmac@a al so
i ncl ude a producth E)]’heet 0 recover a m xtur di luent fromthe

r_an
reaction zone, PIrPeQEtrd (A di 8‘r1i“ip“id8ta§1§ aﬁcg FI”&OE?‘EP % Wil he mi xture
and recover the pmd/yrﬂﬂWD aPdyharesatton metode and aymmq tocad@ir the MWhen separ at ed

diluent, and a t e ﬂl%flfﬁ)ﬁe rlninﬂg to(aldrb%%);(&x]alge Foli]gevglgfxleﬁ QHQII 2!9 "6@1 %at}leotot he mononer

feed I|ne The po ymeri zation system can also inc de a nor phogenat e
supply line to i mofoduele mtaﬁéthsﬁémé}moﬁﬁf@qubyﬁmlmé'éfﬂlaﬁté’ aghs apdgort he
reaction zone, e.gh @EHFFRACHIWnOOr MkaBst HEADRO MBS the@ickribitio of bloGucgat al yst
feed line, or a conbi pati on thereof In an nbod ment, the dil uent

recovery unit caf"PHE" ﬁa‘év%mceﬁe%(?’ﬁpcﬁﬁtﬂ“‘i”%f‘l’péeé%lﬁﬁ?"fE’)‘ UhHICh can be an

extractive distillation unit, to produce pol ym)rphogenat e-lean diluent for
recycle. In anot RepgRROY ¢ inVRErN uent recovery unit can include neans

for pol ynor phoge anot her enbodi ment, the control |oop
can include a [0014] This disclosure provides new polymerization syqtemq and

processes using a new class of catalyst system modifiers, referred to herein as
polymorphogenates. A polymorphogenate modifies the catalyst system to
promote or mimic the formation of different active catalyst complex species
having different polymerization rates, i.e. different propagation, chain transfer, or
termination reactions, as observed by different polydispersities resulting from the
presence of relatively different proportions of the polymorphogenate. The
polymorphogenate is preferably sclected from molecular oxygen and
chalcogenates, for example, organic oxygenates and corresponding thio
compounds. In the polymerization of isoolefin monomers with a Lewis acid and
initiator in diluent, the polymorphogenate is used as a control mechanism to

modulate the molecular weight characteristics of the polymers produced,



pol ynor phogenat e anal yzer to determ ne pol ynorphogenate |evel in the
nononer feed line, the catalyst feed line, or a conbination thereof, and a
f1 ow control |\g§ 24081 @MUNI cation with the pol ynor phogenatfusdddtggs and
associated wth the oxygenate supply line, e.g. to control a flow rate of
t he pol ynoi phogenate supply line to achi gve pol ynoi phogenat e desired | evel
at the pol ynorphogenate analyzer. In an enmbodi ment, the control |oop can

i nclude a MAD anal yzer to determ ne MAD of the recover ed pol ymer, in
communi cation with a flow controller to control a flowrate of the

pol ynoi phogenat e suppl ne to achieve a MAD target input. Alternatively
or additionally, ‘?%‘@“@MWP | oop can include a MAD anal yzer to determine
MAD of the recovegn@ad] poI yrIreasn,e ahmctamrdmmLﬁapﬂooinew rhdthalhepdlymaizeomt rol | er to
proportional ly adjust r ph r vel. Leve a M\D
target. [0024]1n Cjé#%g Ongm{)g %{f‘ﬂmlqo(a%?wg é%d C?"é”&“ﬁ%&“&??“ﬁ%@an be
connected to the WdRogesterflera?.0.i rTée rraﬂ\\dd enclu{‘@@ HOFYéltéélngith?s)ﬂle foeewre i ne, which

can be connected rﬁ&maelfseaiﬁtQrpmlse%hmntm@dlwnea&%%gz%eon& 0Q2abAnot her
enbodi nent of the disclosure provides a cat aI%(st system conprising a

plurality of act |%°‘B%{f‘éla>/§lﬁle”éﬁ?9p? gfalghawicrs Therdidt By RedpichdCion of a
Lew s acid, an i mabgatet hy@rdarbonpq! yiohphaganat @n idcidasheenbodi ikent , t he

pol ynoi phogenate ca mat i on. of di f at al yst
conpl ex speci es ﬁ%lv{]}‘ugl o?@‘frgnyegr}temdqu meri Zati on rrnIé) O?ymo%%éedﬁ?(c)er ent rates
of propagati on, dezplnm@yrtammf a9t be@t‘rmtﬂeﬁowmnﬁ enmorg Mitalyser(whidh gy oi f f erent

pol ydi spersities rﬁa?sdé bl Bﬁbtﬁe[ AP hOELRERRENGE oﬁ)ef erﬁ@&dﬁﬂehtV%leyanQJuﬁtf@ff ent
proportions of the p ogenate, especially in the slurr

pol yreri zat i on ofpoﬁy@%ﬁﬁgﬁ?‘i‘%@ﬁ‘é 1y ot it Wt ‘F‘%&B‘El‘ff’rn ATt IR Yy(’f}‘?f*orl de

di luent at -95C. hkvingnenteiboORWTRatatertiae2 pol yrmr phogenat e | s present in a
subst oi chi onetri Eoportion W th. resp e Le o 026] I n

anot her enbodi e ?(Holf the reseembtOdl 1fnétt:ﬁlgsura(t-e}md a@rlen\l\ﬂlu(ze \upéj\ylm (}le

i sobutyl ene pol ymelwmh@afllqmgmedimm oot e dhofd\Red seamén to haﬁaczorOfOplﬂ@par ed using
9 the catal yst angy m&%zamsrc%%mgl p%@@@rf@oly&&thlmn%nemeq@acfsent the

catal yst system m)dl fiers further conprise a weakly-coordinati ng ani on.
DRAW NGS [ 0028] K§rgrating flilieny f?@h@ﬁﬁ‘t‘i“&”ft‘i’ SRRPYET élﬁrl%szh?fﬁ’f aad KSYReiticzat i on
system separated diluent to the one or more reactor feed stream(s). At least one of the

one or more polymorphogenate(s) can be added to at least one of the one or more
feed stream(s).

[0017] In an embodiment, the diluent separation can include removal of
polymorphogenates. In another embodiment, the diluent separation can include
distillation, e.g. simple distillation or cxtractive distillation. In other
embodiments, the mixture recovered from the reactor can be in the form of a
slurry of the polymer in the diluent.

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

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



according to an enbodi nent of the disclosure. [0029]Fig. 2 is a graph
conpari ng MAD of polyners prepared in polynerization nedia containing
various oxygeRghggmisPhAl LED DESCRI PTI ON [ 0030] As used ph@fySlobspsidse new
nunberi ng schene for the Periodic Table G oups are used as in CHEM CAL AND
ENG NEERI NG NEWS, 63(5), 27 (1985). [0031] For purposes of this disclosure
and the clains thereto the term"catal yst systenf refers to and i ncl udes
any Lewis acid(s) or other netal conplex(es) used to catalyze the

pol ymeri zation of the ol efinic nononers of t he disclosure, as well as a
lurality of catal d| fiers including at | east one pol ynorphogenate and
gt I eastyone i ni trfl‘?/i’PB‘Fr ShdUr gt PUEEg d&Jt‘?‘?ér““ﬁ‘Phéor acgfalyply &pd cbrifonent (s).
[0032] I n one enbodinpiviig thddneodh@elodiucri(spr ovi des a method to pol ynerize one

or nore rmnorrer(s for 00l ef.i ol ynmers an S W.th a
controll ed pO| ydl spefs I;r\]not er afs_Pect oq't € dls¥lﬁsuxev\%0v1&ieb%%pegloé(to posynM}\ﬁ wher ei n

the MAD is greateme t0ha1wm2n1©non@disﬁpqo|fsmn@«)qzi@ﬂwpréymez&l py ¢ohelymere with avor e

mononer (s) in a phyJied MR BBadredhiBoC ORRE isding ﬁlmdepn@pmmmsea
nmononer (s), a diluent and a catal yst system conprising a pol %rmr phogenat e

and an initiator POP@’GB@]‘%‘PWI“F&%FM}‘\ eﬁ’e*d?"a*“%? ?‘é?b‘l“é ot 6‘016&9 e ze
nononmers to for mf&dpoéamﬁmmﬁingm oh@oxtrm)eels@io@elm) Qniiladnt, PO ydmﬁnaz@tl on

condi ti ons and capponents V\nthnthe those. skilled in
the art to obt ai ﬁf%?? it &% “glp i anlmefO s Blés Bﬁymorf?hoﬁéme){n %Heafthoge Ontrol | ed

MAD in |ight of phmf?ecbglepmr ahhstdelpent aamobec@ﬁpomemthabmgeﬁr hydewariexdr i bed

herelin. There ar enBUes QU PPEMAIONS RmdhEaROLYIE! a3kt 9P npfoCESS and

variations in the neri.zation syst em conponent s
1niti at01 s) that is not the sameas the rate-controlled polymorphogenate.

[0020] Another aspect of the disclosure can provide a polymerization
system to polymerize one or more monomer(s) to form isoolefin polymers and
copolymers with a controlled MWD greater than 2.0. The system can include: a
rcaction zone to polymerize thc one or morc monomer(s) in a polymerization
medium comprising the one or more monomer(s), a diluent and a catalyst system;
a monomer feed line to supply the one or more monomer(s) and diluent to the
polymerization medium in the reaction zone; a separate catalyst feed line to
supply one or more Lewis acid(s) to the polymerization medium in the reaction
zone; and a system for adjusting (e.g., a control loop) a feed rate of the one or
more polymorphogenate(s) to the reaction zone. The diluent can be one or more
halogenated hydrocarbon(s). The catalyst system can include onc or more Lewis
acid(s) and a plurality of modificrs comprising onc or more polymorphogenate(s)
and one or more initiator(s).

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

line, the catalyst feed line, or a combination thereof.



avai l abl e to produce the desired polyner attributes, including MAD. In
preferred enbodi nents, such polyners include polyisobutyl ene honopol yners,
i sobutyl ene- i\wgRf8MBsbUt yl rubber) copolyners, isobutybepgs@nthsses

par anmet hyl st yrene copol ymers, and star-branched butyl rubber terpolyners.
[0034] "Diluent” neans a diluting or di ssgl ving agent.Diluent is
specifically defined to include chemcalS that can act as solvents for the
Lewi s acid, other netal conplexes, initiators, nononers or other additives.
In the practice of the disclosure, the pure diluent, apart fromthe

pol ynor phogenate or_inpurities in the diluent that can nodify the catalyst
system does not §&Akral | " &pt&ootimentgdiiefHrnineUrE Bt e BDSnent s of
the polynerizati amcigetiodperktio, whittheanaempaerestis aftilita wat ta|pYCS{tlceSySt em
nononers, etc. However, it ized that ipterac S ween the

di luent and react’3Rt"SPie enaéeclganrgﬁnrggorre?cé?l? e?1 W %)Fﬁn1 sq P gﬁuﬁml uent does
not react with theogay alityeat méy@t@msd@mpbm@mhcgenamﬁmmks etc. to any
appreci abl e ext er150231A di thpna%théf eﬂaﬁ'&m{c‘%{ mchgl Lygot hdclbdes mextur es of at
| east two or nore diluents. 35]A "reactor" is any container(s) in which
a chenical react iPSlme®EgERete avﬁéze& WRemicae yBgPyrechadetehbindhetyyipel | y used in
enbodi nents are \ff&ldllméﬂt%&dtalyes@ehlﬁe @Jd@)ﬁ@iﬁbt&fn thebaf) adda fl@y &(atr&uet Brs in

I th hi gh t de | Th
pol yer i zat i on antPEREtms Baih PEnEh S¥u R carah al MR BEr  ovcep 1 ne

slurry cold, the oxeaetd mmlgym egnt(meedsl atfywiraty ef thhpolaiyinphoganatt suppenove t he

heat.” An exanpl e gt tosal:'lﬁ(pve gomamoraehqweqﬁlle@m& atltﬁerp%@mto@ﬂ&em&mg)gm( CFSTR")
is found in U S. Pate 17,930, mcoé&ora ére erence. In

enbodi ment s of tﬂ‘é's“ée‘?“é“élf‘teé‘k éhe cgmml F%‘ipé%[’nmfi A MAR anebacrh Ageiginct ubes of a
heat exchanger bw\aDpumpa 10Mi/lclle& po@ink, mgc@tdﬂmlcemﬁ \ﬁﬂl i ew sheldilesiode can

provi de cooling, ratu prer

boi I i ng et hyl ene Cf’l r%er%ﬁﬁ fﬁ%ﬁ%lylgg@ﬁ)g?na% SPPé)aYt mF Sve r&lﬁ/% %‘véral I

resi stance to heatput rrdgiterly of 8086}l therqoytiol foep @msnduoe aMveb erriyzaf  di | uent
conprising pol ynmed dc,tt&]@lhm WDWF%' rpdotfé&faﬂ)l)ttﬁ&nfhtcg}gmghéauﬁmfﬂh fonggers, Lews

acid, and initiator. The slurry concentration is the vol une percent of the
partially or com‘iP%‘i‘%W’ Kb%’é’&i"bﬁl“ﬂ/é@é%ﬂ*hﬁﬁPlVﬁ%P@gle&@é'EF“%b‘t’%@ *li¢var vol une of
the slurry. [003%}WwPalyer” may be used to refer to hom)polyrrers
copolyners, 11 in poI y t.et ner s, ol ymer" may
refer to a pol ymer éomrrFél ﬁmbogfmﬁ%m ok V\Bm?rBICOg er qupBF;BIt %I%ené?’} 3Pvmth ot her
nononers. When acpokojes the monmeefepcéulet @dastoclmvpﬁaiymfwg lige, mbicbpaarbe t he

monomer is pr eselggnngcnedt@gle&(p&%{gﬁglth@ gap[%nggleyrrerl zed formof the nononer or
in the derivative formthe nononer, L kew se, when catal yst conponents are

descri bed as comf¥?¥i ng nfé‘&fﬁ‘}eéFm‘%‘{da’t?PfeOffﬂéFr%l%‘F‘ePWé‘d?:‘oarrif‘&lf/éh%y§t°mlt is well
under st ood by oneoriising @qdmtalmytdﬂectaéEatalﬁshaim;ﬂchapdc@mmmédqrymo%m&thﬁ conponent

is the formthat cts with .the nononers t rodu
[0058] 1 9001 ef et Fors e ohah) Sl B Phanemef Aty el SUSTEERS I ut i ons on
t he sane_car bon. pdijvrpliogéneficat proredteths firipatan yt driimonmedtivheardlngedmpex doubl e

bonds. "El astonenpemQJhmﬁlg%ffﬁef%ﬂ?gdlﬁmﬁmmalt&Ilq-nmffel@lﬁ r!ﬁ@se& rﬁl&a L, refers to
any polymer or conposition of pol'ynmers consistent with ASTM D1566

definition. The f*@rnntﬁan#ﬁymbtémw%w PheRpeiayg ey pWCf‘f‘rli’el’élﬁé* retire
“rubber(s)," as us@drRERRA.of {IARSD]ditfRBepdpadnogeme dosmdphbdieae, herein to
be an azide, an LSocYanAte &t Mu2¥anas &r i3 SQUNOGYANELE, Qi @ CYani de.

methyl chloride diluent at -95°C. In one embodiment, the polymorphogenate is

present in a substoichiometric proportion with respect to the Lewis acid.

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

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



[ 0040] "Oxygenate" refers to oxo- or hydroxyl-substituted hydrocarbons or

ot herwi se unsubstituted hydrocarbons containing an oxygen atom The term
"organi c oxygehajegsgeneral ly includes conpounds consi shipgsResaixst al ly of
hydr ogen, carbon and oxygen atons such as al cohols, ethers, ketones,
carboxylic acids, esters, aldehydes, epo§|des i ncl udi ng nonobasi ¢ and

pol ybasi ¢ oxygenat es, and al so including”the corresponding thio equivalents
where one or nore of the oxygen atons is replaced by a sulfur atom The
term general |y excludes conpounds which do not have at |east one carbon
atom one hydrogen atom and one oxygen atom such as carbon nonoxi de,
carbon di oxi de, dpferaittiepd mehess desePedOrudes conpounds cont ai ni ng

non- or gani ¢ el engni2g] ot henn dnleabodivéht, aigantalyaayshammairdsayigedmpfi@ra exanpl e
hydr ocar bons substhbutqgh i.th other atoms such as netalloid or netal.
[0041] I n one embodi MRt , TRS"d"scl osure relates to the use of

pol ynoi phogenate(s) to produce a polynmer with a controlled MAD. For
exanpl e, the pol ys@iwpiegenate(s) can be used with chlorinated

hydr ocar bon(s), hydrofTuorocarbon(s), or bl ends of hydraofl uorocarbon(s)

Wi th hydrocarbond‘ysbnd/oFIcHPb?ﬁﬂﬁP@H’ﬁ?ﬂﬁ@@&?ﬂéﬁ0§¥ megzalel M ze and
copol yneri ze |soo&@ﬁmﬂﬁomn&Mmm&&ndfmaﬁsmamd/or al kyl styrenes to produce

i sool efin honopol s and. copol yners with a tr 042] 1 n one
embodi nent , this[%ﬁgtlosugg 2or a gl § OT%%mﬁP@ggvéf‘ﬂ%‘”%gmymglvnerlzatlon
systens and proce@be@HmManydm@aﬁ@mnoﬂeed(&ﬂﬁe@m(s) cont ai ni ng

pol ynor phogenat e(s). These pol ynor phogenates effectively nodify the

catal yst systemto forma plurality of activated catal yst species which

i nfl uence the NM@EHﬁQL¥QéE££§Qﬁ§ﬁmgystens usi ng these pol ynor phogenat es can
produce pol yners [tnguj ng aAcaaﬂme&hadaMﬁheﬁm&ﬂ@qMﬁmQMﬁﬂ&ndn&MIRmkn addi tion,
this disclosure erthe geglat%s to the use of Tﬂ% q%gﬁ hogenates at

S arg u as in EMICAL AND ENC INEERING
controlled rates |np F {5 for |on of high

eri 2ati'on Sy
mol ecul ar me|ght[wblynersFanduwspoﬁyMEdsdmm@hmﬂamg@@@dﬂwmke@ahﬁm wei ght and
MAD that is tightdy,GPRidat! @bl gdaemaa&a@ atap i) 9&)&%”&' phoospat es used in
the polynerization systens. Mononers and Pol yners 43 anoners whi ch may
be pol yneri zed bﬁo@ﬂP§“§V§@@ﬁ?@ﬁéT@ﬂ@ﬂHW?mﬁVHPB@&PE Hcﬁﬁﬁﬁﬁﬁr flkat s

pol ymeri zabl e usidiRgodulyi Ss eics @k @sl;umauy Br edtay s Qnd)dﬂi@lﬁ(}ml’(ﬁlgl anqéamdaleone or nore
gf ol efins, al pha Olltngxaflo&eﬂate an§ atb ]'[%:aq one mlgato gl}dl E?lbna t‘ﬁ r nno c’atta On] UQat ed

i enes, non- conj tga an St % ed reni cs and

vi nyl ethers. Theomspopergi c nay be substltuted (on the ring) mnth an al kyl ,
aryl, halide or gjdsgxide &r%HPenB&ﬁ&&ﬁaQ%ydm&@ﬁmWQHQQ@J LORIBING 2 to 20
carbon atons, nore preferably 2 to 9, even nore preferably 3 to 9 carbon
atons. Exanpl es SPYBFTEF&RG EdW BPIORETH AT o dsodlet Rahanersiad 5onslyRYFst yr ene,
paranethylstyrenauhak@maﬂaﬁbhmhmﬁhymmnﬂ¢qﬂmwn&mhbenaemeMmm>“mmmn

di i sopropeny! benzl gl SObuLta cr han 20, com I;l%m I mmtlzm ’[11030110 01 n 1c1 1
-butene, 2 -nethyt- ent®rte; 1%op enep Ut &dPene e

2, 3-di met hy1-1, 3nbuMam$bne ahﬁ%pwnEMelInwnmenemm®h@- dhenmethydr - fpie] vene,
hexad|ene CyC'OH%H&ﬁﬂﬁﬁgﬁmRHhB@5¥&Q$@qwﬁﬁ&ﬂ%hﬁN@kawﬁkﬂﬁéwmﬁﬁQM' vi nyl

et her, and isobutyl vinyl ether and I'ik Mononer may al

conbi nations of W8P nore nononers. Styrenic bl ock copol yners may al so be
used a nononers. [desyferr eﬂolﬁﬂleﬁ@dﬁo@ﬁ@@ﬁ ymieusls tal ;mlnwd@e 1BEROkY M fosm @f

styrenics, such as styr yrene net hyl st yrene, and C4
20 30 i ol ef  ns PRI B bR St BB RE g R PR SRRt R o
preferred nononeit ic et nigt 4bgdins of thedewsdidedlin thes b ut yitendeanadiupan af aet hyl
styrene 2) isobubyl&nodd Wil AR ERGonedSwd Walght 8SprHQEORAIMIRT 4 0f

i sobutyl ene.
component properties described herein. There are numerous permutations of the

polymerization process and variations in the polymerization system components



100441Addi tionally, preferred nononers include those that are cationically
pol yneri zabl e as described in Cationic Polynerization of AQefins, A
Critical Invephoyaisseseph Kennedy, Wley Interscience, PJ}J@WSZ}{@{OI@,J,-Q?S
Mononer s include any monomer that is cationically polynerizable, such as

t hose nononers that are capable of stabilizing a cation or propagating
center because the nononer contains an e]I ectron donating group. [0045] The
nononers nmay be present in the polynerization nmediumin an anount rangi ng
from75 wt%to 0.01 wt%in one enbodi ment, alternatively 60 wt%to 0.1 wt%
alternatively from40 wt%to 0.2 w % alternatively 30 to 0.5 w %

al ternatively 20#8 b o giugh 95 deé.’l”‘l“@?'ﬁ'&‘frla\}%tl"y*d G‘%I%W Ps Rprgfred 1w % in
anot her enbodi nendmbodiflEAL] Ruef epd’lﬁﬁhspolnyllﬁ&r s polyiedbugiendh o hepgbiynes s of any of
t he mononers |ist.e rein. e 0 | ymers incluy

pol yi sobut yl ene, lsogfthlgnc Isor%fl‘h ﬁ’n{‘)vll rgurl?%l) %@?@%%?Esﬁgutylene g‘? Pe erfe,

pol yal pha- net hyl srwiryéryeenu gmplymplmwhd Qéqrﬁ)eqngheq By ubher t‘p@iﬂx}m hyI vi nyl et her,

pol yet hyl vi nyl et h@o’s)q Pr efgiij.ad rHé%hsV@E&lﬁmﬁ’é 9P disteHikd @ &OPOby RS & of 1)

i sobutyl ene and an él styrene; and 2) jsobutylene and isoprene. [0047] I'n

one enbodi ment buPsAicy Ii?ﬁ’éetdsto éf?clé’d?)F@B’éﬁ"‘]édhabﬁ)a“raé‘a@tﬁoﬁﬁ‘l‘hf"é&%&ﬁl‘{ﬁer mi xt ure,
t he m xture havi ngidabthdraasd cbﬂa)ﬂem Gditittors Chonoses| @f dtier mamm:mr Iea@rponent such
as i sobutene with olefin, o te fonomer. conmponent .
The isoolefinis |a(rclgc)ae Ogén “qu\me th‘fd’uie &1531?§b2\1f\f§/0%%e %ﬁpnatt e t ot al
cononomer m xt ur empygitiesnie t@nﬂbl@mt thehtan n8gify &ngalw\m*%n ﬁoeam@tgqteqlalbfnbodl ment .

I n yet another enhQGicRikalhitce bﬁﬁa@&&ﬁaoﬁbnis%ful@p&lmer{z@fm)g%le@mm%% Tﬂﬁl 99 5 wt%
The conjugated di ene conponent in one enbodi ment present in

conmononer ni xt ur éo?‘ﬁ")&Fﬁt%ﬁt}t"cﬁ’a@yﬁ A% MANOEIE: "é“rr%cﬂ‘ieﬁ%ﬁ’t“ rea%PZ?M?h 15 to 0.5
Wt % i n anot her enbasdkiio@Bnbetwian yhet dimnat fer reemmdmmcpurfrom;&efwbdo 5 w % of
the comonomer Xe'%n mcn?q 80nd11u%x teeg n%l rec c VVltInge catal sp §yS emI c%oooneelfltl n may be
one or nore of isobutene: P21t dt3h A ut'8ne

2- met hyl - 2- but enelonemss, 4tc rte@rlrMpp@m@ié@rﬂX@n@ A(Whlenaﬁmthq t@‘InEffliuﬂlt nng}adebe aCto
Cl4 conj ugat ed di@neSHaNcRBiwb SPREEMGkn Ut adi ene

2, 3-di met hy1-1, 3- but adi ene, B-pi nene, nyrcene, 6,6- dineth ful vene,

hexadi ene, cycl opi¥itladi end Hapi Bear”VICé’Wémcr@\é“ é‘rﬂ?Bo‘l ﬁlé‘?f’clca}licﬁ‘c%‘fl t he butyl
rubber pol yner ofocdube 1dk seh@satitieoutys 1@&61@It)|’1b&ﬁll}bysedf @a@ttiotighed a Gve@9. 5 Wt % of
: :ggﬂ: g: 222 m E E n%)?eStv\e?&s‘eg;g (? g\lle\%toe/%thzgl\f@ t§ _%al’item n volerc%%f a hlﬁg c%culaglolh%(gj d5rr;\$1t%
[00481Thi s di scl owuided bur pivar inpelleat ébe p@meelm@h ylrrbihs pardbdtie smapel yer s

conprising any comhiRaiid Qi Af kdeh e TRAP BRI Shd deikiifls,@RAEeds RT R StH.ed
terpol yners and tetrapol ymers include polynmers conprising | sobutyl ene,

i soprene and di vl e rRerehe featy A resanen el ?1@0“?1%‘85’(1{1% &lfjeed tank
par a- al kyl st yr enecatpr eesab yis m@fnanﬁetlhyl Pﬁdnyrbﬁbne)éllam ii®ep6ene bypol yners

conpri si ng cycl Opc?qgn%cdl nngﬂlboldlsmoc?tlilto tfgglcelc K QB%%%an Eél{:nc FaYCd %qur%gpr ef erabl y
paramet hyl styrene), pol'yners ene I"opént'adi ene’ a i soprene,

pol ymers conpris mbga oy bk pehinadiberepmp, gﬂlld@lboylnerﬁélyleaﬂdl theethialy pide can

cycl opent adi ene, poliy W&ige, cagma{el SrRGtehSORYE XhERE et RRMAMSY il ingene and
cycl opent adi ene. Levvl s acid
ethylene temperature, the required heat flux and the overall resistance to heat

transfer.

[0036] “Slurry” refers to a volume of diluent comprising polymer that has
precipitated from the diluent, monomers, Lewis acid, and initiator. The slurry
concentration is the volume percent of the partially or completely precipitated
polymers based on the total volume of the slurry.

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



[0049] In a preferred enbodinent the Lewis acid (also referred to as the
co-initiator or catalyst) may be any Lew s acid based on netals from G oup
4, 5, 13, 14 @pdooskisefs the Periodic Table of the El emenpgrukeddddisng boron,
alum num gallium indium titanium zirconium tin, vanadium arsenic,
antinony, and bisnmuth. One skilled in theg art will recopize that sone

el ements are better suited in the practice of the disclosure. In one

enbodi nent, the metals are alum num boron and titanium w th alum num
being desirable. Illustrative exanples include AI C13, (al kyl)A1C12,

(C2H5) 2A1C1, (C2F13 3AI 2C13, BF3, SnCl4 and_Ti In a particularly
preferred enbodi nBRPOYBES GROMRFS pihelkHYEeh L/ ”éel AP 66561 PHe Goup 4,
5 and 14 Lew s aOdoﬁhsudﬂ@we I¢akrerwg emab@drs, fo@ﬁcﬂ‘iﬂ]llﬁwi‘t@(dﬂlemh@foabﬂs Wies aG oup 4, 5,
or 14 netal; and X en | ndepend group
consi sti ng Of f|LP m%r 1S rer}%fe(ago as co 1191?% %010n%r ngo%%gig P‘%%]m m?l y chlori ne.
X may al so be a wlyelﬁbhahfbgiémerlm#ollm mtm mgnwanapllné@ ¢eﬁ?:4tlm%lé>rmlthban| um

tetrachloride, titaphim LRLSADLAB GRalysy 301A5HH T 51@tdre@ﬁ$laldoe[s|dé§1pr1st1ﬂ
tetrachloride and zirconiumtetrachl ori de. The G ou A% Lew s

aci ds may al so cdittEH sebipiPrnstoh 45 ComeEn i 59 "I’enh‘ﬁiicéqéoé?ﬁ by RE?ngk‘I”Fdrﬁ“tﬂ?eng exanpl es
i ncl ude titani umaat wantdaodid fohéfatiel cd@pontit tisahd o Wit braciriviiethd moidnersi de,

vanadi um br om de tr|O uQlcorll dcq and tin chloride trifluoride. [0051] G oup 4,

5 and 14 Lewi s acids us}éWﬁl I'n this disclosure may al so 15 have the general
formul a MR'X4; wWHEE8I n M ilsoaBfiolipsfets, toBny glefin mongpenliayingfyer wbituRodss a

nmonoval ent hydr OGAtRORe 3GibGA! ﬁ@hﬁ&ine%él{ %Thﬁyhrﬁor%ﬁulﬁ)avﬁlgﬂx% AbdoRkg of G to
Cr) al kyl, aryl, ar IaI kyl, al kylaryl and cycloal kyl radicals; and n is an

integer from 0 t o XERgoderhg) éa@ﬁm?lﬁ&eﬂ%%a@m F%/“‘%‘H“‘é%}‘f -S4 FOYt he group
consisting of fl q;@lymaleql c@ﬁlo@lnmn&polbmaﬁrbmwelamdthmd!lSTM Dmeﬁﬁ“mahhy chl ori ne.
X may al so be a u J exanpl ncl u benzyl titani um
trichloride, di b@?{z%fnt] 1% %?ﬁ%d terﬂlﬁn eaml }elentfrﬁll znlmr%?:rg i U dﬁllecﬁll oride,

di benzyl zi r coni urfd®Pbr oni tRscudnisidgyi tis @eéimddme!mp@hhfomddean igcyastthyl titani um

di fl uoride, di rretﬂk]ygygdd[@, g,ubq)m@wng@omdrmenyl vanadium trichloride.
[0052] Goup 4, 5 and 14 Lewi s acjds useful in this disclosure may al so have

t he general formi?"ﬁoll\/( RO) "RRYEPHIRA FHRSL - P ondiydiory lyulnaiied By Reptans 5 or 14
netal, wherein RGr b&enanqgmmmduedathymydmﬁedsdmmmgraad)kyzgah asel EKhE edmf rom t he
group consisting.of Cl y X glkylaryl oxy
radicals: R is am amc O)g Cf lﬁ;l 1:9% i’n on rcgﬁl C)unﬁl Xonlslsﬂn?geé/ﬁe]p all fﬁe gr oup
consisting of G hw;og@a,zaa@plkwd Oxmcylatomaﬁlyh ad Keplhols, bk legropes, G!Mxx:lytcl oal | cyl

radicals; n is aniNtRAELddE QN Pokifs, 4ncmaﬁl mohcﬁ)d@@an'dﬁgl?lgl@ﬁ oo to 4 such
that the sumof n and mis not nore ﬁ ogen ‘i ndependent |y

selected fromt hé“cb?l%‘ﬁdk%’ﬁsq‘%f‘i“r‘?ﬁ’%‘fmdf ‘P’lﬁ?c?ﬂ?‘}‘faée““c"r'} ek?r‘i“ﬁé‘ mgiEdhie, and

i odi ne, pref erabloyysehla@iis Ne.rephceByy al sOubeoa. Pl eto haghegenexcoR- i m ting
te ??gﬁl g?l :jgcl gﬁ(elch?%:ﬁ 18 S)c()%%n%‘?i f)tngtnrpd%crét a\t%ré Caleb & atomhOncql)%’&togg%ngagolmu%dt ri brom de,
phenyl met hoxyzi r eenéxygantatanf, kesdai gbebonmeamhv@ Pﬁd@!lﬁmgﬂ’@la@@.ﬁﬁt@mldila@hl oride,

met hyl rnet hoxyt icfu gk bR AR a)ﬂgmk;@ n@{] mgaﬁlepa&&%ya«@m%u migeh! ori de.
[0053] Group 5 Lewi s acids useful inth di scl osure may al so have the

general fornul a WS dReiEe: rﬁorWF?r’g’leally@%ﬁBmS‘W‘%Fd W\‘I’(h@Peéldﬁmﬁ(b‘i‘@ a hal ogen
i ndependent | y seheaé@hiddr@dtal he group consisting of fluori ne chl ori ne,

S;ﬁg]dpﬁm gQSt : IOS:II(P] I greefler %rtljel yem%(l’)]clm(%ernlt mf:i'us %1\91051116 e atesl Q(g thé {TP| E% s

polymorphogenate(s) to produce a polymer with a controlled MWD. For
example, the polymorphogenate(s) can be used with chlorinated hydrocarbon(s),
hydrofluorocarbon(s), or blends of hydrofluorocarbon(s) with hydrocarbon(s)

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



[ 0054] The Group 13 Lew s acids useful in this disclosure have the general
formula MX3; wherein Mis a Goup 13 netal and X is a hal ogen i ndependently
sel ected fromybhgs@isgp consisting of fluorine, chloringcrRERmM Res7 and
iodine, preferably chlorine. X nay also be a psuedohal ogen. Non-limting
16 exanpl es include alum numtrichloride, boron trifluoride, gallium
trichloride, and indiumtrifluoride. [0015251CSroup 13 Lewi s acids useful in
this disclosure may al so have the general fornmula: MRX3 " wherein Mis a
Goup 13 netal; R is a nonoval ent hydr ocarbon radi cal selected fromthe
group con5|st|ng of C1 to Cp al kyl, aryl | al kyl , al kyl aryl and

cycl oal kyl radi caf'ges Q‘r‘fﬁ’r Alky Iy rgpes ﬁ%ﬂ‘ﬂ%‘}ce f*Pﬁﬁ%’OhOP‘(SK@,’m% ¢ cgpdhdiesgen

i ndependent | y sel eidtadnddlietmtie group consisting of fluorine, chlorine,
brom ne, and iodiy pref | orin suedohal ogen.
Non-limting exan[pfeg [ ncl%ﬁg1 %ltb%{] ar ﬂm Crllltbf%%s ehﬁ%%?? Hggmm%}% ﬁlfl um num

di chl ori de, benzytolingriafiemsydiceh Ia@dr meusscs wmjreﬂtgafwd sfrepist hcrn@muzte

di et hyl al um num  polymorphogenate(s). These pol morphooenates effectively modify the catalyst
chl ori de, di met hyl al um nunchl or | de, et %gla um nunsesqui chl ori d

net hyl al um num syt PrHPEYs Rgality PlioRie Faéarlﬁhﬁipﬁ%‘fﬁ‘@ﬁa intlupnog Fi‘?FVEW%m num

[ 0056] Group 13 Lewy&xeamlds s}u&mﬁ mkmg ﬂle‘temo‘ﬁ/nd)l'[ﬁﬁéeﬁﬁul’@n meyduc! synfvave t he
(m+n) gener al rd\I;]iHol a N(tfé(ﬂg ] moledu d§ el r?nldrlYIMIj Spa d%;rtlgrlflq is %Naexule , Wwherein
RO i s a nonoval en c?r ocar boxy Adical ected from’ tln group consisting
of & to C30 al kcﬁuyhel aeﬂa,mot)@ythc aswbﬁlhkwxlyolyrmrﬂhygeamﬂl oxspnireldil crabcsm R is a
nonoval ent hydro%fyﬁ;@lnzaﬁﬁxdiy@t@rlw %@ltlﬁcﬁrﬁglaa&pm l{lé'hemgééﬁﬁp W@Qntsﬂoglrﬂeng of Cl to
C12 al kyl, aryl, yIaI , al kyl ar cycl oal dical's; nis a
nunber from 0 to 2 afﬁ??lmfi“swé{h tf‘l‘é‘ﬁﬁ’élmofeinﬂ?h oeigh %“’d Ié@ﬁ) {ias BRYsum of n
and ill is not naoerditibby e Xtel & @e palyBgPhogtmce pegkidantt yolsakeat@ad from t he
group consi sting of fI uorine, chlorine, bromne, and iodine, preferably
chlorine. X may a al'<s8"be a psuedohal ogen. Non-limting exanples include

met hoxyal umi num dileshings prdePolveietsoxyal uni num di chl ori de,

2,6-di-tert-butyl m@poxyawﬁanamvﬂamw ﬁé@mcﬁﬁh'ﬂ?’&b{s @ﬁélmﬁmhumynum
chlorlde 2, 6d|-tert but yl phenoxy net'hyl al um num chl ori de,

i sopr opoxygal | i utdPLRCERUemE i ih @pRsrzAkNt HyiRg e diFciosreu ol

monomers include one or more of olefins, alpha-olefins, disubstituted olefins,

isoolefins, conjugated dienes, non-conjugated dienes, styrenics and/or substituted
styrenics and vinyl ethers. The styrenic may be substituted (on the ring) with an
alkyl, aryl, halide or alkoxide group. Preferably, the monomer contains 2 to 20
carbon atoms, more preferably 2 to 9, even more preferably 3 to 9 carbon atoms,
Examples of preferred olefins include styrene, para-alkylstyrene, para-
methylstyrene, alpha-methyl styrene, divinylbenzene, diisopropenylbenzene,
isobutylene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-pentene, isoprene,
butadiene, 2,3-dimethyl-1,3-butadiene, B-pinene, myrcene, 6,6-dimethyl-fulvene,
hexadiene, cyclopentadiene, piperylene, methyl vinyl ether, ethyl vinyl ether, and
isobutyl vinyl ether and the like. Monomer may also be combinations of two or
more monomers. Styrenic block copolymers may also be used a monomers,
Preferred block copolymers include copolymers of styrenics, such as styrene,
para-methylstyrene, alpha-methylstyrene, and Cy to Cso diolefins, such as
isoprene, butadiene, and the like. Particularly preferred monomer combinations

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



[ 00571G oup 13 Lewis acids useful in this disclosure may al so have the
general formula MRC=00).R .X3(mp.), wherein Mis a Goup 13 netal;

wher ei n RC=00yHSopdieoval ent hydrocar bacyl radical sel ggtgeholdiRst he group
selected fromthe group consisting of C2 to C30 al kacyl oxy, aryl acyl oxy,
aryl al kyl acyl oxy, al kyl aryl acyl oxy radi Cﬁ i s a nmonoval ent hydrocarbon
radi cal selected fromthe group consisting of Cl to Cl12 al kyl, aryl,

aryl al kyl, al kylaryl and cycloal kyl radicals; n is a nunber from0 to 3 and
inis a nunber fromO to 3 such that the 17 sumof n and 777 is not nore
than 3; X is a hal Qgen mdegendently sel ected fromthe group consisting of
fluorine, chlorin&pEPARTES dSOWYFHe, preferably chlorine. X may al so be
a psuedohal ogen. [bb)ﬂ}l i m degmﬁ)(ﬁnpleﬁ&led nmbmﬁ&xsaoaﬂmyaiowﬁ thatmaek chl ori de,
benzoyl oxyal um num. di by om de xyga) i umgdi f 1 uo , yl

acet oxyal uni num cqmlomcgldy poty medZdl%E ﬁ%{;mg) ?Iglx%”nd]l ufr me”Z“’IEﬂ” 1 Oa%% )

[ 0058] Parti cul ar I@/”pﬂlef'@rm@d LWSKG’@PCUS Wiksy IaersgiyecofNevhes WSeful in

cationic pol yner igalhen ifudd &9%151&1@% £ RRRLKITE 81y BEABE IR as Bolbm NUM
trichloride, alumnumfribromde, ethylalum numdichloride, ethylalum num

sesqui chl ori de, dP¥PRYT PLAE Fl‘ﬁi’ﬁtil?:ﬁﬁ Wi“&’ég 2 SRORYF BIODARHTHGIFEYT 8t de,

net hyl al um num sesguénchbabntaes andleaf&mhymaanglgm@um chl oride, boron
trifluoride, ti tgl E] tetr chI %Bllel(%l%’ia . ttl11 ‘6%% aat%ﬂ‘m@é{m d'a%hl ori de and
et hyl al uni num sesqui chl ori ?e?perreén [ BOBYT e s s"such as

met hyl al um noxan@n@m@ngaadlomdéow% teé?loll ywithas iogmaebodieaid] glte@emebn tMating Lew s

aci ds such as B( V@Ea))%lam SR h@@hsewkom §zwd§amm&dalyrgott9@ scont ext of
the disclosure. Po |y wéenat es [0060] Pol phogenates in the present

di scl osure incl ud’@”’aﬂ&?métlwé Ao Ochtr &%FF“EY? E‘liffﬁmtI HeEhvidify or
partially nodify ssababysddinganpl exes in a car bocatl on| c polynerization

catal yst system @ﬂme L d|n onpte or mmc
the formation of(i I ff’eren IC%H C?VOMI n}:eéstmﬁ%de Omoé)nﬁfnemo anéc]iptgés)m rﬁ)\lﬂerﬁg di fferent

pol yneri zati on r distes herpif f@ﬂ@rﬂf;@ pﬁ)h@nwevlmm iinghude a@lwsob@tfylenﬁewbﬁ%fri er ent
cat al yst conpl ex I&n@gayﬁcﬁc C oy iR el & ol Ry Rhd. f&ﬁmﬁ@&thﬁqﬁ rp@i:yemﬁf

propagation, chain fransfer, term nation react.i i ke,

observed by di f f SPERISUED Ay RETEp STt rpélgﬁmlvlw&ﬂfewonﬁlffﬁécdpwévgﬁﬁce of
relatively differBoincpiOppsyhens 19fsotulenpaldynmikplogesn aide) idobutjiir

pol ymeri zati on of dgoopclnefl n nononmers with a Lewis acid and initiator in
diluent, the raté of °s ppI y of the pol ynorphogenate to the pol ynerization
medi a or reacti ofl#dne cah tre wbedmay Latyt oplymot arephiamdsm teectinpdul at e t he

nol ecul ar wei ght ;GhabActBkhRl hSSixfe ﬁdbr%o Qﬁéa\(ﬁ‘ﬁf §CBB @QH&E&M rﬁoqu)él'd' ng MAD.
[0061] The pol ynor phogenate is prefera bl'y sel ected from nol ecul ar oxygen and

chal cogenat es, i RETRIATHEYCDRGEAMENCORPYDFNBL HRPT EUYIHEPHHEITHGORHI o

component. The isoolefin is in a range from 70 to 99.5 wt% by weight of the total
comonomer mixture in one embodiment, 85 to 99.5 wt% in another embodiment.
In yet another embodiment the isoolefin is in the range of 92 to 99.5 wt%. The
conjugated diene component in one embodiment is present in the comonomer
mixture from 30 to 0.5 wt% in one embodiment, and from 15 to 0.5 wt% in
another embodiment. In yet another embodiment, from 8 to 0.5 wi% of the
comonomer mixture is conjugated diene. The Cy4 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 Cy to Ci4 conjugated diene such as
isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, B-pinene, myrcene, 6,6-

dimethyl-fulvene, hexadiene, cyclopentadiene and piperylene. One embodiment



conpounds. Mol ecul ar oxygen can be added directly to the polynerization 18
nmedia, or with the aid of an oxygen solvent, adduct or adsorbent from which
the oxygen cagobfsfifadi |y rel eased into the polymerizat pefu§R6dssss

(0062] Oxygenat es useful in the present disclosure can include substituted
and unsubstituted ethers, ketones, aldehydes, alcohols, esters, carboxylic
acids, and the like. The oxygenate can have fron11 to 12 carbon atons or
nore, preferably from1l to 8 carbon atons, nore preferably from2 to 5
carbon atons. In one enbodi nent the oxygenates can include at |east one
noni oni ¢ oxygenate. | n another enbodi nent the oxygenates can i ncl ude at

| east one oxygendt dhtaf © Eﬂﬁﬁvmﬁ‘éﬂﬁﬁgf@ﬂ“héﬁﬁmm Brewiyes s Bi'er s and

ket ones, espeC|ahhy)@hh@mﬂm&ndeSU®nesm%mn@kmdbngzmﬂﬂmgmamunﬁsmﬁi an et her
or ketone with an hol o ferJed oxygenat 3].Sui tabl e et hers
can have the gener%ﬁygg?ﬁgfﬁﬁﬁft éﬁﬁmghl R ﬁke“&ﬁ%%‘%an have the
general fornula RM4E] 0) - RZhis wiselpairn fuRlicr gpleteRR tmelyingr epd tetrerslynyerssubst i t ut ed

or unsubstitut ed,cm%aaswo%ea)nfarnawa%@my hhdRtd. se}iqnléa/Lbov@rwéf@rreakéf@mm or
aral kyl, having from1l to carbon atons, preferab from1l to 4 carbon

at ons. Representé??ﬁ@“@ﬂ%@? tﬂ%ﬁ%spﬁwn%h&mﬁ?“wﬁn“ﬂﬁ lsigte SARSERY f2d et hyl |
propyl, |sopropyhhwbmkykneqﬁ@ﬁu$ybmmsﬁg1muthm penblyfistyrenechepentyy | hexyl
cyclohexyl phenyl S 1 t he oxygenat e does not
include tertiary By Epﬁﬂorwg?ﬂe (gfﬁgmne géﬁﬂcéﬁm?ﬁﬁ%Tf %&g@ Ftie
initiators; in an@bmlpneeﬁmlormaﬁﬁnltstmnhéplpﬂel@lplalpmyeth»ﬂ stytedé)f p(ésrnserﬁqfes not

i ncl ude tert'ary1@%&Mhm%5ﬁa%§whamQR@»&H@@Q%EE@&co&ﬁ%m@%&%ﬁ%ﬁ&%ﬁ%'On medi um

is essentially free of tertiary kyl ‘ethers, e.g. 5 wppm by

wei ght of the poPV%@Y*%@fT%d“%%ﬂﬁﬁﬂﬂ”ﬁﬁ@%?fP@y?%bﬁ@@@ﬁfﬁtPWEB@Pﬁers i ncl ude
di net hyl ether, guenhbyyistgtrand cyopdawtieicnyl et her, diisopropyl ether,
nethylisopropyl %Qgr et hyl i sopropyl ether, dipropyl et her, nethylpropyl

et her, ethylpropgr—ét%er, i sopropyl propyl ether, and so on. [0064]1In one
enbodi nent, the p&M49neri zat4d peafcmeldimbndiment dwdemisi aald| (glsdf reiaedio aalhvohol s and

other oxygenat es cs! Hﬁtﬂltc@%r s 6 @Y YIRHALER BDTLOH orpasa/tg@na% eﬁougqnpr ising a
Bronsted acid that can function as tfue initiators, e.g. |less than 5 wppm

preferably |ess tihad 204 15 Adperipdic htigHthedilen s ‘bﬁ‘i‘@]&t}ol"faﬁl‘i‘”&)‘ﬂu%dl um or
| ess than 0.001 muilies, QBanﬂb&mmfzhﬁmm& ag] t{nsdium,l @sdnkd] sntBicnlaindon, the

al cohol m ght ha\élsmu% ﬁne ie\l‘%d mﬁg Nakl/%mllflc"cg Cl?Zlél tkiahsoglgglremféﬁstealésye%g bu1§e or

excessively increase 't ot her
MAD-control 19 poﬁyn@ﬁwhagéndﬁéwwmnIanmﬁﬁ@mdQNMOmﬁneﬁbakaﬁ@mhwws useful in

one or nore of t@&oﬁ%ﬂQR&hmi@ﬁﬁm§&ﬁ%ﬁ%§é§m§&$%rﬂh@&mea&Mh§nﬂh§ﬁ|Osure
preferably in conbination wt er Ongén te such as an ether or

ket one, include éW@eHﬁKﬂﬂﬂgblﬁéHﬁ#Qﬁhﬁpﬁﬁi & boChtBAs Clor &1 érably from
1 to 8 carbon at @ﬁrﬁcuumprp&fopw&ﬁfoalbicm BF;GdRoltht hodknCawhagd.at ons.

Representative e l es i P nol . prop pr opanol ,
2- et hyl pr opan- Zﬁ%m@ cyclo exa 6F§ gqﬁgﬁfm ﬁf%mﬁﬁwmaéﬁ”mﬂlaxﬂseful in

t he feed strean1a@@@ndﬁnghmm4tﬁwslﬁns@l@@MX@aﬂnbbwngQWGﬂdywbdﬂi

2- et hyl phenol ;  2.,8-l %@&ML&%QQ% fludting thQM%PE‘n%&QJe anl 1&1'11%0‘;1%;3@?
2,3,4,5, 6- pentafluoro hydr oxynapht hal ene. ycols and

pol yol s are alsocgﬂFFaﬁl@%’?H%tﬁl%6ﬂ6W§m@§H b@mEUB@FSfﬁW@&deﬂm§ubstltuted

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

[0051] Group 4, 5 and 14 Lewis acids useful in this disclosure may also



[ 0065] The pol ynorphogenate is preferably present in the nononer, catalyst
or other feed streamin an anmount that is effective to influence nol ecul ar
wei ght or espgehakhisMD, as conpared to the pol yneri zaptpsihddpys the

al cohol . I'n one enbodi ment, the pol ynoi phogenate is present in the

pol yneri zation mediumin a proportion frcgm alower limt of 0.001, O0.005,
0.01, 0.02, or 0.05 up to an upper limtof 1.0, 0.5 or 0.2 noles of total
pol ym)rphogenate per nole of Lewis acid, or within any range froma
specified lower Iimt to a specified upper Iim't Alternatively, t he

pol ymor phogenate i s engl oyed at from5 to 5y wei ght of the

pol yreri zat i on nedY UM SPealdpegh ofRaXen &WFIB%IH G&%‘pé ¢ 82 otsArorstBgenat e with
an et her, ketone fof a@ioh@/ralemcmwmrmh&geﬂa&l&-,tedttdaa tiad gtmip@br(ssﬁmgnfe:[ erably is
enployed at a lo o] Llon t e, ethe et.one. or ot her
oxygenate(s) 11 Gl Fk a0y @D HIRSaLS, SR F a0 B e T i1
have little infl Uemcetooderis tathelommltiemqnd@émlm@ dbyghe gyutcemsstingaelf a hi gher

proportion of tOtfﬁbrl&Oka%pﬂQﬂﬁ%Q%Q ibdine® ?Efe%@dohlohhﬁ W%ﬁ@ pbg broadened
up to a point at which the pon hogenat e cat al ex may begin to

predoni nate over PStHRI0EH: ol Y&t mgib‘&le’éf‘é“plew ltlﬂ“dﬁdEﬁ“FX“éiﬁ’é‘l‘m feehdgrid J

pol ynor phogenat e dithezyMdbiuma\idaRid) bedzyd@chniune. tridik@idé,0udbnzplairdprtamphogenat e
can be present in.a r.an t pref erably
in a range where Wgcnc?egl Q?amumr gm@lr)l o?niac%ﬁl%am n&étlriué)fa{csleéIs}j lr?e'r}lﬁ/\?iot al

pol ynmor phogenat e dlCéIOtl&mghhemdm}}e@ummehlendWD decreases in response to

increases in the jpgyel of GI&B@'S%' Mnﬂ%ﬁvﬂrh‘éﬁ@ﬁ@?u@n@hﬁ dﬁl:l%s‘alepﬁe?ysil@ e. [00661
The pol ym)rphogenate can al so be selected fromthi o conmpounds

correspondi ng t o "¥eht 8FEEbIHE bR GRhArEsounhSheFh N e CEip rﬁ)lseoro‘i4 t he oxygen
atons i s repl aceanehy, vnesialHous aatoﬁmﬂeﬁol&dreoaajw Adicdl kileet h’;eﬁlﬁhe(gf@ibc apt ans)
and di al kyl t hi ocar honyl| suitably e 0 r ho eni c

chal cogenat es. THe "t qﬁl "OO%CC(?[O %‘&n(lﬁoxyca i ’Béal mf)dyelgyl lo}p ra%g?a”ﬁ ¢dnbi nati on
wi t h ol ecul ar om}og@wale@trhyémearl@m lmrabqe@xtydg@mtﬂ@sgroup@@6?]11@:10@1@0612rrent s, the

one or more pol YTZR%PQQE ?@fkﬁ aﬁylﬁf’\ram@@ycmkﬁ%&ghf,mm REYGERImANG 4
chal cogenat es, ani ¢ oxygenates corresgondl ng thio

conpounds, and cdRbT Hapiitiest ff‘)r‘i‘éﬁqg’é‘f““d"l*?‘?gmﬁé‘l“?Hﬁ%ﬁ@’d%%%{cﬂ‘an&l
noni oni c. I n an enbadiargsi ;ndéﬂéﬂde@t@l ydmrenhﬁgxemat @1()&;)) chrSistiat ofafliiasst ed

acid.ln an enbodi pent the nor. phog can, he ope or rg organic
oxygenat e(s) sel e@?énﬁ fbloml a Xnd (dee é’t%lgjly Clglofme ma%tgifos% “al’ dehydes,

and carboxylic a@bldéohhlagﬁnn@whﬂmmnz campl@ lmb@mﬂmwmiuml tricldpge.her

enbodi ment, the %ﬁk@x;@l?ammr@icl@&%“!ﬂ&qdﬂ?&}é&@ﬂ@&%ﬁhlcﬂaﬁhebshe%@yﬁ&ﬁlﬁxq from at
| east one et her, | east one ketone, or "a _conbination thereof. The one or

more organic oxy@é’i‘fé‘f@(s)T’heé‘élﬁ‘e%EP‘g/é“cioﬁk‘:‘P‘ucféﬂ‘éﬂ‘fd%l SuHEl . mpRowtEEiEm

enbodi ment s, thedRRerid2l MAIE @QFPRMIC daxpgenahe (igpzyhasopidpeivdnation8 car bon
atons, or from 1 J 4 ar bon atons. [0068]1n an enbodi nent, the one or nore
or gani ¢ oxygenat e’(cs)) I’s sel ected from di net hyl ether, diet hyI et her,

met hyl et hyl et hetl0538i i soptopyb Letvhearids mefuhinl tpxsolpylbbueet Iner alsoglialhy thpr opy |

et her, di propyl @én@ﬁf ford VB Mﬂ)@ﬂ%&%m @tlbgr(}lo\?tm&tﬁr Qﬂye!m gtlh@'halowen
i sopr opyI propyl ether, acetone, and ket one. [0069]Tn an

embodi ment . the BBl iorkct fanits BRY R W eBHpH i gBe bromine

and iodine, preferably chlorine. A non-limiting example is vanadium
oxytrichloride.

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

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



an al cohol selected from nethanol, ethanol, propanol, isopropanol, butanol
i soners, and isobutanol isonmers. [0070]1n another enbodi nent, the one or

mor e oxygenat\%g)os,hﬁb-,%el ected from net hanol, dinethyl ephfis20aaRIsONE,
di ethyl ether, diisopropyl ether, and net hyI et hyl ketone. [0071] I n another

enbodi nment , the one or nore pol yrmtphogegat e(s) can be a thio conpound
corresponding to any of the aforenentioned organi c oxygenates wherein one
or nore of the oxygen atons are replaced by a sulfur atom [0072]In
enbodi nents, the one or nore pol ynoi phogenat e(s) is present 21 in the
pol ymeri zation mediumin an anpunt to provide a nolar r

pol ynor phogenat e ef‘@“ﬂ_‘é"\/\ﬁ’%‘daéli“’ﬂi“nf”@é‘éChPH%b%‘mtl”iﬂbcfﬂdﬁ gﬁli‘”‘ﬂﬁmf”(?“%’ 84 or from
0.05 up to 0.2. lindigheifbhetdeenbodi nent, the control | ed pol ynor phogenat e(s)

I's present in an [%EQ nt t%{%‘bg\!gﬂgvevls%m?grgtb ind g%c?%surg %anib«?hégfx){]%enate to

total initiator fr 0.01 nitiator
[0073] I nitiators gstsfe?fllftbrmuln tMRné(udN@@ISlo%rbeﬂ @lroep thostel; Rni ¢ inppoeisntwhi ch are

capabl e of being }1991%11%@ghdapﬂeﬁctgd“'h&ﬁme%r lcUﬁmmé%fté] tB I@% ﬁm%%ﬁ Lewi s acid
to yield a conplex which reacts w he ol ef her eby formnga

propagati ng pol yr?@fla”é%éikﬁla‘yﬁ‘]dﬁ%‘tkfaé@’} r@@%‘x%"h’ﬁl iBe quppRyr lﬁ‘é?%‘ Ogp 3n}§t*€d aci ds
such as H20, HC1 haﬁmhebmeﬁlglsﬂedﬁdl fBonBithe gkdaly Icorgrsmtgp)f fluadidey thidrmki des, such

as (CH3)3CC1, Co6Hh 4-trineth t ane nd
5 chl oro-2- meth I:\locr:lgme %%delo %ﬁlcfma gc{ﬂ{nme %(imag a%slotbea yuec?o%q géco#ﬁ exes, such

as netal |l ocenes dmdtmgtehmplﬁguwhdmhmmrahm ﬂlhldml@m‘lcﬂa/@ﬂuna@lns@lﬁwr@%| te

catal yst syst em,be&yﬁmnﬁ@m\m@m&ﬁ@l Vx@Jb@Qlchﬂlﬁrﬁ' weaklise, CaRfdhAlhAg Lew s
acids or Lewis acid salts have been used to initiate isobutylene

pol ymeri zati on. [007 | ndi@phEMpaEiHenthioidfe SHEEYMIMEY e *?*H?l‘f}il‘é{‘(d&r (s)
conprises at | easﬁet@mﬁmmmw@mmatea;lmbtnylamhmeandeﬁéamhmﬁmnn t he one or

nore initiat or(s) nde dent ected fromthe onS| sting
of a hydr ogen haI |0§§|n N Carq{)g???ewm acné{qdl%g{-]ul il tlnvbdlqcl sure ma lg ﬁeg‘lgltlg
sul fonic acid, arcstdohohla l\ﬁR@}aIémﬁi rmaWheagin Maip yGallukyiﬁ mhtalli whkaein ROt ertl ary

aral kyl hal i de, asms&olvé}&xhydr&wbm@%ﬁ&al scﬁctt@fr&dl?ffc)éuﬁf @Ank,yt %%tﬂo, a
tertiary alkyl ether, a tertiary aral ar hal i de,

al lcylaryl halidés aberyarpfiomy k?/‘lyﬁtl;‘P’éY Wﬁ‘P’laH’épr radicals; "R’ S mO“O"a fone”

hydrocarbon radical selected from the group consisting of C; to Cy» alkyl, aryl,
arylalkyl, alkylaryl and cycloalkyl radicals; # is a number from 0 to 3 and m is an
number from O to 3 such that the sum of » and m is not more than 3; X is a
halogen independently selected from the group consisting of fluorine, chlorine,
bromine, and iodine, preferably chlorine. X may also be a psucdohalogen. Non-
limiting examples include methoxyaluminum dichloride, ethoxyaluminum
dichloride, 2,6-di-tert-butylphenoxyaluminum dichloride, methoxy
methylaluminum chloride, 2,6-di-tert-butylphenoxy methylaluminum chloride,
isopropoxygallium dichloride and phenoxy methylindium fluoride.

[0057] Group 13 Lewis acids useful in this disclosure may also have the
general formula M(RC=00),R’ X5 (mny, wherein M is a Group 13 metal; wherein
RC=00 is a monovalent hydrocarbacyl radical selected from the group selected
from the group consisting of C; to Cso alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals; R’ is a monovalent hydrocarbon radical selected from
the group consisting of C; to Cy, alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl

radicals; # is a number from 0 to 3 and m is a number from O to 3 such that the



1007511 n anot her enbodi nent, the one or nore initiator(s) is independently
sel ected fromthe group consisting of hydrogen chloride, hydrogen brom de,
hydr ogen i odigqnednifsbsOr 0acetic acid, dichloroacetic acipdyykfohdildhsgt oacetic
acid, trifluoroacetic acid, p- chloroben20|c acid, p-fluorobenzoic acid,
acetyl chl oride, acetyl bronlde C|nnany} chlorlde benzoyl chlori de,
benzoyl brom de, trichloroacetylchloride,” trifluoroacetylchloride,

p- fl uor obenzoyl chl ori de, nethanesul fonic acid, trifluoronethanesul fonic
acid, trichloronethanesul fonic acid, p-toluenesulfonic acid,

nethanesulfonyl chl ori de, nethanesul fonyl bronide, trlchloronethanesulfonyl
chloride, triflucHembe psies aptmeshanchXat ¢ kosenyindependently sqlectrd digmetisny |

chl oride, p-chl Ofg)@}p%&ﬁlqtmg[bﬂﬂh&ﬂé Qﬂhﬁtﬁwbmm&&dm&o&né},p&teﬁablypﬂif@h&f Ixuor ophenol .
[0076] I n one enbodl d%%actor a dttp nle\1¥§56 system ar
substantially fré@ osowéfgfw" ‘?taHFlng'e¥‘8 oF “Water+y 4 1d‘eflned as

| ess than 30 wppnm@bas@dbupmnnvdmmhmmBHQWUbeEEM@yba&dhystd@W@tbn)
preferably less Hﬁ%@l%Qm%ﬂ%ﬁhmﬁhﬁ%ﬁ&ﬁghxmkF%%k&%ﬁ&m&@m%@ﬁﬁl preferably Iess
than 5 wppm preferably I'ess wever, when water is selected
as an initiator, [P458] s adH@Hc%lwfém@étLaw@@dw@t Ry of Bosorelbit  at

gre?terblt han 30 v@a@mc poBhenatdny ogrﬁaiu@ﬂenb hadibo&ﬁielmpmamldlag)d awﬁﬂmrmrel
preferably greate 0 m_.( bas ot al t he catal yst
Breten. Toava rsties SimihR ehbBat et P ehat i e lFiH eutsidieone o
nore of a hydrogemdhialilode, dictalrlboinyhi ccldgidd, acbdrlboxyhi cdigdirdehal i de, a
sulfonic acid, an,&leahlm @ech;lfb%mhe dﬂnett@iaﬁdnﬁx{u}éq alidewt, Mn' Qﬁum@et e”' ary

aral kyl halide, a tertlané ester, tiary aral ﬁ ester,
tertiary al kyl ettFsfum gtrg Mliiearegf afﬂtawﬂylaluéw& dlclé@ |ang ftiy igymingpay | haI i de,
al kyl aryl hal i desesquiiciaérik 8dikoyrérered. hal i de. I n one enbodlnent t he sel ected

initiator is not al cogenate, e.g. an oxyvgenate orr ndi ng thio
conpound. "Substéﬁ??glly '%?%ﬁ?“fWHg?é?%W§ﬁ§‘W%?oﬁw%?%ﬁ@“p%ﬁgﬁgogenates or
a particul ar genussiged spédy e®rdikvene béwis peidsheice at BlG8E1): sty stsermuitadledef i ned

herein as a nDIaqk&gg&gﬂgmﬂnggmhphgy@gQgﬂ&gglcogenate to Lewis acid |ess
than 0.05, preferably Iess than 5 ), vppm based upon total weight of the

pol yreri zat i on mBglviaiphessiési al |y | ess than 1 wppm In an enbodi nent, ionic
chal cogenat e i ni tig@bpors ar@ymipsbabtd al tllé/pl@é@ﬁtﬁiﬁcl()b@@@cliuﬁb @R Qlch@it enbodi nent
chal cogenate initi re Bron aCH%Fh% bst tlaJIy absent .

t[%&ﬂ%thm % 3 cEted !
[0078] Preferred RYUFBERITORAIMIGEHT U SF @iy “Eht'dri de,
hydr ogen br om de cabadatopdr pgenerizawih detaly pawmlgmmamhgapLeMeandmhydrogen

hali de i's hydrogenehlopiies of ANTALRIELRRLES GREDPM Eul dipinc! ude both

ali phatic and aromatic carboxylic acid gg es of carboxylic acids
useful as |n|t|aﬁﬁ*@“Wﬁmgﬁﬁ?ﬁﬂfg%ﬁﬁ%%ﬁﬁnF%%i deraie eelyBerigeion, i $panoi ¢

acid, butanoic a@ﬂccﬂlff&énﬁllﬁlﬁmb@ cahplek spb@é%zdﬁh ch a@d d> differ&lbsOh QRC R 6F aci d,
dlchloroacetlc acid, trich oroa%etlc aci d grqgcetlﬁ aC|
‘H O‘P IF t i

p- chl or obenzoi ¢ AEPH %N §IaEL K1 ?6%@H%%F’”%3? eut i %7%3 éf en- ed
car boxyl i ¢ aci ds diffechtuddydispersifitsoreoddret fromatbe drestnce fof uolroalyt éiffercdci d, and p-

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

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

compounds. Molecular oxygen can be added directly to the polymerization



23 fluorobenzoic acid. In one enbodi nent, carboxylic acids are
substantially absent fromthe catalyst system [0080]Carboxylic acid

hal i des usef ulohfashfdks disclosure are simlar in structgefulReGRisgPXylic
acids with the substitution of a hallde for the OH of the acid. The halide
may be fluoride, chloride, brom de, &dl de, with the chloride being
preferred. Preparation of acid hali des frfomthe parent carboxylic acids are
known in the prior art and one skilled in the art should be famliar with

t hese procedures. Carboxylic acid hali des useful in this disclosure include
acetyl chloride, acetyl brom de, cinnanyl chloride, benzoyl chloride,
benzoyl broni de, Pdiaehn GihdacEt 9f a“é)l’ﬂf-’t??r(déem £9dugt of, s Haﬂ‘éfrﬁ?‘lné”ﬁfcbrﬂ?ede
trifluoroacetyl ohtl@nicaecandptibdiariabenpoyhethihingdeia. Partl cularly preferred
acid halides incl acet y| i.ch cetyl
chloride, trifl udy@gket yl ¥) enate‘d’eeq@rlfﬂt%e ?rf%3tr“g%§%ul%ca RS S”h ltu(?eadl n one
enbodi nent, carboxy Iun%ub$wrad chhatsi mearaelels'dbsalmhpisattstegs emlsenltc fcrdom t he

catal yst system alrlg)Ql%lllkgu"ﬁQar?ge%é A MSEHkUh AR INLIAAL K5 b Imbdi S

di scl osure include both ali ic and aromatic sulfonic acids. Exanples of
preferred sul f onikefgribygon rllé‘P B b e g nBaE PregbY fny ¢ito 5 carbon afoms.

trif : uor omelt Panesm lohodrodiaehtdie ctxr_'ygecmlsma@rmtuhaﬂeé‘aud Jnemmﬁmﬁc(r@geamelb .
p-tol uenesul foni ¢_aci odi men c acids a ubstantially
Pbsent Trom the daealiysr By BRRR Toseara rli Aef Arar Ralb Wl by ol T Thi &
di scl osure are srnmd%mmted a«s@ r ld¢hydes, cthorsgud foompscespesiadls ctrs dndtkbtencsubst i t uti on
of a halide for tutfb?udgg' c%rnbltngﬁmvp@f %ntethécbldketo-ﬁg%nmaa{n' Q@oh@iaﬁre%etfmllédor' de,

chl oride, bromde or rTodide, wth the chloride being preferred Preparation
of the sul fonic RWBYH"HA i des from the parent suI fonic acids are known in
the prior art an<10rmn]e ski Blluesllebtnert&b@haretthesgamarmﬂaaakam k1 &K Switdblk t hese
procedures. Pref sul fonjc acid _h ul . in cl osure

i ncl ude net hanesg(ietf“@) Sy o tlll’? F&H f?‘ﬁ%nesu?@i%i B S d(] P Ge

t ri chl or omet hanesukfeodopily sivhtoutcder, urtsrth'stﬁthtad)rs@netem@ne%ﬂufa@dwkyb hivéri de and
p-tol uenesul fonylalkgr?i OF 4961, hgﬂngoﬂﬁn e Qi BN ms, Sikcf00IE6mAGh 8 @i des are

substantially absent from'the catal yst system |[0083]Wen used in the
catal yst system 28PgoReIrSCide gLt RlapdReFa ‘P‘"ﬁ“dﬁr’ﬁcgly’d%%‘l geRibe i ncl ude

met hanol , et hanolisopiap@panal ,1s08utprr Q&ﬁlﬂ@h pe?znyrrrew@wb@mpr&myr zyomdheXyr
cycl ohexanol and be{JIald al cQ nol s, usef C’E’f i scl osure i ncl ude
[

24 phenol ; 2- et r"i’yﬁnﬁ ﬁo on, on mbf)?e]lm'snt th% 8)fygenate S Onroomﬁludc t|ert

p-fl uor op_henol alkgl, 0405¢16>ﬂreemha;ﬁllcm0ﬁumphlemrue ne.tW@IQnrﬁylglth@)@ylhmmnhal ene. In
one enbodi ment, @l.CHRALG & RoAHRSIBAAL ha! huAPREAl, LEPMbAE cat@leyst system

embodiment, the polymerization medium is essentially free of tertiary alkyl ethers,
e.g. less than 5 wppm by weight of the polymerization medium. Specific
representative cthers include dimethyl cther, diethy! cther, methylethyl cther,
diisopropyl ether, methylisopropy! ether, ethylisopropyl ether, dipropyl ether,
methylpropyl ether, ethylpropyl ether, isopropylpropyl ether, and so on.

[0064] In one embodiment, the polymerization medium is essentially free
of alcohols and other oxygenates such as ionic oxygenates and/or oxygenates
comprising a Brensted acid that can function as true initiators, e.g. less than 5
wppm, preferably less than 2 wppm, by weight of the polymerization medium, or
less than 0.001 moles per mole of Lewis acid(s). In this situation, the alcohol
might have no effect on MWD, or could otherwise suppress or excessively

increase the MWD effect of the ether or ketone, or other MWD-control



[0084] Preferred tertiary al kyl and aralkyl initiators include tertiary
conpounds represented by the fornula below R X R2/ wherein Xis a

hal ogen, pseugdehakegen, ether, or ester, or a mxture tbefeohesRisgf erably a
hal ogen, preferably chioride and R 1, R2 and R3 are i ndependent |y any

|l inear, cyclic or branched chain aIkyIs 19aryls or arylallcyls, preferably
containing | to 15 carbon atons and nore’preferably 1 to 8 carbon atons;
and n is the nunber of initiator sites and is a nunber greater than or
equal to 1, preferably between 1 to 30, nore preferably n is a nunber from
1to 6. The atyl al kyl s may be substituted or unsubstituted. Preferred
exanpl es of |n|tﬂﬁbﬁ@&m%ﬁEWudea%“@h@%Pﬁzm%‘ﬁ”PW?Wﬁ@h@Pﬁeﬁﬁ%ﬁe3t“

2- brono- 2, 4, 4- trn@@tohgélacpeﬂailﬁ@ecco%ﬁghb Ollith\Z}osd@bﬂ@ﬁébﬁl’y@rﬁ)aﬁ&ma’uon with

2-b 2- et hyl
ronmo- 2- met nyl pr e%?)gyr%%ahe s]u%l a8 afj et%bl dlg(ﬁ ne, RE& ar{eog hyl’“{‘ﬁ 110 1o

2-brono- 2, 4, 4, 6, 6-pét eptane; 1 o- 1= enzene;
1- chIoroadanantadécmmmuhkmﬁmethwvﬁemﬂenécwmmfﬂmbl@@Epw&h%bﬁbmiLWethyIethyl)

benzene; 5-tert- bll*l;ta%l)n éltorﬁk IQ ﬂe&nt@tnje ex'«ﬁ‘xt};'l& &Iu@ke mgﬁangp é’t{\e@lolt E\X{)]a)nolbﬁ nzene,
2-acetoxy-2,4,4-trimeth Fane enzoy trinet ent ane,

2-acet oxy- 2- met hﬂ%ﬂ?%&ﬁ@thy@r%’@h% oy %@exzn%eﬂ%%ﬂaﬂ 61;5%1% Phenol¥ uséhl
2-acetoxy-2,4, 4, Gy ﬁrc f&ﬂmlaalﬁﬁﬁch(}{lhhgﬂi t‘ﬂﬂ&hqclosulc include phenol; 2- methylphenol

2- benzoyl-2, 4, 4, ne a et et h nzene;
1- aceot xyadamant n E%%ﬁ“%ﬁ%%p E §n£¥%3}gP r%ﬁmmo w?o y-1
- met hyl et hyl) bemz@ﬂéymSQMGmmﬂbwtymwmhwahg@dbOWQEaevmwymmmknEﬂhy | et hyl)

benzene; 2-met ho&%ol%ls%aéséqhbs%ﬁeﬁﬂﬁ%ﬁtﬂﬁk@d 2- iSOprOpOXy , 4, 4-
trimet hyl pent ane; 2-net ropane; 2-benzyl oxy- 2- nmet hyl pr opane;

2- net hoxy- 2, 4, 4,|468L pent glﬁepﬁwwr%%i ;s z’r?f%%vr @E@%@;‘/ 1 the  MORONET,
pent anet hyl hept arealyst or GBI IRQX ytreaﬂ;-nﬂ'ﬁi dw)hﬁtﬂkhy lshewziens, 1nfﬂ.reﬁemcmyadarrant ane;

1 - methoxyet hyl b en%ts(n B@péécwéhyllMﬁlgr ﬁlo)gomliaxed 8) i‘,Y_lm lpolyﬁlenﬁaﬁ{onbwmoujt }hebenzene °

-tert-butyl- ~25%¢ &hzéne“and 1, 3
,5-tris (1-ch|or@kmuﬂneﬂmymbe@hyhmwMenmenewm@mheﬁmeuutabﬁenlmlﬂmators can

be found in US pabet:iAicd4faRR%n o Wipshod RoM €& ilNGCO8 BAr gbedoly, ref erence.

0.02, or 0.05 up to an upper limit of 1.0, 0.5, or 0.2 moles of total
polymorphogenate per mole of Lewis acid, or within any range from a specified
lower limit to a specified upper limit. Alternatively, the polymorphogenate is
employed at from 5 to 25 wppm by weight of the polymerization medium. If
alcohol is employed as a co-polymorphogenate with an ether, ketone or other
polymorphogenate, the alcohol(s) preferably is employed at a lower weight
proportion than the cther, ketone or other oxygenate(s). If insufficient total
polymorphogenate is employed, it will have little influence over the MWD. [n
some catalyst systems, as a higher proportion of total polymorphogenate is
employed, the MWD can be broadened up to a point at which the
polymorphogenate catalyst complex may begin to predominate over other catalyst
species; with additional total polymorphogenate the MWD may begin to decline.
The total polymorphogenate can be present in a range that is adjustable to control
the MWD, preferably in a range where MWD increases proportionally to
increases in total polymorphogenate, although ranges where MWD decreases in
response to increases in the level of total polymorphogenate are also possible.

[0066] The polymorphogenate can also be selected from thio compounds



[ 0085] Anot her preferred initiator is a polyneric halide, one of 121, R2 or
R3 is an olefin polynmer and the remaining R groups are defined as above.
Preferred ol g Ropplsygers include polyisobutyl ene, polypgppyh@ngissAnd

pol yvi nyl chl or i de The polyneric initiator may have hal ogenated tertiary
carbon positioned at the chain end or al ang or wi thin the backbone of the
pol ynmer. When the ol efin polynmer has mul ¥ pl e hal ogen atons at tertiary
carbons, either pendant to or within the pol yner backbone, the product may
contain polyners which have a conb |ike structure and/or side chain

branchi ng dependi ng on the nunber and pl acenment of the hal ogen atons in the
ol efin pol ymer. LPRENTEES ¢ Hhe RIONGFOXMERNL HERPE &F fMO%rs} “ﬁfo‘?’?ﬁ*‘é‘r hal i de
initiator providesn imephed Hy(lirbuﬂ"ﬁloﬁdﬂﬁl AQr c&arﬁlﬁladhliﬁéthdtﬂ’ldn&l’baﬂs’fw) annt ai n bl ock

copol yners. 10086d1 ﬁgmar lo;?rl ref {erred |n|et|la Qr s, ;my mm en%f t hose
useful in cationi¢ Pat fOn &t TS8Rt yI"BRE coBol I’Spl cludi ng:

hydr ogen chlori de:ha@g@me@r ahezthlb wmpwndmah)blepelnbmdealonﬁﬂchl ¢onbatonnet hyl pro

pane, -chl oro- ]Wlthrﬁg,tlggmgl%g(%h BeZ §NBore &Ceni®E hanol . 100871Cat al yst system
corrp05| tions useful in this disclosure typically comprise (1) a Lewis acid

co-initiator and [fY] at | Easpbodifsntyotlf fRers “io‘r?cﬂ’%‘i‘ol‘iﬁ’o%eﬂla@@a%aﬂl ne
initiator (which semeyedb@om wgwmrlprqumatd&) and at fbxeaSJrnIﬂH’leorgamc

pol ymor phogenat e e.an initi ), _Pprovid n the
initiator conpri s"%%genag gy%%ﬁ’ﬁmdl% % Cfm i SE (Cfmg)lnﬂ‘a %]rqetﬁ 1‘fOfV\h\[j\i)nen t he
pol ynor phogenat e ppls'mamhqgnmate('at on), be hmomalnlal ystInsyayt emﬁorhlmeme;éhea second

initiator, prefengply,iparehalcagenabentey tabl@rt orpand &sRerkAl iy a
non- oxygenate i ni t| ator, preferably at a higher nolar concentration than

the pol ynoi phogemawowﬁgﬁaaet g7, b9 ﬁneamprn@feepﬁg@ac SRR NECtthdorewi s aci d
coinitiator is present et@dﬂsy%haree eimgmdal@@ut and cﬂrbtﬁ@hcee&ldts hm fidhel oot al nol es

of initiator present,to abo % es of initiator present. In
a further preferrﬁgﬁ‘“g‘flr]t)mdns 3 hi?° %emqr_%mem tg?:lo%f Coin tEatol y%enat%gesent at
anywher e from about bdseBcted frew & Mmsttat athenral lest ofe fetung.i @itaorompmetment t o about

20 tinmes the nol @3, Qf +iRidk 8t BBU,BFO@§1€Giyggdan(qgc'ﬁra@qt)‘?ﬁcﬁtﬁg a@@p&gl ngnt the
initiator is present at any\/\/nere rom about nol es per liter to about

10-6 ol es per | iothgrembpgimes theonper BEpPewiqffierdt@dy il Gf e8tdr or | esser

amount s of initi atodk, cafrém$td 4 darboh kbing t he scope of this disclosure.
[ 00881The anpunt depend on desi red nol ecul ar

the catalys 0 )|
wei ght and MAD of”gbﬁﬂe pol b et eﬁé‘fdm%t %%Iuogeec?l Woi'cal't OXYWlae(a?nge will be

from about 1x106 sﬁwlteésfmpledmtthstl @thert dletBylxeﬂrEC)-nzftlmthebeﬂpﬁerdubqpt%ﬂ elvd nost
preferably from %‘th?lp]:og%/llgthgf rgﬁllyﬁﬁopﬂe'éthéx' t(ﬁflopy{ Q@@IQ] xg@ﬁﬁélyﬁﬁ c§l¥:§t ems useful
er

in this disclosure ma onprise a catal yst conposition conprised of
a reactive cati oﬁt’éﬁﬁ‘ﬂpﬁe\ﬂéa‘k‘rwﬁé’@@%lcﬁ%f‘cﬁ’@““af‘n‘Idd’heﬂ(Y S#Pon" or "WCA" or

"NCA"). The cat alumsst] conpmsht:m@janﬁeanplbloﬁd mglotcr@amomm&(mdn{pukdgcI ude a
reactive cation and

i nstances ar nlova%l cat aI %V\;ﬁ /St ens.
[ 0090] A weakl y- c8‘6ra%?o Oélltl ﬁcdc aglloro“nmmg “defihea BsP &i t her
isomers, and isobutanol isomers.
[0070] In another embodiment, the one or more oxygenate(s) is selected
from methanol, dimethyl ether, acetone, diethyl ether, diisopropyl ether, and
methyl ethyl ketone.
[0071] In another embodiment, the one or more polymorphogenate(s) can
be a thio compound corresponding to any of the aforementioned organic
oxygenates wherein one or more of the oxygen atoms are replaced by a sulfur
atom,

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



does not coordinate to the cation or which is weakly coordi nated to the
cation and when the anion is functioning as the stabilizing anion in this
di scl osure thg, Vg Qegs not transfer an anionic fragmen,-pssidasisst uent to
the cation thus creating a neutral by-product or other neutral conpound.
Preferred exanples of such weakl y-coordipati ng ani ons incl ude:

al kyl tris(pentafluorophenyl) boron (RB(pfp)3-), tetraperfluorophenyl boro.n
(B(pfp)4), tetraperfluorophenylal um num car boranes, hal ogenated carboranes
and the like. The cation is any cation that can add to an olefin to create
a carbocation. [00911The ani on may be conmbined with the cation by any

met hod known to tiho&e Pelymeizaigtampdieniip |20 #nquple g PRVIdESr maky iiceofi n a

pr ef errgd enbodi rm@tngﬁ)hﬁgeﬂéﬁ‘e @MNeOR a&i&letcvisnﬁernqdﬁl@ﬁd.oi o © otsher f?jrﬂ (U(En%p as a
conpound cont ai ni n t e ani.on the cation in t orm the active
catal yst system ¥ ﬁ‘zaglb?ﬁ‘?g‘? Fragi rft’gtge ?ﬁggﬁﬁﬁgﬁ?OIBhoeglﬁﬁgéfbf feéeﬁ’9310nt ai ni ng

t he WC ani on fr agmemouwitgo piovigt a tmokatagd of orgpriodhye@ate he togah imdimtar iiotche  pr esence
of the cation or d(ﬁqgé'ij,\égeﬁﬁﬁ,q}j%@gg_rce, i.e. the anion is activated.

Li kewi se the WC anion may be "activated wi thout the presence of the cation
or cation source JjH¥eh is subsequently introduced. In a preferred

enbodi ment a conpe®Bfi on GHkA MNeRdid ME ARicARe aRdh@e GOIFARRS WhickRArecONt ai Ni ng

the cation are conbjined, and allowed to. react to.fogrma by-product, the
anion and the catcflfbai‘%ffg 0?Rel\l/ga?olmé’k%gﬁpé‘fsg'lmrbgdﬁéer?%ga%ﬁ?ﬁﬁ’ Osse%#‘{)l i“cé‘F%i scl osure
the WC ani on i s oqabianedhplixt Whioneapddly mexce et itenslefilhgherchy efogaheat ed from

different classes, ofq.ig/ponnftt EARS 1RRAaEAE PDIeS AHLESSonsR@ MBAPLE] &T T ed
cl asses are substituted earbocation, substituted silylium conpositions

capabl e of generdtPndlGh ProPBn(vherra Bds an.2lky| gop1piik brlided seRatipl es of
substituted car bgcahiconsciticiosdscis ybslianeag-thibaky@h@nd) epi esaniezt by the
formula: R-CG 2 +|?3 wherein Rl FZtanq. R3 age ipdepeqdent ltaXl hexdrogen, or a
linear, branched SHYR{REM Mol T er MSHARM R g olps> BFaPerably C1 to
C30 al kyl, aryl, aa¢ a@hdreydh ngreoulpthatoren ee pd snadd sike satdlfsesyetohs, sphef ehably a Cl to
C20 aromatic or %LAVQJZ! Witﬁ\ Elg}zg@ortﬁﬁam( g@)qs ta&@s} or%:‘was R%I&%af?J hﬁgﬂbccﬁz or R3 may

be hydrogen. In a preferre odi nent none o or R3 are H.
Preferred aromat "6 19 REPQHELPHERYPPYMEERIPP, xyl yl, bi phenyl and the |ike.
Preferred aliphatgews) i ncl ude dmbdiibnt, €8 Byl or nREORYbtor(QUbYprisependaptl , hexyl,
octyl, nonyl, d60é| ]dodec%l , 33— nﬁg_%%gq?ntﬁlme 3,9, 2~ _ethrliké;&g;%gnpgxyl and the
like. I'n a parti Q01 BPrSvespat e gy e HEHE . When™R°, ) are phenyl
groups, the addi tiiderenddtlancledtddphrarhi tbe @rouarwneting ol ac bivpdgesihghdef iacant | y
enhances the POl YIRELAAIILR cbod RORM MENE sk AOIAE! N RORK Ao &F e red
enbodi nent, substituted silylium . _ .

tertiary alkyl halide, a tertiary aralkyl halide, a tertiary alkyl ester, a tertiary

aralkyl ester, a tertiary alkyl ether, a tertiary aralkyl ether, alkyl halide, aryl halide,

alkylaryl halide, and arylalkylacid halide.

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

independently selected from the group consisting of hydrogen chloride, hydrogen

bromide, hydrogen iodide, 1-chloroacetic acid, dichloroacetic acid, trichloroacetic

acid, trifluoroacetic acid, p-chlorobenzoic acid, p-fluorobenzoic acid, acetyl

chloride, acetyl bromide, cinnamyl chloride, benzoyl chloride, benzoyl bromide,

trichloroacetylchloride, trifluoroacetylchloride, p-fluorobenzoylchloride,

methanesulfonic acid, trifluoromethanesulfonic acid, trichloromethanesulfonic

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

trichloromethanesulfonyl  chloride, trifluoromethanesulfonyl  chloride, p-



conpositions, preferably trisubstituted silyliumconpositions are conbi ned
wth WCA's to polynerize nononers. Preferred silyliumcations are those
represented hyobhg fsefsnul a: 11 R2-S_ R3 wherein R, R2 apgdRies @ity

i ndependent |y ﬂydrogen, or a linear, branched or cyclrc aromati c or

al i phatic group, wth the proviso that d,gly one of R, R) and R3 may be
hydr ogen. Preferably, none of RI, R2 and™R3 is H. Preferably RI R2 and R3
are, independently, ClI to C30 alkyl, aryl, aral kyl groups or derivatives
thereof, preferably a CI to C20 aronmatic or aliphatic group. More
preferably, R, R2 and are i ndependentl to C8 al ky roup.
Exanpl es of usef&PM%W6W%$¢CC@96ﬁpspﬂﬂVqﬁ§m ere%ree%eﬂ fWﬁnf%%gSQToup

consi sting of phqnmwmmh@hMM xnyI and blphenyl Non-limting exanpl es of
useful aliphatic LUPS be s d,.fro ou nsrstrng of
methyl , ethyl g F but Jjone “mﬁ% e“(Eh‘é’%yrf’a ot a%ldq,e H%HX/S? YEEEVC dodecyl |
3- nethylpentyl andbam@ﬂﬁﬁprWWeEhyﬁh@%yﬂMyAepanvaUbéﬁhyi@ﬂﬁiémrﬁu group of
reactive substitufggd @astyhlsou%t%a@pef rﬁ@xa&f eer;tp?@eribrpms & " oup
consisting of trimethylsilylium triethylsi yI 'um'and

benzyl di met hyl si mnprnumf@rab}r@m g L0aramsEtfaahiplsssdhen spRpner¢fepbis vt t he
substituted silylthdan apeh. Smet’lﬁsdflﬁ:nwa@fﬁ@éleeteﬂ@@aﬁn/ﬁato@@tli flded GtheW | Ki nson,
Advanced | norgani ¢ z% Li kewi se

for stable forns Bft ﬁe\teglatto)%ﬁre“en tﬁledté trl"r?a%”ﬂ’ﬁr“a%‘l\b Q‘&ématgﬁ%osr tions and
synt hesi s t her eofwprgeadBDiat manprirably s@rgathonit elphi (bascbmpowtrdseicthapman and
Hal I New Yor k 19§§ﬂwggg?§bAm5prrd source for the cation is any conpound
that will produce a when conbi ned with the weakl y-coordi nati ng ani on
or a composition @Hﬁ ai ni Hy efeediempodima HE el o GORF RN Py otf¢ may be
generated from t hgdo@atkidNa ea‘rb(ﬁyls:taaial € ceruxiacald andes akilfonliach, mont ai ns a
weakl y- coordi nati nonnu | eo on mrth ., al cohol phenol
present to produ@ggWﬁ [B?bfgﬁﬂﬁﬂﬂ @qé%@%rrggﬁg W%%E%Vgﬁfgpﬂ%€mﬁ(ether in

t he case of an alegagholkertory phikyightcran tri@hcdhd lethima tanerscaslieyl gfhemalicdr ) . Such
reaction may be Q&ﬁfe&ﬁqgmk alk 15y IOUERL of NAkIHRS &ﬁ@ﬁhlQPLB%O&HGncarbocat'0“

salt is faster with tonated additive ‘as conpared its reaction
with the ol efin. tl&“ﬁ@?m‘blrltﬁ‘f‘t@‘nls delrfethalePasepts eac Y& then wecrpﬁlrdﬁrgs,

carboxylic aci ds,ﬂn@&dnpbhrer |‘$1lb@tanti$il}mlbk@xf 1@ Re@smdngd foiieSatdrayalddgeniddriazed Wit h
silyliumtype catal. referred gpg%g nment, when R1,

| n
R2 and R3 are ph&Ayr" agjrggﬂ‘f)so‘ ‘”reﬁé” 88‘? 61% Ca‘gly AT pHE PP Smat i ¢
al cohol srgnlflcawhrymemhanme@mnheﬂ@@@ymﬁwL@aﬁwmhk@ﬁmm§Ubu@yk®hb.

[ 0096] Anot her  MetROG.hOs ABRETRLE GBoR ALIORCGR R hS SSiyRATRIRI Aidn 97 OUP

especially less than I wppm. In an embodiment, ionic chalcogenate initiators are
substantially absent, and in another embodiment chalcogenate initiators that are
Bronsted acids are substantially absent.

[0078] Preferred hydrogen halide initiators include hydrogen chloride,
hydrogen bromide and hydrogen iodide. A particularly preferred hydrogen halide
is hydrogen chloride.

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

preferred carboxylic acids include trichloroacetic acid, trifluoroacteic acid, and p-



1 or group 2 netal, preferably lithium with water, such as by nmeans of in
a wet diluent, in the presence of a Lewis base that does not interfere with
pol ymeri zat i qpoz(ﬁ,g,qﬁaﬁs an olefin. It has been observedpbhakWiRkks® Lew s
base, such as isobutylene, is present with the group 1 or 2 netal and the
water, a proton is generated. In a prefe3red enbodl ment the

weakl y-coordi nating anion is also present in the "wet" diluent such that
active catalyst is generated when the group 1 or 2 netal is added. 29

Di luents [0097] Suitable diluents in the present disclosure include

hal ogenat ed hydrocar bons, especially chlorinated and/or fluorinated

hydr ocar bons and ft‘ﬁ@bT‘tZ‘Pé%aC“ép[éBP‘t grebodipnappaphexyilin afidicres Whtandrl RGP 1imited to
t he hal ogenat ed W&fnﬁﬂl@%l)@fby@ér@pane i sobut ane pent ane,

met hyl cycl opent a sohe t ,

2- met hyl but ane, gﬁgmhl met )tél;abgml%r?gegg hﬁp{%g)d‘“e ( UF] b dtb‘gﬁséue P“ml lhml hexane,

3- net hyl hexane, :S'SilefttlhyIth@rtthytle acigy Qﬁldthﬁretlﬂawﬂpentt arbelideZor3the @Hntétﬂhﬂyl pent ane,
2, 4-di et hyl pent apg, T8, Bnidi Eﬂ?}l@’t‘luog&ngtﬁ&ﬁe bRl bﬁ’lloglg@tﬁtﬂ%e Arri@t hyl hexane,
2, 5-di net hyl hexane, 2,24, -trimeth ent ane, octane, t ane, but ane,

ethane, net hane, qﬁ@ﬁﬁﬁgl‘e‘ﬁe}égﬁé‘“mﬂ deid apleles fiore & Apant Cﬁg%‘éfh‘éa“%fehyl

cycl ogexanﬁ, I cycll@w@p}aﬂepmﬁwala@h)uheaﬂeuederymk@pemuamea faﬂiﬂtahwltmﬂéteOpent ane,

1, 1- dinethylcyc ane, .Cl S- ent ane,
di net hyl cycl opentfgoﬁg Py AHEYOF ylff a&imp'h%%egl ﬁc/“dc(‘:l op gnt faltlﬁceoqmét’PtChI1 d aCiél%lpent ane,
cycl ohexane, net Whlogye kahékameale, Cbtelnmelmélorltmbm%é chlmweebﬁezoybbmmde Xyl ene,

paraxyl ene, and Qﬁéhﬂ)rt%%}!ét N&iorilld, qllﬁ(o?cme&’yléhl%‘ﬁd&hhﬁ’tfo!d%lé’éftﬁ%l\éﬁ&éh&anﬁ of the
above, nore preferably fluorinated versions of all of the above. Broni nated

versi ons of the dleivkenzpichlarids Padigyiyly, P‘%‘iﬁ”@é?‘f‘i‘ Eahé?@d‘l"fsﬂﬂdéécefyh&‘ll‘ﬂﬂ% met hyl

chl ori de, net hyl eagylc Iatoaﬁdedemctectltsayttylc Rhiofided erifipsr@ytyl chibfdel deg put yl

chl oride, chlor offf])mrr{j and, h? L kIe LOOQ%ldl HQr oiu)ox ﬂco%zca,lr bﬁ)ﬂ are preferably
used as diluents IR ehOy resEnt di S¢i o8ure) “"al 6 or PnatSion with

ot her hydrof | uor Gdataiwﬂsaltacntiﬁnmmwmmwmm Wi t h ot her d| I uent s such as

chlorinated hydr qggjpons. stﬁt%ﬁlcp.d:'ﬂélp@éﬁﬁa fmtidl%ls in hiS LASHEn M hife cl ai ms
t heret o, "hydrofluorocarbons” (" -1FC') are defined to be

saturat ed or unsatiRfitg ay ea%tsmta‘gm%aﬂ%w s@ﬁﬁ@’lcésoéé%‘tf%ﬂilsylf%tc it ogen,
carbon and fl uor mftemc pr ovetl@dsdi gt at adx@ast n@ﬂt@m@ﬁmmmfoat I ea&t one

hydr O.gen and at ?FOIOI’HCP]&HGQU[H)HIC a[)l an b qgﬁ%]?omc ac do 1?11011@ C%l Qa1 I

enbodi nent s, the I'ses h 8 of'tor oatbons rep resen‘f €d by the
formul a: CxHyFz whié&ngiagidsard ssbwtmlhtabtgetrﬁomrthﬂnamlyttcysﬂ@l al ter natively from1l
to 30, alternati \['tﬁJISYJ fr On’SﬁI}foBlQ A hﬁhée%d@ﬁﬁ Ill\l%ly dfis'élgqt]lel afeOsithffar in

alternatively from1l to alternativel rom 2 0 alternatively from3
to 10, alternati Ve s 6%{03‘0 ?‘Bd*ﬁt"“hr?‘tisbtlb%‘i“% “é%faB‘ﬂVe f"i‘ SO ¢fgregareipherein y
and z are integeasd.angt fatidd :0astc MBEde, tHbrad besH@bNRIMe, withee dlttblwent can be
i ndependent |y sel ect ed fro t he.gr nsi St 0 uor o

i 11 ot oot hane. PEP4 R G oTSPHARE S 36 0 g PGt gt MRS R
1-trifluoroet hanemdslalelkanQnt te¢ praf by erdoet Waked, in Hindrt soetdibe damitidrenieof The

di ' uent can CO”D'EHG%%L«?C@&%&151(3%696&"&1%01\49!1%11?(&@5 G RRARRAisLiBQR bt ot al
vol une of the diluent in one enbodinent. [0 % n_one enbodi nent, the

di | uent conpri se&cthatssant | dsriis apermessifsl ﬁwgn tichleroicthasstiopd g

non- per f | uori nat elﬂoﬂjdtblﬂlmronﬁﬁfaﬁds&lﬂﬁlillr&ﬁ%ﬁ@ a@@mwn&&ﬁkm@l dngllu&tustalecorrpounds
consi sting of carbon.and fl.u t, when the
G et cormr i seenBusRah araRGHE B SivmPrBORAE FeFoRr S4PER. conpound
preferably, the esatal yst, nononer, and diluent are present in a single
phase or the afopﬁﬁﬁnt'On@ﬂmP&EPBQEQ&ﬁbﬁ(%ﬁ&hsﬁ&ﬂ&§uﬁﬁﬁQbhﬂﬁmﬁhh“ent as
described in further detail anot her’ enbodi ment he blend nmay

al so conprise chitgrérioust peldtaupisnelcrieng)) proginol preweaeh AsiberEonsi st i ng of
chlorine, fluoripgi cANMe.GasRA benzyl alcohol. Phenols useful in this disclosure include



[ 00101] I n anot her enbodi nent, when hi gher wei ght average nol ecul ar wei ghts
(Mv) (typically greater than 10,000 Mw, preferably nore than 50, 000 My,
mor e preferabiy,mpiRs4khan 100,000 My) are desired, suitaplesHbdidapts

i ncl ude hydrofluorocarbons with a dielectric constant of greater than 10 at
-85C, preferably greater than 15, nore g%ef erably greater than 20, nore
preferably greater than 25, nore preferably 40 or nore. |In enbodi nents
where | ower nol ecul ar weights (typically | ower than 10,000 Mv, preferably

| ess than 5,000 My, nore preferably less than 3,000 Mv) are desired the

di el ectric constant e less than 10, or by adding | arger ampunts of

initiator or trarfSfwE %I\Ej‘étﬁ?(lp%%lﬂ 210 evinhenofs  p-ehlrgphetoknp-lieonbgiibe 10, The

di el ectric const a4 96 pdnkaﬂudibﬂhue)ntaniitz h}slodyata@nmaned Th ram embagnegment s of

t he capacitance o AP L p AL ¢ ca g i mersed in the diluent
ol dle 5u stan 1alry sent aa st,system.
[ measur ed val ue , o In ence known di el ectric constant 8R

[ measured val ue @841 and Pnfeaﬁct t(l%la)ky[ mgmﬁﬂeﬂ iyigdtere i@A)de fertiaach case

t he measur ed Cap%‘éﬁx{a&ﬂ&%p@%dtébglth\é‘?&mQMbQSKE 8Cc+Cs, where 6 is the
dielectric constant of the fluid in which the capacitor is inmersed, Cc is
the cell capacitance, and Cs is th Sstray capaci tance. Fromthese
measurements 8D is given by the fgrmil a\6D-((CD-CA) 6R (CR-CD))/(CR-CA).

Al ternatively, a purpose-built ifmgTHOMnt such as the Brookhaven | nstrunent
Corporation BI C-870 may be used to mgasure dielectric constant of diluents
directly. [00102]1In other enbodi nents, one or nore HFC s are used in
conbination 31 with another diluent or mxtures of diluents. Suitable
addi tional dil uenthsreinnEliuadalngar preadobemsn. agpesicapt yr haxdpeshuwd hept anes,
hal ogenat ed hydr %Ce@err:@)@nz§hal(%%lp%éfé}whyclﬁcfi‘idé)%ﬁmi@Q Y ¥ ecanbonseand the i ke.
Speci fic exanples include those nentioned above. [00103]1n one enbodi nent,
the HFC i s used i ¢i8ebi 7¥4tS Sh bineed £heimldpisnabEdohydlele'ar BslElch as

met hyl chl ori de. cAdghitd pwak ca&tﬁﬂﬁ@dﬂnﬁamlﬁmkﬁefemmu@x &eboh e mkjRad h R

cmbodi ment t he. HEG TSPy 2" QBT Bg o RaPT Rl PR Saeb irE Saces fnert
to the pol ynmeri zatiivem Isudh nase palkboln ndi oxinter, framt t roog e atrjﬁd:hybg@m ar gon,

neon, helium krxptmlmtzﬁﬁa}%ub@l%dohc@cﬁlfa@&afnp@srJ;fug@ammﬁb&tz Qio-pref erably
I|qU|d at entry to the reactor. Preferre Awgases i ncl ude carbon di oxi de

and/ or nitrogen. 2[466&@2-‘]13I11?f“&ﬁf‘0t her 2&PBYF HERCh e e s arfehlised in

conbi nation W t hnRipRbakDr € Ni bradnet-abkaResane;i NCl udpBBOER 440,640 nitrat ed
l'inear, cyclic or ched al kal,i.es. rred nitrated alk eS|ncIude

but arc not |im f& chgl ﬂﬂ?tatnforret PRI X! ‘?% ?’8%@%&1}%&“& 1 oprlocpgne

ni trobutane, nitnopektehezcni tirdhexdmentam t i-dlepttiatienzend: t Foddisane,

ni trodecane, nitkQAENARIALHT URARCARRALLE o¥RACE AN Nk RAGYG! Omet hane,

ni trocycl oet hane, nitrocycl opropane, nitrocyclobutane, nitrocyclopentane,

ni t r ocycl ohexane PeFET BesgOrEAGATEPEYINGEICo R eredey Ade-UiREhYBwier odecane,

ni trocycl ononanep- awtaxpgquda{yq%d@c@ma}zomxtyrzqﬁam&waﬁigQaaﬁ)xyamw@fbenzene and
the di- and tri- nitr of t enbodi ment is

er si on
HFC s bl ended W Pﬂmﬁ]e?“?%??éat“ﬁan be[”dé%%f@\ggﬁm ’Eféypta % n T8 uent, the
HFC i s typi cal | ympthglstiylbenadne;1l -dceot:h@Gmanhnee byperytentthilzszok; tllﬁdorm( the total

vol ume of the dil A a t 0, 15, 20,
o U oL e 4%%9?“‘*@%%%8% &l Vs, {eﬁ MR 8i0 smfgg &eltdgy ] élgéﬁhyémyﬁ > 20

vol une percent. Pizacpr ef erzr@ﬁf‘@ﬁﬁéd‘rtﬁ@ﬁtﬁylPWé‘“HFC i s 2tioaiaee- Q'vﬂl‘%h one or
nor e chl ori nat ed ey PeaimdoNSethdxp-2anatyliedpait ebekryied- zalﬂhmmn@ﬂé t1he HFC is
sel ected fromthe el ouzrl)4§g€5| St ngl of difluoronetha tri fI ({(orret hane,
1, 1- di f | uor oet hall€" ¢, P 6 WEne, and 1, 1 ibolémp‘{xétraf lor oet hane
and m xt ures thepaeincthyBHEAE] Il methoort- herthgnthdbkinpent 1ineghodyakdamsmtaner di | uent
mixture is sel eCtadubASAMLUARH: 116 MR bbnl Rund i Ber Y TR-buGRT t &1 1

diluents are solu



32 polymer. Preferred diluents have little to no solubility in the pol yner.
Solubility in the polyner is neasured by formng the polynmer into a film of
t hi ckness betygensPRsand 100 microns, then soaking it ipcgipbMgnkssenough to
cover the film for 4 hours at -75C. The filmis renoved fromthe diluent,
exposed to roomtenperature for 90 secork‘?gs to evaporate excess diluent from
the surface of the film and weighed. T mass uptake is defined as the
percentage increase in the filmweight after soaking. In some enbodi nents,
the diluent or diluent m xture is chosen so that the polynmer has a nass
uptake of less than 4 wt% preferably less than 3 wt% preferably |ess than
2 W% pref or abl yi-1 ted Tootion -1 i peassgr ey oty e TR B e o6
[00107] I n a pref eriRek. @ﬂiaodmmfﬁunatb]heardbel fo@fitin OIS peichtueab,s9n, Xhidi & i S

sel ected such that ence between the neasured glass transition
tenperature Tg o YWAH T ess than 0.1 wt % of any dil uent,

unr eact ed nononerl808ahd addmthtve@iqnsd \mttahrndlv@&m@rﬁc ahde, Ty bR 1t Reorpol yner
measured after ity h en 50 and
100 microns, that hgs b@%ﬂ ég}fn%’?gnd % ?JIIélh%rﬂ o[;gwhgtﬁ%ﬁg%\g}gr%ot e film for
4 hours at -75C PTdtareg| aksnt pelprsdrt i mnlu@eenm’rlsabwlelel spothetapylmieneehdby

differential scangingGalfe! T dokuleRSioh ol RENRL IHESAAR WL cfifmCT T Ded in
the literature, for exanple nder | ture of the G ass

Transi tion and |t@“‘ﬁ%‘ﬁ‘bﬁ*‘ﬁheﬁéﬁﬂi@Hob%}onﬂ?é}"ﬁlﬁ’ll thAH%YF%F gfithe pofymag sWhiinent of the
A ass Transiti on,theA&pr?Bernaélﬁmmae hdlooeﬁawb@ran telﬁdy,car%lﬁrdltﬁa@)elaaﬁl ety for
Testing and Mat er| al Sth F%p ? b he, %lh c?%l'a g'o7n-a3n ol mem %wmﬁae s
prepared as descrfBed evpeoymeleaﬁ“rff TR AT 8P R YES ARG it o a DSC
sanpl e pan, and remb akfn@nictatte aad’Qreﬂnb@hm bmamthmeldqwmi&)@ thatynibei andedi at el y

before the DSC n%@a%&ﬁeﬁ{%he hﬁ&g@lﬁ %ﬁp kny th& BEﬁJ ?01%@41“@%1{&/&6 feudidryent -free
and dil uent - soaked polyners are wt each her, preferably within

11C, 10C, 9C, 8Cc‘happendgigttiary I@lynﬁchdléemﬁz@r %?Vldded’Pe“@ééﬁ IPHENS 2 00108] I n
an enbodi nent, tfp&)d@htbvuiemﬁxaMtaiﬁb%ble&cﬁss@ﬁ;m constant at 20C greater than 6,
greater than 9, reate t her nbodl dl | uent has
a dielectric con éogglt E%%“&?g¥ é’acttcéerdtl"HPQOI?dI]dySt’r el eOF{Et ¥ u“g "or greater
t han 40. [00109] Icmoalnmblhmprlzemﬂmxﬂm‘emtlc;nutctwb@hcr<ueqiiltdiltgahvdbams<élllceldt ed from
chlorinated hydr Q%ﬁfokboi‘& trfn%fhyf?a%‘r%@' e, ﬁéhﬂﬁ’d 26l 119510950 methylochl ori de,

met hyl ene 33 chl oride, CHCL 4, butyl chloride, chlorobenzene, and
m xt ures ther eof me hﬁ“@ﬁ‘b‘éﬁﬁ’ﬁdﬁnﬁ@ﬁ‘fla“o{ he diluent is methyl chloride.

[00110] I n ot her gougpdi NENt&alys R@tedi borgtitiarisabisio thibalstidaraatypiydiyocar bon, a

non-reactive ol efc!)nrllpll%g] /)gliev%g acu':i] go untg%l and (2) at least two modifiers including at

]?helte};]l InCOI(‘)[)'OI aIeg [)

least one initiator (which may be a polymorphogenate) and at least one
polymorphogenate (which may be an initiator), provided that when the initiator
compriscs polymorphogenate (or, stated differently, when the polymorphogenate
is an initiator), the catalyst system includes a second initiator, preferably a
nonchalcogenate initiator and especially a non-oxygenatc initiator, preferably at a
higher molar concentration than the polymorphogenate-initiator. In a preferred
embodiment, the Lewis acid coinitiator is present anywhere from about 0.1 moles
times the total moles of initiator present to about 200 times the moles of initiator
present. In a further preferred embodiment, the Lewis acid coinitiator is present at
anywhere from about 0.8 times the total moles of initiator present to about 20
times the moles of initiator present. In a preferred embodiment the initiator is

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



Pol ymeri zation Process 1001111Fig. 1 is a schematic flow diagram of a

pol yneri zati on system or process according to an enbodi nent of the

di scl osure. |ypgbiskyisee in line 10, conononer(s) in Iingcfgshiosignt 14a
from storage 14 and any pol ynorphogenate in line 16 are bl ended in feed
blend unit 18. Feed blend unit 18 is conyentional except in respect of the
pol ynor phogenate addition. As is known i'h the art, it is typical to dry and
fracti onate the isobutyl ene and/ or conononer(s) if necessary to renove
inpurities in advance of the feed blend unit 18. The catal yst preparation
unit 20 generally includes conventional apparatus for mXxing the initiator
22 and Lewi s aci d® 9cousmpndartoet ha@reiieordar AP yiay &l ?ﬂ WHE desired
anount of dlluenuhéﬂambfmﬁmdﬂ&m&nt storage 14. |f desired, polynorphogenate
may optionally b rodu |nt epar 420 via line
26. [00112]anon§0M@£ fed rgﬁ? hlbl ?E\ ¥ 1%%g\8ﬁ‘%%ﬂl(m %ﬂﬁoptlonally
through chiller 3@ﬂ%aMGW¢ﬂEHMﬂ@W@bﬂyW@meaﬂmmlpm@a&ddﬁ@@@btmamakyst conpl ex
is simlarly fed Jfif (Bg]fr%ﬁta@l)l}fslg(ld}rrﬁ(ﬂézﬂt' 'h@ptol*mktlozglo)ék ?yellllté}ean§4nost0pt ionally
through chiller 36, to the reactor di scl osure may be practiced in
conti nuous and bé%%%”ﬁ%%ﬁ%géé%”)FHF%W@H“The reactor 32 can be a plug flow
react or and/ or stjpesepd taa&mpeaﬁ&ﬁﬁsuﬁﬁhnhﬁem&kﬁﬂeaﬁﬁﬁﬁﬁaabem@@wjonal and
can be used upst rcgt nlt m (%WI"I&'[CI’ eam f I’ eactwe c%on an(! we kﬁjncl to dgﬁgt and/ or

catal yst preparatTon unit 20, TUBTT@? Y ogénat €°F'eed to t e react or
32 can be via nnmowefWﬂéedmbbeﬁﬁﬁﬁQMUNﬁﬁinQMevﬁdw%ammﬁy@mﬂpmemawat|on uni t
20, or a conbi naty Ol AGHEA inclidE Tah@a@twetcgﬁonpﬂh YehRRqsenakad &val or rate
can be nmonitored in any one or nore of feed lines to or fromthe feed
bl end unit 18 or SHAEEEERFyst preparatlon unit 20, for exanple, any one or
nore of lines 10,0008, 14aA vlky- c&ﬂdmaZég adéh @mehnBeﬂas ar annawlachsepar at e | i ne
égf;nngm)gef’]gt tet;lllgcserngt d:gmgmate go t}le cat1o NG Wlhgc ?@ﬁvge%ﬁé codn n?cggo tlﬁgcaalor.\ %ndEISQ Tﬁ the
line 16 can |ncIud@n&eﬁmGMﬁ@mntmmEdV@tVéﬂM@%dammﬂvh@daégﬂwﬂbi@GAfIow

control |oop can abé@qmu@la%sfgoalnymrupfﬁ@gﬁaﬁ%&uém%t% the%ﬁ,nttﬁu@eémntgtaer 42 and
fl ow controller 4 44. 1n anot her | ustrated enbodi nent in Fi 1, the

polynolphogenateHP§”5P¥@PW§fPV@W? HwnﬁdﬁP?PwﬁalfﬁﬁﬁﬁﬁgﬂmPFﬁofl 26 to the
cat al yst prepar atde@ly-tididina?Q; Thens! | REud6 @a@mBQQMwmeu@mﬁy@mnmamtroI val ve
46, and the associated flow control |oop can include a ynor phogenat e
flow or rate traf@pPPiier cumederophiephEdrBPaDs & ety iyerog “@@HPWBW | oops are
wel I known in theyafdmes, RS RALYABLRRQIGNTL M’ @B@Cdampwcaﬁo%nha@@an include an
online anal yzer such as a gas chronmatograph (GC) and flow nmeter.

[00114] The flow étheadbrcigppsieasiivetigper at ed to adjust the flow rate of
pol ynmoi phogenat e[(ib@u 26 tmcrmbﬁhmgabd@smem wiethel esibi Bﬂanbz@dbﬁhbd f(tQ)l’Wnt he rate
transmtter 42, d pg IP% % E‘%h?{ altnea r1c encd b mcn tltche desired
| evel , the corre§b%ﬁﬁfn8'@wﬁfr " Varve " AT B ene&n%o i'ficrease t he
poIynnrphogenateVﬂF@wmnamewmmWempdhwﬂmmph@gemamedtmwmmmﬁmétuﬁmnmed | evel
can be entered mapual l¥ioRlin ALORRLE G@hdie %al%"s}steﬁzﬂc AnbUD ﬁ%é?éllleﬁm ler 52 or
a distributed or centrallzed process control system The pol ynorphogenate
flow rate desiredmbeimt ¢ginsatietoaritingdy Whdnan fagrelisfius dg'ehiof eedback
from anal ysis of piob@emldyﬁasﬁﬁn JisTs @é@ﬁ@d)f tﬁecu@hxtmdacttvhedtrztesmcepheMA@ of the

pol ynmer, for exa nat e ed r m be increased to
br oaden the MAD g‘Bm’dleécr“@%(Pg‘ l%églsfgl\ﬁe%f“hon eacfﬁiaie“f)ﬁ\@ogg}r’le e “Yet er mi ned by

sanpl i ng and Iabofatoaynanahymw&mm»ﬂmmdaua%nmpmlmbwhwm dpermetforedor via a
conmuni cations | %Iﬂ&d%ﬁl%@%ﬂmgnﬁm %&f‘uuy 5%&16 d‘h!ﬂ g CM{P&Q&%E‘[%&@ fhe92; oOF
determ ned online via MAD transm t froman online anaIyS|s at any
conveni ent dommsﬁ?@%ﬁﬁF%%%Fﬂéﬁiﬁpwﬁhpdﬁw%ﬁﬂéﬁﬁﬂﬁﬁ¥%%? ehsapigy @ad thn pe

obt ai ned. [00115%tibe mo Ivamse:r pleRAtAbMbodGneek fof uentis@&uirdymmchenisnemct or 32 can

if desired be quenche uench nedl m such a ot wat er

i ntroduced via | fHE"S ‘“%ﬁ“egbﬁvﬁﬁ?ﬂ?% ‘%éﬁ*@%b%ﬁﬁlngﬁf%mpgﬁﬁﬁ Elurry in
pol ymer recovery unit 60, using the heat fromthe gquench nediumto vaporize
di luent and unreacted nononers in a flash tank or stripper, for exanple.
The vapor stream 62 is then dried and fractionated in diluent recovery unit
64 to obtain diluent recycle 66, recovered nononer 68, which nay al so be
recycl ed, and one or nore pol ynorphogenate or waste strean(s) 70. It is

al so possible for all or part of the pol ynorphogenate to be produced with
the diluent recycle 66 and recovered nononer 68, provided there is a purge
or bl eed nmechanismto prevent excessive



35 levels fromaccunul ating in the process. For exanple, sone or all of the
pol ynor phogenate can be extracted with the quench nmedi um and/ or polyner. In
one enbodi MERYg 25008 sPR!I Yer recovery unit 60 is operatedctRshiisigl a
partition of tﬂe pol ynor phogenat e bet ween the vapor stream 62 and |iquid
guench medi um by mai ntaining the approprjate pressure and tenperature
conditions. The recovered polyner is transferred via line 72 for finishing
operation 74 which can renove residual diluent, nmononers, and quench nedi um
using a series of screens and extruders, followed by conpression into

bal es, wrapping and packaging in containers as desired. Apparatus and

met hods for pol yrféfion é%‘bQPngyS%W?s- dfamserticred chveY e auPsEpad FbaHeR: fi ni shi ng
74 aLe wel | knOgﬁu&ﬂmﬁh&bﬁﬁ&ﬂDb@Qiﬁﬁkﬁﬂ?&@ﬂﬁmaﬁb@dbﬁﬁﬂlﬁ?s&&i? di scl osure
may be practiced ih, butyl reactors®. Il]Justrative.exanpl.es of reactor 32
can be sel ected ﬂp At he ngﬁﬁg?8W§F§Wfﬁégg%d§m%%ﬁ“Pﬁﬁg@ge?P%ﬂf%ﬁirred t ank
reactor, a plug fihaweressntd by te frovilmg belt or drumreactor, a jet or
nozzl e reactor, a tubular reactor, and an autorefrigerated boiling-pool
reactor. The reactor can be operated onra continuous or sem continuous
basis. The pol yner can have MAD Iessl;ﬁén_g, or between 2.5 and 5.
[00117] I n anot her aspect, heat can be“renoved fromthe reactor 32 by use of
heat transfer surfaces, such as in a tubular reactor where a coolant is on
one side of the twReinaRd Hhed e HeRfibghMgilyThydkdge€ dr S 1@0ar! hendtdher side.
Heat may al so be renoved by evaporating the polynerizing m xture, such as
may be found in &hclisraraEs of gihaticeslowsi PERGLpdal tor Yiverlpdattlopralkpinot her
exanple 15 2 Pl Ugedb Ot ERAGLMBLE b RA OB, Phohli (PAIVARIAA NG M XIUFE
is evaporated as ‘t m xture proceeds t rodg the reactor.  Adot her exanpl e
i s where heat is preiiodedt only anplofidf Rowr Rgaotyobe hirrauagh Is ur frefeeedheat
transfer using coolapt on the other side of heat transfe ur f ace.

Anot her exanpl e ﬁﬂ%?@m%%ngwﬁ)ﬁﬁt ?Oﬁﬁéﬁ§' 0@%%%%&?%?%%%"?%&3 *Bitace on a
moving belt or drypn whar siphdie Aiiliente MRBERRI dipakia) BeihdeMXhHl &nyiis sprayed

onto the belt or dr and he i S repove evapor at i of t di l uent as
t he reaction proé%@gnggnmﬁaﬁﬁ?@%ﬁmﬁggﬁw' ’%%ébﬁgﬂnggﬁggﬁmgﬁbgg?eactors by
surface heat tranghelyliesyieh! hslikeherepattheladootiantd cinbodimes evitn Bn Rbhe i nsi de
of the drum or under the Felt and t he &ol ngr [émFroduced onltge ot her side
of the belt or dftihy3 %#h8 %%&g?VﬁemBﬁdlgﬁg? P g%phpte o grapatigealgByl ) e

reactor. These reagiiOhdy H@¥Resdhe pPEnRAALLN Jr@Sh@aaee tinme where the nononer
feed in line 28 and. catal yst conplex._in lln%ﬂ$4 are onb%ged.ln the jet or
: HeY

nozzl e and the pot%¥eri zal'i oA BT uPEEE! ¢ HEORREUr o thggh t he
nozzl e at hi gh vebogksitiyns, pro6kdlgnRuefiard alyliumaomprsitdas aroconldes wathcont | nuous
flow stirred tan t 0 I 1 C, cont i nyous node,
and whet her Oper§¥$ﬁ@ﬁ¥ﬁﬁgw¥%2%ﬁ§f?%Qg%@%g?@g%@;gg%s$%8%e%%%%&$§pe react or
Preferred react oby82famsley i ncl udes a reactor where the pol ynerization
occurs on one side of a heat transfer surface and the coolant is present on
the other side. An exanple is a reacﬁbr wher e tubes containing coolant run
inside the reactor polynerizationrzege—mnot her exanple would be where the
pol ymeri zation occurs inside a tube and the coolant is present on the
outside of the tube in a shell. [00119] This disclosure may al so be
practiced i n bat eficrtie®¢tRonsl Rhet addphelcmiyrvpdreges, or dilihtae btapcheddvralsist and
oxygenate are char Q.the reac an I i zatd proceeds to
conpl etion (suchgﬁggﬁyﬁghéﬁﬁﬂ%ﬁ')&gﬁﬁgﬁﬁgyg%%gﬁgﬁﬂ?Sygﬁghéﬁé%ggﬁred.

be hydrogen. Preferably, none of Ry, R, and R; is H. Preferably, Ry R; and Rj are,

independently, Cy to C3q alkyl, aryl, aralkyl groups or derivatives thercof,
preferably a C, to Cqg aromatic or aliphatic group. More preferably, R, R, and R;

are independently a C, to Cg alkyl group. Examples of useful aromatic groups may



[00120] The reacted nononers within the reactor 32 formpart of a slurry. In
one enbodi nent, the concentration of the solids in the slurry is equal to
or greater tf\@gz(%g),ll\ég)}GA; and in other enbodi nents equal pEpu@edtiseat er than
25 vol % less than or equal to 75 vol% or in a range from1l to 70 vol% 5
to 70 vol% 10 to 70 vol% 15 to 70 voIO/ 20 to 70 vol % 25 to 70 vol % 30
to 70 vol % or 40 to 70 vol % [00121] Ty caIIy, a continuous flow stirred
tank-type reactor 32 nay be used. The reactor 32 is generally fitted with
an efficient agitation neans, such as a turbo-m xer or inpeller(s), an
external cooling jacket and/ or internal cooli ngi tubes and/or coils, or
other means of reffoeFiRY ftomehngate wrsiysias yrabF24tly o i g"haPlisedi Aothe desired
Ireacti on tegper Satlmn@ng ixahgits oeabml (pual @sup rrllagatbe RLIpRS! ﬁdnll 'rﬂ’féeglb@r m ni of
ines 28 and 34 ent.s ts an Po ogenate
(conbi ned or separ ai bg'llgyfpmte&?"rpggétﬁ Opvls RINE iﬁent)%frean no‘rx(VDC{eF Fuent
overfl ow or out fldovecpi pectiiibaty! widt 3T amthplbﬂyhe% parmquladenlteteam‘dgrumr eact ed
mononer s anong otﬁ%actkpkmmemymh&k thrﬁgly@s WB-RY fOH ARG b aitiskdgot  shown) .
Preferably, the reactor I's purged air and nojsture. One sKilled in
the art will recdﬁHlﬂ%‘g‘yb'ﬂ%‘ﬁ@rm%fé?él%%‘l“g/a‘%r‘i’&‘%‘ﬂé"ﬁ&‘@’]*ﬂiﬂﬂm 37 1001221The
reactor 32 is pr qimn]abl y desd gnackidnordablc \feins 3 Qg ﬂboatuﬁ‘eg saflivhhgndcat al yst

and nononers wt h| h?herre fa%te%%u gogph{l,&aggﬁloenccfﬁme({ﬁ lcrg‘}’gg}mt" n the heat

transfer tubes or’yrc’:%f““Ig ani rou "&act i on
vol ume to avoi d exmesgined BaolsyNeyr Yankda&mLécthwfoombéaefpamactf itgreationgm t he

di luent. [00123] (gilhge'im'gnﬂ%gﬁréadt &)ﬂxrposmq s’}'/;xthéelqztﬁgeo'f Ned Bﬁ)tl&‘[&%’c$f{ ce of the
present disclosure include any conventional ‘reactors and equival ents

t hereof capabl e Streperfdiiomgiuade Shrmatsdd Ny yipPBtess, such as

di scl osed in U Sjos417, 93QhirdR6:€d for ma@arop@@r@tyednmncr ﬁﬁteﬁle@coeuceﬂhe react or
punp inpeller can rlet |ng variety.
The reactor 32 vmf’fﬂt‘)"“ fr;‘letna‘iof:?blélgq‘ gqu %ngan( S lie thm% atnhon O(I:e'ilt ngi “dyst em of
the present di sclcosaries knokidgrrgliouygenat ePefoheory e gipratdt &y e t he

pol yneri zation of L&Eth)q o@QQQE‘T@ arB&Q&oﬂ'bE‘il Rk B8R L Ram - %&b‘?&?mah?%o@ sufficient
amount of polymer having desired characteristics is produce

f eed- stream 28 m%wehléw&&%ma%aﬁ?hgl %§h‘é’°'t%%5%ﬂ“°rﬁ5‘??6?ﬁé¥lcﬁf€}%%’r@|t ration
greater than 5 w4 ((oba@&dhl@rbytﬂlﬂiu&toteﬁiel weihg ise off ah heo DO RIS, andi | uent,

oxygenate and cat t ste r bl ater tha and gr eat er
than 30 W% in an% 102},11 ﬂze?ﬂ/%bed) htﬁl? §110Ereac 1[0}4 %E%pe?teneﬁiﬁn pe ﬁ.eent\t%atqtlﬁ

f eed- st ream 28 wirdabtiop @fithacarbdentoms 8t M%It\@lﬂaﬁe m%wwdee asomgentr at i on

based on the tot QJlth\ﬁ@legchBn fot %Q'BQFH?V@thQr'IJx&é&&%naﬂ%%ﬁ&&%&gﬁdﬁh& and

catal yst system [00124] The reaction conditions wll be such that desirable

temperature, preSy¥braligisraadihgdike eSimjlirshupgriesfpag o Fq?’ézeflﬁ‘tf‘ré‘i‘yr‘ft"al n the

reaction nedi um iype tdi@ysksl QuaiathasSit@irsy RdTehcl GmPEMEUAE vhtR ), A8 Shd REl a0l yMEr S

havi ng the desired characteristics. The nononer feed-stream28 is typically

substantial |y fr&kengf srawy thegadiiany o eliphpts averdiel Jeopdadsniffenii th t he

cat al yst under t bgafed Mmﬂy@@m@moﬁ%ayu@ns For exarrpl e, in sone

enbodi nent s, the oner % 28 ef era houl d.be substantially free of
e ooy B

bases (such as c ic), y fv%ﬂ“égﬁd’tmsf%“ GEPLES ORIV 4 P
pol ynmor phogenat e$ or guahif mnwfabmteénahiydgnmrmmuwm sedus by asas28in 0@, and
organo- mer capt anﬁllucﬁt 8n- thgeﬁlé.l&lcen@fr Qaﬂ&ﬁ baseet %ﬁl dE@J q’lgtptlrg&l?ere with

nltrogen cont al ni ng ases ot her oxygenat es cont al ni n? bases such as
al cohol s and t hePPlYR@ Zatigayseshets aoliBirel heschsen gaermayhgalpeskevgubes. t ypi cal |y
not | ess than 95%chasiedbu®nrnd, Qtpﬁ"d\er@kvﬁlﬁth@loﬁ)ulﬁDﬂxtﬁlﬂhalbtydi\hBl«v@m pibtohhe nononers

T e Y2 L g0 2oL 51 80 BL, | 55,4 LA, 220 ot T eos

present in the “wet” diluent such that active catalyst is generated when the group 1

or 2 metal is added.



inpurities are present at |ess than 10,000 wppm (by weight), preferably

| ess that 500 wopm preferably |ess than 250 wopm preferably | ess than 150
wppm  pref er aphYokgmsst han 100 wppm by wei ght of the npppBLsssiRP! i €d via
lines 10 and 12. [00125]As is normally the case, reaction tine,

tenperature, concentration, the nature of the reactants, and simlar
factors determ ne product m)l ecul ar wei ghits and MAD, especially herein the
type and anount of pol ynoi phogenate(s). The pol ynerization reaction
tenperature is conveniently sel ected based on the target pol yner nol ecul ar
wei ght and the nonomer to be polynerized as well as standard process

vari abl e and ecordHE¥ consi derati ons, e. g., rate, tenperature control, etc.
The tenperature fjos97t he psh%ﬁerdlmaﬁd Olnthbq)xé\eﬁiﬂublhaﬁk G@.udd)hﬁég%ﬁaaekml y between

E éo.clggg ;[ Eea]‘;gtehéf:dlge O(ljl)bd csﬁ%c:latlly c%u]orlnae?l anatynob Oélrnat(ead I carl!')onf alld’tl?]qu?(d. from -25C

pol ymeri zation t éippefiatumelei sichidohyt- M@@ttlmltecm@@e lath)dufdtecbwréloﬂﬂ@ to -100C
in yet another erjy gﬁcnﬁgﬁutané en)(é%% xﬁéﬂgfﬁcg@wpegt%%' LRk ORI TR, 3.1 he

tenperature range is from - her emnbodi msnt s, the
tenperature is edirlyireyensy 4‘@@@’“?‘1*?&?1 & dimefigydbutaney o &3-dinpgglbutapn 2- _ 50C,

-60C, -70C, -80C metiBBckan®r 3-@@1@@exz{n@0132@ﬂﬁlﬁéntanepr eternﬁeegl;emjradl ment, the
pol ymeri zation te r int of the
di l uent, prefer abdlrg‘)e%h ?Iie?\tane %dlgﬁth\’?@e’%aﬁ% %ﬂ?yrllﬁen?dne r%tmeo yq%ﬁenedyl uent ,

preferably wthi wtlﬁ@e)abfa\?é -dirmeghyihewoz.i212g. -tpmpthilpemfdmt hgandi Heptent butqpr.ef er abl y

wi thin 4C above tehﬁnef rﬁ)@t?xdn@g ngﬁ)ingt dQLfanJ h@odgéahéflemdecaﬂé efh@:faﬁbl ettt hin 2C
above the freezing point of the diluent, preferably within 1C above the

freezing poi nt ofcyctlwéxaa?|Cﬁﬁ?ﬂwr’%chiqh@arﬁuwﬁkeg@gan%Fnefhmi%wrmé@eobUre and t he

clains thereto V\hi&ﬁbtl{yft@cop&ﬂeﬁhse " Wi tblhm2)§€ﬁ’leﬁib/¢b‘y‘ﬁoﬁehl€nef reezi ngns@m nt of the
diluent" is use st efr§ g@gj’}?‘ﬁlm of the d lus X C. For

exanple if the f dméeﬁll il C%’Silt?ﬁe PelpRntg 1:h)ﬁeyn 7°R9¢ &bove t he
freezing point ofcydldhexadé, Im@ryﬂcyclshexz&&(ben{e@@ﬁleqllThe/lmleaE@wﬂelpr pssure can be

from above 0 to %él’crg,ogndkrﬁ)% l?nungggdﬁ%??gk %ﬁl@ltma(cm%ﬁnq of IﬂP *aabb&PﬁiontcOt al

vacuun), or from from 100 kPa a, from 200
kPa to 1500 kPa, PR Bk wwﬂe’bﬂw&m ‘bel‘fm %‘G@lllktpéV?l%O“f@é@lckPa from7

kPa to 100 kPa, fap@81ad0akP@etud FfkckiPaxarhpl@nhdilic kiddnyl 30odde, HGthiBR, from 1000
kPa to 14, 000 kPa 0. kPa 00 kPa to 6,000
kPa in other enbSHt rr%ne{p ‘?’Q{? Hii’gjpaflﬁhl%llgedgurtyl(ggondghctmm({tmm dnﬁ% B noner
feed-stream cat 0098}t , catialryfBbropaling premps:ferabipcised isngluentd initket wesegnd

pol ymor phogenat e ;a0 didHend: WXonY@Ka}ﬁoJ WA QHHQ W@P&Mbmoml Qn afjot her.
Consequently, different reaction conditions wl (Pro uce products of

different nol ecungblmpngtthsothel diluents such as chlorinated hy rocarbons. For purposes

of this disclosure and the claimg thercto, “hydrofluorocarbons™ (“HFC’s” or
“HFC”) arc 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.

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

from the group consisting of fluoromethane, difluoromethane, trifluoromethane,



[00129] I n anot her enbodinent, the initiator 22 and Lewis acid 24 are pre-
conpl exed by m xi ng together with any pol ynorphogenate via line 26 in the
sel ected di | ygpteokusady order for a prescribed amount ofct/iiBosicdlkgt N9 from
0.01 second to 10 hours, and then is injected into the continuous reactor
32 through a catal yst nozzle or injection apparatus. In yet another

enbodi nent (not shown), Lewis acid 24 and the initiator 22 are added to the
reactor 32 separately, with or without polynorphogenate via |line 26
supplied with one or both thereof. In another enbodi nent (not shown), the
initiator 22 is blended wwth the feed nononers in feed blend unit 18 before
injection to the fledttsitey, Ipdsiifluprpanct hé | doraherEnnhatd Bt ect ed with
either the Lewi s tEeEdoﬂ "M,dﬂwm daemrﬁpr@e:m(dn Moqmlmmwcmasemuﬁomteor 22,
before the nononer s ﬂgﬁfl E b %QO]In an enbodi nrent of the

di scl osure, the |n|t| Pﬁ? A (E&FE()me 24, with or without

pol ynor phogenat e [2800]pr ef ér ald ymwwmnpoﬂhyrminth@g@nam n@eperfoanagddl owed t o
pre- conpl ex by mXinAg,§09ELRehinlef tqhe D pEah&Hacd Idns'eax a#elﬂlenpa%at ur es
bet ween -40C and the freezing point tenperature of the diluent, with a
contact time bet WeBPPUBISPEing EOHFATPAE WBVERAPT |BAR &1d f&‘ﬁ’dnebé{%‘&ﬁ 0.1

seconds and 5 m nut@Sher Qﬁlﬁiﬁ(ﬁfx@mWheh&ﬁesdlltﬁﬂrbo&pmeﬂldtlﬂ&d pleeﬂeeaahuyy bet ween
0.2 seconds and 1 m nute_bef re |n¢ ‘% b'l 1 tI}e react or ép Ji

anot her embodi ner‘ft’m%“fge{’%%“o&? tHe? -"m’FC”t ”?ﬁomeho?“i‘_ WS aC| d 24,
with or wthout pcelxymnpfmg@haihese%the pﬁoefnemabédwovmnhntp@bymmllbbh*o@}enate 26,

are allowed to pre- @Qgﬁpgsedéchem ?ﬁhﬁ'@ dstggoeioklerm alﬂthgl%beehegtte&lg;dl uent at
t enper at ures between +80 and - %/ pi cal bet ween -40C and -98C.
B

[ 00132] The over alMy rlg F?j@%‘eofﬂqlﬁ@owﬁm é(nga‘dt‘Br‘hOS‘?C%‘é’ﬁ“f\?éF?“md‘épendl ng
upon, e.g., cat aloyailmiaetﬂluwﬁe,yanaewlmﬁoncentratlon nononer concentration,

feed injection r prod ction rea ion tenmperature deS|red
nol ecul ar wei ght %@% gen réﬁll‘)?‘)f ImS%t (o) \/\glnlhel apst ttavela\gee\11/1\}0268%:!%nds and
five hours, and wQhtydwe &lypisellpetoneethanbbd MO, medaBP nmrnbee§)000ar i abl es

i nfluencing resi %@%oﬁ:'&%éﬂkﬁ ngthalh@OMB%)}aﬁn&&Fydl Hﬁt@ﬁlu fdﬁﬁﬁltq' nj ection

rates and the overall reactor volune he cata% (Lewms acid) to
nononer ratio ut ilcfudebydifuprogeoptpiser @6??\%%&0{“&%?%?%”{ iﬁ“’sloa“’r‘t'85 Gr

car bocati oni ¢ polpyyreibiyZ gtit@Nhddr OF @SSE PrefelablyOfteat rfmadzomte @%fefahle

di scl osure, the nono cat a eratio i I be from 500
0650000, Sand n ERRE Phnge S Sun Msonoren Tt ilnide n yet
anot her desi r abl ecendlodvagbst(typicily Ipatri tanot0,0D@Wivs peeddrablyt lossi thant 5, (&)Oor is from
0.5 to 10, or fr R, Qno?esput,f?alﬁy lesshﬁano%v(ﬁb ‘M\J/) a?eodgﬁt%ﬁwl{e%elle%c Qctnsttdlli]c(?nd'ym tiator in

the reactor is typical rombs wppm or vv- ppm The
concentration of Ptk tﬁ‘at‘iﬂ?loé?b?ddlnﬁ ldtr%ea‘&%*tﬁéloﬁ/“ét“a‘?b‘ééld‘e“feﬂ é@ﬁ‘i"(@“ f"?pl cally

from 50 to 3000 wRReRit BoRAR €ABAMI INENTThe ARRLHE corvatt &mdesmu gbelqt he amount
of initiator in the 1r1%$§to()1r is Cné/jgts Ogt nguntt, rcel gtl ve /t‘ % Ca Eglyrrer
one enbodi ment, {AEFE Fr B 0SS EC Sbit PARYS 1 PRI at or, and
fromO0.5 to 12 noheergdliy nter dinedtdmegyinkd atlor Chln impatitrence hisodi ket
[00134] Catal yst  gffolifid &Gt LOFRED o Darkcfh, Sn P laflXe,L1) (hBRUELAGK Q.1 S

In each case the measured capacitance Cy is given by Cy= eCc+Cs, where ¢ is the

dielectric constant of the fluid in which the capacitor is immersed, Cc is the cell

capacitance, and Cs is the stray capacitance. From these measurements gp is given

by the formula &p=((Cp-Ca) &r + (Cr-Cp))/(Cr-Ca). Alternatively, a purpose-

built instrument such as the Brookhaven Instrument Corporation BIC-870 may be

used to measure dielectric constant of diluents directly.

[00102] In other embodiments, one or more HFC’s are used in combination



mai nt ai ned between 10, 000 kil ograns of polymer per kil ogram of catalyst and
300 kil ograns of polyner per kilogramof catalyst and desirably in the
range of 400QN55&@@ﬁ§ﬂB of polyner per kilogram of cat alpygitsdofhese@P

kil ograns of polymer per kilogram of catalyst by controlling the nolar
ratio of Lewws acid to initiator. [001351 In one enbodi nent, the

pol yneri zation of cationically polynerizable nononers (such as

pol ymeri zati on of isobutylene and isoprene to form butyl rubber) conprises
several steps. First, a reactor having a punp inpeller capabl e of

up- punpi ng or down-punping is provided. The inpeller is typically
driven by an el ecti egﬁﬁtdgvenw ‘ﬁxﬁlbhﬁ%fiélﬂ?“ésblqg“ﬁ’ pifepa! didpprds F‘é‘&@t

typically is equu@meehxtwint hesp&fadly Ilekanverahd Gﬁ;btalfeﬁaﬁildgerﬁtteﬂubﬁlﬁ)cmbdlhl n a jacket
containing liquid eth al vo% i.ncluding the tubes,
o oreator than S ansgurpdnSooRifes AUEIRE st  BaE VR, o

pol yneri zati on r esmtipohshoveThe react or typically uses I iquid ethylene to

draw the heat of pfyg3Pol yRRLhZ8hbRMdheard Hed RWAY an URdidABof QhiaNg Sl urry.
The punp inpeller keeps a constant flow of slurry, diluent, catalyst system

and unreact ed norf8leERaedt RrdsgiRon Keehr Badeihyh chlofiles Adﬁ“‘?‘@b&mgfq‘%%% of the
cationically pol Mﬂﬁﬁrdb Zxﬁllag @he HAC NORONBIAIS) with uﬁkhna;sm ﬁamn&mmnaenﬁhd
i sobutylene) in 3.

di l.uent
f eed- st r eam cont al )Ean?f Ip giodey Wﬁdlﬁleﬁgw%ﬂ f’qed ; 0031% % dvd%loﬁeg()15| lica
conpounds, and tymlcabdsyneftrtcefee oflyneerigatiat fuch mnltbwe&@ﬂdemeog@aﬂiachygn systemis

then charged int Q406 LLRCGHAT krybBE £RhaidS} otﬁéfsiﬁe@c a@\'ﬂapge ?Aeke?a\Mys aci d and
an initiator present in a nolar ratio of fromoO Wthin the

reactor, the feedd¥fraésmol Horofer sPalkict F Sl 'g}@t‘dess?gb@er%}de a3{'owed to
contact one anot hﬁfogeri’. he reaction thus formng a slurry of polyner (such as
butyl rubber), n ids.int r as, a concentration of from
20 vol % to 50 vo E}{l %’—‘l naI B ano{hﬁl en%ﬁ%d“m{{oﬂrwnggé %fe uqed m S g'ﬁm]on Vb{]}t yl rubber)
is allowed to exw'@e tOhenoreeam‘am atkiwre uigtiudare 6uttd @'&0 mrratehﬂlﬁdaovqythcne whi | e

si nul taneously aly.QW.pgnkhe ffff‘&@l ol LIRAD ADAGTIn At BuCRNLbMHRiedthUS
constituting the continuous slurry polynerization. [00136]In one

enbodi nent, the MERHCHGE NEBIEAE IFPHRIGNRITAHESH HEREWE bRICHScl osure s
a polyi sobut yl enel,{ﬁos@wenelop@inyrmrodédam Mhoxfolibxbﬁﬁt}odbdﬁ:@ine hasuadeddAD of from
about 2 to 5, and.an pnsat ur at ltOI’l Pfu' m 0.5 £9.2m m}mc RE tanéLOO nol e of
monomer. This pr GHUSECREY e JEPECFEYt o "YGPSEH % f) hal' ogénation to afford
a hal ogenat ed butnytocsrcwbbﬂeqn@ [@@Q@E’l})ﬂ'ehelepolnywafc@hmanc henigbeelotue.e provide
chem cal and phy%tt&alcloﬁ&aﬁeac,he&l_ya&doﬁ&et fmiocyrm)la@dememnn}o%tuomn&é@ﬁéul in wde
vari ety of applications. The | ow degree of permeability to gases accounts
for the |argest (&@EengmesHdsie dolapferisnitparsiops P%Wérab?‘i?beé AeTdire

i nnerliners. Thesab&aﬂ@t@H@perbtch&swath@maln&ﬁanef [ rrportance in air cushions,
pneumati c spring ceuti cal

cl osures. The thi?orlr%{] stathF1 ?ﬁfloé’F *E“R% “a]BTn)tirtrlecra%sCo‘ %'ﬁ’ﬁalg'oplcqg?osure make them
i deal for rubber 10¢ rgumupérergt bsaldden she thiagholtrenpiethatilyeats sdemptoelyhoses, and

conveyor belts f%oma%wmwolf@'mh?ﬁ% 2% I8 PY! 3By 5o &% Mgbh4 shi gh danpi ng
and have uni quely broad g shock absorption ranges 1 n both

tenperature and e%]u%sn% 98'PI*’18 V%h“é" Ressptyln ¢ prefripdieebofisiidie BEr s and fi nd

w de applicati onelehd&daulupmbbll &o&uep@mse@my&}wmﬁm Iauh@h@xﬂaaus&i hanger s,

and body nounts. %801381 g g he |nsta t \%\gﬁl osure are al so

useful in tire s ’ﬁ“%t ARt SPoineyP 1oq51Y ‘“88 PLOMYRES o1 yrer

characteristics ifjramtetyoed ozwﬁblometearsi angd;trityoasthareut agd ovitlhi,2-and

appear ance. The Pe%ﬁ%ﬁiﬁm{%fanéﬁﬁtugés%}egisure may al so be bl ended. Properly
42

formul at ed bl ends W t di ene
n another embodiment the diluent or diluent mixture is selected

based upon its solubility in the polymer. Certain diluents are soluble in the



rubbers that exhibit phase co-continuity yield excellent sidewalls.

| nprovenents in wet, snow, and ice skid resistances and in dry traction

wi t hout conprpgLsesiskfd abrasion resistance and rolling pesiyshansges or high
performance tires can be acconplished by using the polyners of the instant
di scl osure. Blends of the polyners of th@ di sclosure with thernoplastic
resins are used for toughening of these Conpounds. Hi gh-density

pol yet hyl ene and isotactic pol ypropyl ene are often nodified with 5 to 30 wt
% of polyisobutylene. In certain applications, the instant polyners provide
for a highly elastic conpound that is Processable in therno IastlanIdlng
equi prent. The pdloPier SrofrdREupidediicds se1o68liven fapolmso B Hhended with
pol yani des to pr Qﬁllﬂ&epdl)}tnh:e& ln&ﬂhl‘éd by Eﬂd)rm&l@phd gﬂym@n&o ] AL I%hiThesspol yner s of
t he instant dlsclo§ure5 ¥ qpuse " ,h S| m) h&”mvﬂﬁwtigplants and
gl azi ng conpounds Ay 4 é?@%n ?“?l%g pIast €i'Zer § T

formul ati ons w t Hobtitars at SBRC. aﬁdfﬁmnunmbWﬂdbbemedﬂwmdﬁn@@dt¢0wmden5|ty

pol yethyl ene (LLDE rﬁ-%mam@fbg§® séctm 16 BRPGSe %J(ecaqhm&t sbhehehaR dfd | ms. They
are also widely e in lubricants as dispersants and in potting and

el ectrical cable ffhiﬂl "’r“idh igfieh i ARY Uik 8 dptnad i BRTGORIALS g e pol ymer s
of OI_t heI di sc: osur eﬁhmlé%hm@rmadu%o ek WinbddindahRews dﬂ@mﬁ'dmhlua&ﬁ miheht isas :c n

medi cal applicatigns su ) ar,maceuti c .and .t rts for
paint ol ors. [ GOMRRTTHE RarPBR G < Btapri oS PELT veREEHER Y o the

di scl osure and anbmby“ME pre@nblyi less ghaded wit%, b@%hbM1b%ngmofvﬂ%eH®®ope of the
di scl osure. EXAMPLES,0Q14L) bolyweri zations were conducted in a

| abor at ory-scal e FContinuous reactor constructed of stainless steel and

desi gned to per nilt¥He i ntr duidtTIncEPdimsHoMsr IlAY WalidpysPixEedis and t he
continuous renovatieddd ke e MﬁeﬂlfﬂaxfeﬁkQUBétweeM ihlen@eAAﬂSd @@yna&ﬁnd@y a t hree

bl aded i npell er nounted on i nl es ft.and.driver

ext er nal electrlémﬂﬁfS?ef%ﬂﬁh (ﬁ elﬁﬁgl % %66f?8(TgﬁbumE%$ The react or
was al so eqU|ppedmmmmhsamwhmmwnmauphéSKbﬁMwﬁgmbmepﬁﬂnﬁewpemavmm@ of the
reactor contents. ‘has gb@n 'fo‘?lﬂ&i b aV\ﬂﬁl &Qﬂék%gqq QJQLWELhededgé '16(?5110[0@9%3% R

tenperature, listed In exanpl e |nner5|2% the assenbl ed reactor
into a pentane oP“W§@ﬁ@%éﬂémﬁﬁ@ﬁm§hwéﬂ“?ﬁ%fﬁmé@’ WHR&T Sl NeeBsx. The
tenperature of th@nskloh kdng@rahiyedic aeamRM bPairlrewas s@afity @lokigert @sc2C. Al |
apparatus in liq cont act th the, r at 120C and
cooled in a nitrgégﬁK%?ﬁb M%E“hﬂénw%fgwémhseemwggg%wﬁw%mﬂd%%&Fheson or
ExxonMobi | ) and metukeyéf tt;ehﬁlam Tens{tidn pndGassPetevannetiar tyethehya! paggiiyigint he gas
through three st olgl st iR elaCALMIMS AR 8Hinbag rRKLUR OXidRrand wer e
condensed and colTected as tiquids in th l'ove 'box. Alternatively, methyl
chl oride was dri Secigsy far Hestigg and Yigeriodt Pltl#aeiféw?yll‘)a?r‘mﬁ AU t Bretspeels squid at 1 ow
tenperature and %Lbb&&ﬂdd@%hbéddbo’%|J:dlddfi@mt:d'iﬁcliﬁ@ﬁclﬂy&akﬁ@an)I’dlﬁ@jfdﬁl@m this

solution under its o a ressure. r. af t.hane (134a)
(Nat | onal Ref 1§ g@Fa At pRe P dry s E g T G A AE IR Mo

st ai nl ess st eel éﬁfumu@mammtaPn&n@W&ﬁeﬁEh@mmiaﬁmsMéwmsﬁanmdumsmcondensed
and collected as ayld Qinfled B LAk bRV E: Jaaxmhér hSRRLERE wifndfibEhlehas ei t her

distilled prior to use ‘or used as received sol Utions were prepared in
ei ther nethyl chPdPde’dr CBA%. B &G 26l 015G obaele®lls HCL (Al drich, 99%
pure) into the Cmfﬂmsed Ini cﬂuind)odﬂneﬂtOWetdﬁtﬁ@ﬁﬁc@taudhaectrﬂ'l&)nﬁﬂﬂQemoCat| on of
the HC in these g squH;o S was d ned @é stgadard titration
techni ques. In tﬁ L2518y, YW%F%ﬁ T EPR g 8Fred to as
the "blend" is adﬁﬁhﬁmw«wuwwmmmmmﬁumetéﬁ%lsﬂamamdlﬁb&h@krdmnéﬁude
1001421The slurrgwggqﬁhmgerlzatlons were performed by first preparing the
monomer and cat alP eeds. The nononer feed was prepared in a glass or
netal reservoir #8099 onprinsaptics gbedimetie thy dpnerfan ReheelstrdefpBd dil uent
and optional |y apne@enhiir@%¥esnet&isle, chenrpnorenyfceeticanpyised 20 w %
i sobutylene for Run Series 1 and 3 to 11. The nononer feed conprised 22 w
% i sobutylene for Run Series 2 and 12 to 15. Isoprene was charged to the
nononer feed at 2.8 not% with respect to isobutylene. Methanol, when

pur posel y added, was charged to the nononer feed in anobunts sufficient to
bring the total feed concentration to the values listed in the Table. Terns
used in the Table and Fig. 2 are defined as follows: MOH = nethanol; DME =
di rethyl ether; Et20 = diethyl ether; D PE = diisopropyl ether; MK =

met hyl ethyl ketone; 134a = 1,1,1,2-tetrafl uoroethane; MeCl = nethyl
chloride; Blend = 50/50 wt/w m xture of 134a and MeCt; |IB = isobutyl ene.

[ 00143] For Run Series 4 to 11, the nethyl chloride used for the

pol ynmeri zati on was dried by passing the gas through a desiccant bed as
descri bed




above. The desiccant was not conpletely effective at renoving traces of

nmet hanol , dinethyl ether and acetone that are adventitiously present in the
met hyl 44 chlwphgqs3fRe concentration of these componentgyibhobdiRsgEL hY!

chl ori de was determ ned by gas chromatography. The determ ned val ues for

t hese organi c oxygenates were used to cg%cul ate the total concentration of
t hese conponents in the final feed blen For these exanples, the total
organi c oxygenate concentration is listed in the Table. The nethyl chloride
used for Run Series 12 to 15 was collected by distillation fromliquid

met hyl chloride treated with triethylalum num This procedure renoves
adventitious net HFaRkge CHC et Hy - béfyh@’llo”éh(ihlﬁ‘@é‘tnéer‘i‘é anq'ﬁ’é’?‘éfsd}’%eo tHe net hyl

chl ori de used forantelaeéiﬁndfnuﬂ&dd@ﬁ&qm&hylem&ﬁcal n any of these organic
oxygenates unl es y ar ur po dde o 59, Jis reflected
in the Table. gﬂﬁfgﬁa doglé‘aneétemgtghr%{eg? ﬂ? %lé’lét C%rf "ﬂSaonlRccezfudtc?xaa}l USA8L [00144] A
catal yst feed vvasftrah%ctppelp@zrzexd/ﬁ@rm@aah copol ynerization in a separate
reservoir. The calgl¥st.ufped.was prepared by adding a predeterm ned anmount
of the stock HCl1 solution, a hydrocarbon solution of ethylal um num

di chl ori de (EADC)IYMAH opt Fisnhsaschmags GenrigeraR ph Ay EcTizatee SERIRYFI C1 nol ar
rati o was |3 0. dgqgocamcos&ﬁﬂoas af etnBodindant bihe Qi’s@@ﬂiec iobygenahaintised in the
run was only added to t y eries 12,
14 and 16"l d not EGRPE CRan ek §ada st ek S bt b Eeea T he
experinments wer e iatdelp droblertied rmdmdmdfwed% F[e@EOlild@mAmlﬁmqon‘almqmdnorrer f eed

was al so prepar ed,apth (ig05%hd BhhohbhRARKALY. [ 8L s kG PHIRGRS: Bf starting
the polynerization run he concentration of monomer in this initial charge

was 10 Wt % i sobURREREY and Sprtienies heisobyiyisee BHAT YERNEHT LCFsHY ial nonomer
feed at 2.8 nol %rémdvalihpigitidsan kU byhered bidd unft @@ dsSha@tapstghiphh@a to the

R K T i 1 L A

t enper at ure of - 95@is @G. 24Paidy dibiting dit i catalysti aampidd avithrthet Heeirdsll emdntvnegr e

ol yror | zat 1 on, | CReL aBRELA e T, B N B P ecs 10
provide an initi ézplnapqtlfs%drléfﬁé@Ciﬂﬁywﬁw&tlalwwezow@tlwé% the bath and the
reactor contents.jooig cop®oyirRs izt lfl‘émsfeé/&ﬁlﬂ@ldbﬁgulil thylmerm;r eﬁwﬁmg t he

catal yst. The catal was controlled t a constant
di fferential tenﬁ%?‘éfﬁpéel 3\§{t WZ] o ROV R LR SRET ??’n {yh Cﬁm “alhi eve the
target pol ymeri zaiilery fednfper edtalyse pfeparativhenit Ah vxa@pm%naitlloya ly tthveughenper at ur e
of the bath 45 Rl 3@%&1%%&9” @fhh%va%cmee REY YTRdigAtiA PRhRIPEAt ur e
target. Addition of nononer feed fromthe reservoir was Introduced into the
react or appr oxi nidel §roeset futhadheapictor 33 fr be apdusi fo ek diedi denced by
the formation of «fake&kfist amnilspm YRES6 Eharobh&lbleﬁld(cﬁh WE nyedp@kidagl @S) . The run
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Monormer Rate (i /pﬁ{yﬁl))rphogenate rate transmitter can include an online analyzer such as a gas
chromatograph (GC) and a flow meter.
[00114] The flow control loops can be operated to adjust the flow rate of
polymorphogenate 16, 26 to match a respective desired level for the rate
transmitter 42, 48, e.g. if the polymorphogenate rate is below the desired level, the
corresponding control valve 40, 46 is opened to increase the polymorphogenate
flow rate. The polymorphogenate flow rate desired level can be entered manually
or automatically as part of an MWD controller 52 or a distributed or centralized
process control system. The polymorphogenate flow rate desired level can be
determined and adjusted based on feedback from analysis of the polymer
produced, to obtain the desired MWD of the polymoer, for example, the
polymorphogenate feed rate might be increased to broaden the MWD or decreased
to lower the MWD. The MWD can be determined by sampling and laboratory
analysis with data input by an operator or via a communications link between the
analyzer and the MWD controller 52; or determined online via MWD transmitter
54 from an online analysis at any convenient downstream location at which an
appropriate sample can be obtained.
100115] The polymer-containing efflucnt 56 from the reactor 32 can if
desired be quenched by a quench medium such as steam and/or hot water
introduced via line 58. The polymer is then separated from the slurry in polymer
recovery unit 60, using the heat from the quench medium to vaporize diluent and
unreacted monomers in a flash tank or stripper, for example. The vapor stream 62
is then dried and fractionated in diluent recovery unit 64 to obtain diluent recycle
66, recovered monomer 68, which may also be recycled, and one or more
polymorphogenate or waste stream(s) 70. Tt is also possible for all or part of the
polymorphogenate to be produced with the diluent recycle 66 and recovered

monomer 68, provided there is a purge or bleed mechanism to prevent excessive
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levels from accumulating in the process. For example, some or all of the
polymorphogenate can be extracted with the quench medium and/or polymer. In
one embodiment, the polymer recovery unit 60 is operated to control a partition of
the polymorphogenate between the vapor stream 62 and liquid quench medium by
maintaining the appropriate pressure and temperature conditions. The recovered
polymer is transferred via line 72 for finishing operation 74 which can remove
residual diluent, monomers, and quench medium using a series of screens and
extruders, followed by compression into bales, wrapping and packaging in
containers as desired. Apparatus and methods for polymer recovery 60, diluent
recovery 64 and polymer finishing 74 are well known in the art.

[00116] In some embodiments, this disclosure may be practiced in “butyl
reactors”. Illustrative examples of reactor 32 can be selected from the group
consisting of a continuous flow stirred tank reactor, a plug flow reactor, a moving
belt or drum reactor, a jet or nozzle reactor, a tubular reactor, and an
autorefrigerated boiling-pool reactor. The reactor can be operated on a continuous
or semicontinuous basis. The polymer can have MWD less than 6, or between 2.5
and 5.

[00117] In another aspect, heat can be removed from the reactor 32 by use
of heat transfer surfaces, such as in a tubular reactor where a coolant is on one
side of the tube and the polymerizing mixture is on the other side. Heat may also
be removed by evaporating the polymerizing mixture, such as may be found in an
autorefrigerated boiling pool type reactor. Another cxample is a plug flow reactor
where a portion of the polymerizing mixture is cvaporated as the mixture proceeds
through the reactor. Another example is where heat is removed in a plug flow
reactor through surface heat transfer using coolant on the other side of a heat
transfer surface. Another example would be a reactor where polymerization takes
place on a moving belt or drum where the diluent/monomer/catalyst mixture is
sprayed onto the belt or drum and heat is removed by evaporation of the diluent as
the reaction proceeds. In addition heat may be removed in such reactors by
surface heat transfer (such as where the coolant is present on the inside of the
drum or under the belt and the polymer is produced on the other side of the belt or

drum). Another type of reactor 32 is a jet or nozzle reactor. These reactors have a
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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.

[00118] Preferred reactor 32 includes a continuous flow stirred tank reactor,
whether operating in batch or continuous 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.

[00119] 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.

{00120} The reacted monomers within the reactor 32 form part of a slurry.
In one embodiment, the concentration of the solids in the slurry is equal to or
greater than 10 vol%, and in other embodiments equal to or greater than 25 vol%,
less than or equal to 75 vol%, or in a range from 1 to 70 vol%, 5 to 70 vol%, 10 to
70 vol%, 15 to 70 vol%, 20 to 70 vol%, 25 to 70 vol%, 30 to 70 vol%, or 40 to 70
vol%.

{00121} Typically, a continuous flow stirred tank-type reactor 32 may be
used. The reactor 32 is generally fitted with an efficient agitation means, such as
a turbo-mixer or impeller(s), an external cooling jacket and/or internal cooling
tubes and/or coils, or other means of removing the heat of polymerization to
maintain the desired reaction temperature, inlet means (such as inlet pipes at the
termini of lines 28 and 34) for monomers, diluents, catalysts and
polymorphogenate (combined or separately), temperature sensing means, and an
effluent overflow or outflow pipe which withdraws polymer, diluent and
unreacted monomers among other things, to a holding drum or quench tank (not
shown). Preferably, the reactor 32 is purged of air and moisture. One skilled in

the art will recognize proper assembly and operation.
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[00122] 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.

[00123] 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 shury 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 will contain
sufficient amounts of the catalyst system of the present disclosure including
oxygenate effective to catalyze the polymerization of the monomer containing
feed-stream such that a sufficient amount of polymer having desired
characteristics is produced. The feed-stream 28 in one embodiment contains a
total monomer concentration greater than 5 wit% (based on the total weight of the
monomers, diluent, oxygenate and catalyst system), preferably greater than 15
wt%, and greater than 30 wt% in another embodiment. In yet another
embodiment, the feed-stream 28 will contain from 5 wt% to 50 wt% monomer
concentration based on the total weight of monomer, diluent, polymorphogenate
and catalyst system.

[00124] The reaction conditions will be such that desirable temperature,
pressure and residence time are effective to maintain the reaction medium in the
liquid state and to produce the desired polymers having the desired characteristics.
The monomer feed-stream 28 is typically substantially frce of any impurity which
is adversely reactive with the catalyst under the polymerization conditions. For
example, in some embodiments, the monomer feed 28 preferably should be
substantially free of bases (such as caustic), and if they are not used as controlled
polymorphogenates, sulfur-containing compounds (such as H;S, COS, and
organo-mercaptans, e.g., methyl mercaptan, ethyl mercaptan), nitrogen-containing
bases, other oxygenates containing bases such as alcohols and the like. However
monomer feed 28 may be less pure, typically not less than 95% based on total
olefinic content by weight of the monomers supplied via lines 10 and 12, more

preferably not less than 98%, not less than 99%. In preferred embodiments the
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impurities are present at less than 10,000 wppm (by weight), preferably less that
500 wppm, preferably less than 250 wppm, preferably less than 150 wppm,
preferably less than 100 wppm, by weight of the monomers supplied via lines 10
and 12.

[00125] As is normally the case, reaction time, temperature, concentration,
the nature of the reactants, and similar factors determine product molecular
weights and MWD, especially herein  the type and amount of
polymorphogenate(s). The polymerization reaction temperature is conveniently
selected based on the target polymer molecular weight and the monomer to be
polymerized as well as standard process variable and economic considerations,
¢.g., rate, temperature control, etc. The temperature for the polymerization is less
than 0°C, preferably between -10°C and the freezing point of the slurry in one
embodiment, and from -25°C to -120°C in another embodiment. In yet another
embodiment, the polymerization temperature is from -40°C to -100°C, and from -
70°C to -100°C in yet another embodiment. In yet another desirable embodiment,
the temperature range is from -80°C to -100°C. In other embodiments, the
temperature is equal to or less than 0°C, -10°C, -20°C, -30°C, -40°C, -50°C, -60°C,
-70°C, -80°C, -90°C, or -100°C.

[00126] In a preferred embodiment, the polymerization temperature is
within 10°C above the freezing point of the diluent, preferably within 8°C above
the freezing point of the diluent, preferably within 6°C above the freezing point of
the diluent, preferably within 4°C above the freezing point of the diluent,
preferably within 2°C above the freezing point of the diluent, preferably within
1°C above the freezing point of the diluent. For the purposes of this disclosure
and the claims thereto when the phrase “within X°C above the freezing point of
the diluent” is used it means the freezing point of the diluent plus X °© C. For
example if the freezing point of the diluent is -98°C, then 10°C above the freezing
point of the diluent is -88°C.

[00127] The reaction pressure can be from above 0 to 14,000 kPa in one
embodiment (where 0 kPa is a total vacuum), or from 7 kPa to 12,000 kPa, from
100 kPa to 2000 kPa, from 200 kPa to 1500 kPa, from 200 kPa to 1200 kPa, from
200 kPa to 1000 kPa, from 7 kPa to 100 kPa, from 20 kPa to 70 kPa, from 40 kPa
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to 60 kPa, from 1000 kPa to 14,000 kPa, from 3000 kPa to 10,000 kPa, or from
3,000 kPa to 6,000 kPa in other embodiments.

[00128] The order of contacting the monomer feed-stream, catalyst, catalyst
modifiers, including initiator and polymorphogenate, and diluent may vary from
one embodiment to another. Consequently, different reaction conditions will
produce products of different molecular weights.

[00129] In another embodiment, the initiator 22 and Lewis acid 24 are pre-
complexed by mixing together with any polymorphogenate via line 26 in the
selected diluent in any order for a prescribed amount of time ranging from 0.01
second to 10 hours, and then is injected into the continuous reactor 32 through a
catalyst nozzle or injection apparatus. In yet another embodiment (not shown),
Lewis acid 24 and the initiator 22 are added to the reactor 32 separately, with or
without polymorphogenate via line 26 supplied with one or both thereof. In
another embodiment (not shown), the initiator 22 is blended with the feed
monomers in feed blend unit 18 before injection to the reactor 32. Desirably, the
monomer i not contacted with either the Lewis acid 24, or Lewis acid 24
combined with initiator 22, before the monomers enter the reactor.

[00130] In an embodiment of the disclosure, the initiator 22 and Lewis acid
24, with or without polymorphogenate 26, preferably with polymorphogenate 26,
are allowed to pre-complex by mixing together in the selected diluent at
temperatures between -40°C and the freezing point temperature of the diluent,
with a contact time between 0.01 seconds and several hours, and between 0.1
seconds and 5 minutes, preferably less than 3 minutes, preferably between 0.2
seconds and 1 minute before injection into the reactor.

[00131] In another embodiment of the disclosure, the initiator 22 and Lewis
acid 24, with or without polymorphogenate 26, preferably with polymorphogenate
26, are allowed to pre-complex by mixing together in the selected diluent at
temperatures between +80 and -150°C, typically between -40°C and -98°C.
[00132] The overall residence time in the reactor 32 can vary, depending
upon, e.g., catalyst activity and concentration, monomer concentration, feed
injection rate, production rate, reaction temperature, and desired molecular

weight, and generally will be between about a few seconds and five hours, and
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typically between about 10 and 60 minutes. Variables influencing residence time
include the monomer and diluent feed injection rates and the overall reactor
volume.

[00133] The catalyst (Lewis acid) to monomer ratio utilized will be those
conventional in this art for carbocationic polymerization processes. In one
embodiment of the disclosure, the monomer to catalyst mole ratios will typically
be from 500 to 10000, and in the range of 2000 to 6500 in another embodiment.
In yet another desirable embodiment, the ratio of Lewis acid to initiator is from
0.5 to 10, or from 0.75 to 8. The overall concentration of the initiator in the
reactor is typically from 5 to 300 wppm or 10 to 250 wppm. The concentration of
the initiator in the catalyst feed stream is typically from 50 to 3000 wppm in one
embodiment. Another way to describe the amount of initiator in the reactor is by
its amount relative to the polymer. In one embodiment, there is from 0.25 to 20
moles polymer/mole initiator, and from 0.5 to 12 mole polymer/mole initiator in
anothcr embodiment.

[00134] Catalyst efficiency (bascd on Lewis acid) in the recactor is
maintained between 10,000 kilograms of polymer per kilogram of catalyst and
300 kilograms of polymer per kilogram of catalyst and desirably in the range of
4000 kilograms of polymer per kilogram of catalyst to 1000 kilograms of polymer
per kilogram of catalyst by controlling the molar ratio of Lewis acid to initiator.
[00135] In one embodiment, the polymerization of cationically
polymerizable monomers (such as polymcrization of isobutylenc and isoprene to
form butyl rubber) comprises scveral steps. First, a rcactor 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 liquid ethylene to draw the heat of the
polymerization reaction away from the forming slarry. The pump impeller keeps
a constant flow of slurry, diluent, catalyst system and unreacted monomers

through the reaction tubes. A feed-stream of the cationically polymerizable
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monomer(s) (such as isoprene and isobutylene) in a polar diluent is charged into
the reactor, the feed-stream containing less than 0.0005 wt% of cation producing
silica compounds, and typically free of aromatic monomers. The catalyst system
is then charged into the reactor, the catalyst system having a Lewis acid and an
initiator present in a molar ratio of from 0.50 to 10.0. Within the reactor, the feed-
stream of monomers and catalyst system are allowed to contact one another, the
reaction thus forming a shurry of polymer (such as butyl rubber), wherein the
solids in the slurry has a concentration of from 20 vol% to 50 vol%. Finally, the
thus formed polymer (such as butyl rubber) is allowed to exit the reactor through
an outlet or outflow line while simultaneously allowing the feed-stream charging
to continue, thus constituting the continuous slurry polymerization.

[00136] In one embodiment, the resultant polymer from one embodiment of
the disclosure is a polyisobutylene/isoprene polymer (butyl rubber) that has a
MWD of from about 2 to 5, and an unsaturation of from 0.5 to 2.5 moles per 100
mole of monomer. This product may be subjected to subsequent halogenation to
afford a halogenated butyl rubber.

[00137] The polymers of the disclosure provide chemical and physical
characteristics that make them highly useful in wide variety of applications. The
low 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 importance in air cushions, pneumatic springs, air bellows, accumulator bags,
and pharmaceutical closures. The thermal stability of the polymers of the
disclosure make them ideal for rubber tire-curing bladders, high temperature
service hoses, and conveyor belts for hot material handling. 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.

[00138] The polymers of the instant disclosure are also useful in tire
sidewalls and tread compounds. In sidewalls, the polymer characteristics impart
good ozone resistance, crack cut growth, and appearance. The polymers of the

disclosure may also be blended. Properly formulated blends with high diene
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rubbers that exhibit phase co-continuity yield excellent sidewalls. Improvements
in wet, snow, and ice skid resistances and in dry traction without compromises in
abrasion resistance and rolling resistance for high performance tires can be
accomplished by using the polymers of the instant disclosure. Blends of the
polymers of the disclosure with thermoplastic resins are used for toughening of
these compounds. High-density polyethylene and isotactic polypropylene are
often modified with 5 to 30 wt % of polyisobutylene. In certain applications, the
instant polymers provide for a highly elastic compound that is processable in
thermoplastic molding equipment. The polymers of the instant disclosure may
also be blended with polyamides to produce other industrial applications.

[00139] The polymers of the instant disclosure may also be used as
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 arc also widely employed in lubricants as dispersants and in potting
and clectrical cable filling materials. 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.

{00140} The following examples reflect embodiments of the disclosure and
are by no means intended to be limiting of the scope of the disclosure.
EXAMPLES

[00141] Polymerizations were conducted in a laboratory-scale continuous
reactor constructed of stainless steel and designed to permit the introduction of
monomer and catalyst feeds and the continuous removal of the polymer product.
Mixing was provided by a three bladed impeller mounted on a stainless steel shaft
and driver by an external electric motor. The motor was run at 1200 to 1600 rpm.
The reactor was also equipped with a thermocouple to monitor the temperature of
the reactor contents. The reactor was cooled to the desired reaction temperature,
listed in the examples, by immersing the assembled reactor into a pentane or
isohexane bath in an inert atmosphere glove box. The temperature of the stirred
hydrocarbon bath was controlled to + 2°C. All apparatus in liquid contact with

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

PCT/US2008/054567
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before use. Isobutylene (Matheson or ExxonMobil) and methyl chloride (Air Gas)
were dried by passing the gas through three stainless steel columns containing
barium oxide and were condensed and collected as liquids in the glove box.
Alternatively, methyl chloride was dried by the addition of triethylaluminum to
the liquid at low temperature and subsequently distilling the methyl chloride from
this solution under its own vapor pressure. 1,1,1,2-tetrafluorocthane (134a)
{National Refrigerants) was dried by passing the gas through three stainless steel
columns containing 3A molecular sieves and was condensed and collected as a
liquid in the glove box. Isoprene (Aldrich) was either distilled prior to use or used
as received. HCI solutions were prepared in either methyl chloride or 134a by
dissolving gaseous HCI (Aldrich, 99% pure) into the condensed liquid at low
temperature. The concentration of the HCI 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.

[00142] 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 comprised isobutylene, isoprene, the selected diluent and optionally
an organic oxygenate(s). The monomer feed comprised 20 wt % isobutylene for
Run Series 1 and 3 to 11. The monomer feed comprised 22 wt % isobutylene for
Run Series 2 and 12 to 15. Isoprene was charged to the monomer feed at 2.8
mol% with respect to isobutylene. Methanol, when purposcly added, was charged
to the monomer feed in amounts sufficient to bring the total feed concentration to
the values listed in the Table. Terms used in the Table and Fig. 2 are defined as
follows: MeOH = methanol; DME = dimethyl ether; Et,O = diethyl ether; DIPE =
diisopropyl ether; MEK = methyl ethyl ketone; 134a = 1,1,1,2-tetrafluoroethane;
MeCl = methyl chloride; Blend = 50/50 wt/wt mixture of 134a and MeCl; IB =
isobutylene.

[00143] For Run Series 4 to 11, the methyl chloride used for the
polymerization was dried by passing the gas through a desiccant bed as described
above. The desiccant was not completely effective at removing traces of

methanol, dimethyl ether and acetone that are adventitiously present in the methyl
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chloride. The concentration of these components in the methyl chloride was
determined by gas chromatography. The determined values for these organic
oxygenates were used to calculate the total concentration of these components in
the final feed blend. For these examples, the total organic oxygenate
concentration is listed in the Table. The methyl chloride used for Run Series 12 to
15 was collected by distillation from liquid methyl chloride treated with
triethylaluminum. This procedure removes adventitious methanol, dimethy! ether
and acetone. Therefore, the methyl chloride used for these runs does not contain
any of these organic oxygenates unless they are purposely added. This aspect also
is reflected in the Table. HFC [34a does not contain these organic oxygenates.
[00144] A catalyst feed was also 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 was 3.0. For Run Serics 6 to 11, the organic oxygenate used in the run was
only added to the catalyst feed. Catalyst feed for Run Series 12, 14 and 15 did not
contain organic oxygenates as the oxygenates used in the experiments were added
to the monomer feed.

[00145] An initial monomer feed was also prepared and charged into the
reactor for the purpose of starting the polymerization run. The concentration of
monomer in this initial charge was 10 wt % isobutylene. Isoprene was also
charged to this initial monomer feed at 2.8 mol% relative to isobutylene. All
fecds were chilled to the samc tcmperature as the reactor using the chilled
hydrocarbon bath of the glove box. Polymerizations in methyl chioride were
conducted at a reactor temperature of -95°C + 3°C. Polymerizations in 134a or
the blend were conducted at a reactor temperature of -75°C + 3°C. Near the
beginning of the polymerization, the temperature of the bath was lowered a few
degrees to provide an initial difference in temperature between the bath and the
reactor contents. The copolymerizations were begun by introducing the catalyst.
The catalyst flow rate was controlled to provide for a constant differential
temperature between the reactor and the bath and achieve the target

polymerization temperature for the run, Optionally, the temperature of the bath
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was lowered to achieve the polymerization temperature target. Addition of
monomer feed from the reservoir was introduced into the reactor approximately
10 minutes after the reaction commenced evidenced by the formation of
precipitated polymer particles (slurry particles). The run was continued until the
monomer feed in the reservoir was exhausted or until 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%.

[00146] A sample of the polymer was collected from the reactor shortly
before the end of the run for molecular weight determination. This sample
represents the product produced under a set of conditions at steady-state. This
polymer sample was analyzed by Size Exclusion Chromatography to determine
the number-average and weight-average molecular weights as well as the MWD
of the sample. The MWD reported in the examples is calculated by dividing the
weight-average molecular weight by the number-average molecular weight.
[00147] Polymer molecular weights were determined by SEC (Size
Exclusion Chromatography). The system uscd was assembled from an Agilent
1100 autosampler, a Waters 515 HPLC pump, a Waters column oven and a
Waters 2414 differential refractometer detector. Tetrahydrofuran was used as
eluent (1 ml/min., 35°C) with three PLgel Mixed-B LS 10um columns connected
in series. A calibration based on narrow molecular weight polyisobutylene
standards (American Polymer Standards) was used to calculate molecular weights
and distributions.

[00148] Polymer molecular weights can be determined on other SEC
instruments using different calibration and run protocols. The methodolgy of SEC
(also know as GPC or gel permeation chromatography) to characterize polymer
molecular weights has been reviewed in many publications. One such source is

the review provided by L.H. Tung in Polymer Yearbook, H.-G. Elias and R. A.

Pethrick, Eds., Harwood Academic Publishers, New York, 1984, pgs. 93-100,
herein incorporated by reference.

[00149] The data for each example in the Table represent the average of at
least 3 polymerizations conducted at the conditions listed in the Table, namely

diluent and organic oxygenate concentrations. The data for average monomer
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feed rate and average MWD was calculated as a simple average for the total

number of runs conducted at that condition. Run Series 1, 2, 4 and 13 do not

contain added organic oxygenates and are comparative examples.

The remaining

examples demonstrate that the addition of organic oxygenates to the feeds results

in the broadening of the MWD. See Fig. 2. Furthermore, the data show that

increasing the concentration of the oxygenate at the oxygenate levels investigated

increases the breadth of the MWD.

Table
Run Monomer Mc¢OH DME | Acetone Et;0 DIPE MEK Ave.
Series | ML B0 G ppm | vppm) | ovppm) | ovppm) | ovppm) | ovppm) | MM,
(mVmin)

1 134a 1.3 0 0 0 0 0 0 2.6
2 134a 18.9 0 0 0 0 0 0 2.4
3 134a 11.6 5.0 0 0 0 0 0 3.1
4 Blend 11.4 02 1.2 0.2 0 0 0 3.0
5 Blend 1.9 5.7 1.2 02 0 0 0 33
6 Blend 10.3 5.7 1.2 0.2 3.1 0 0 3.7
7 Blend 9.9 5.7 1.2 02 8.1 0 0 3.7
8 Blend 10.3 5.7 1.2 32 0 0 0 4.1
9 Blend 9.2 5.7 1.2 7.0 0 0 0 4.9
10 Blend 10.3 57 1.2 0.2 0 10.3 0 4.6
Il Blend 9.7 5.7 1.2 02 0 0 9.8 4.6
12 Blend 19.1 5.0 6.0 1.0 0 0 0 34
13 MeCl 15.0 0 0 0 0 0 0 2.5
14 MeCl 16.1 5.0 0 0 0 0 0 2.6
15 MeCl 16.8 5.0 6.0 1.0 0 0 0 34

[00150] All patents and patent applications, test procedures (such as ASTM

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

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



47 jurisdictions in which such incorporation is permtted. [00151] When
nunmerical lower limts and nunerical upper limts are |isted herein, ranges
from any | owsfohdoiiissiO any upper limt are contenplategcwbggéﬁgl%%|Ie t he
illustrative enbodi ments of the disclosure have been described wt
particularity, it will be understood thaf various other nDdlflcatlonS\MII
be apparent to and can be readily nade by those skilled in the art w thout
departing fromthe spirit and scope of the disclosure. Accordingly, it is
not intended that the scope of the clains appended hereto be limted to the
exanpl es and descriptions set forth herein but rather that the clains be
construed as encdhpHEimng wigh spqdncpRapiindsPeafittht ent abl e novel ty which
reside in the pregs@st] di S(w'msuunﬁ.,ncalrm\leudmifsganalnhma‘reatupgseeﬁmmlemtemou| d be
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i norganic oxygenaméch%nmwaﬁp®3bﬁngm@héMCGWGeﬁwréﬁl@mmbbC§QﬁUM@n@ or nore
p0|y”DrphogenateQ§&>bﬁuﬁ%hﬂﬂEQE%H&ﬂk%@&hQﬂa hépmhﬁﬁktﬁﬁhgeh500|ef'n
pol ymers and copol ynmers
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those skilled in the art to which the disclosure pertains.

%rpenvﬁnch would be tleated as equivalents theleof by



supplying the polynerization mediumin one or nore feed strean(s) to a
reactor for the polynerization; recovering a mxture of polyner and dil uent
fromthe reactor; separating diluent fromthe m xture to recover the

pol ymer; recycling the separated diluent to the one or nore reactor feed
strean(s); and adding at |east one of the one or nore pol ynor phogenate(s)
to at | east one of the one or nore feet strean(s). 3. The nethod of claim

2, wherein the diluent separation c INi€s renoval of pol ynorphogenate. 4.
The met hod of any one of clains 2 t%—wﬁ, erein the at | east one of the one
or nore poysns phageddi-e(s) is added to a nononmer feed stream conpri sing
diluent or a catalyst feed stream conprising one or nore Lewis acid(s). 49
5. The nmethod of mgifobipepdymerizg ope o mere mongiegre) ko fHm isplebr PRbIETY eed

streanm(s) conprj.Ses a mpononer xfiﬁf(‘% stream a catalyst feed stream and a
separate feed s Feam gorrpl’l S|%g e at | east one of the one or nore

pol ynor phogenat@lgheriding The diet bwodn@é aoyomeres)oin al polpmedizdtionSmedivar ei n t he

one or nore pol ynorphogenate(s) is selected fromthe group consisting of
al cohol s, ethers, kéiogfpé@nga&&eﬂ%%,m‘é@t’@Pg?m%f ’@aﬁhgl?%lap %GP@L"Shavi ng

from1 to 12 carbon GLeRE. whereilNendTRiINAH BSmANEs OBR QF GbRI Mlokehded
wherein the one or ndre pol ynorphogenate(s) Is present in an amount to

provi de a nol ar r at ihydofcapwhimpwhbisge tHet eattlpstLowies agongrifegsmet pramote 8. The
met hod of any one of, cl.ai ns ﬁ]o} t% 7, V\hﬁ%’e% tpgf one or .nore
pol ynor phogenat e( s) I’re_émfnaé@é t#n? Araiiyfk OLBIS SPEPBENG NG ¥y LS al
wei ght of the pol ynghit@tdispnan®@dotén or more polymorphogenate(s) comprising
molecular oxygen or an inorganic oxygenate; and
adjusting the concentration of said one or more polymorphogenate(s) in said
polymerization medium so that said isoolefin polymers and

copolymers having a controlled MWD greater than 2.0.

2. The method of claim 1, further comprising:
supplying the polymerization medium in one or more feed stream(s) to a
reactor for the polymerization;
recovering a mixture of polymer and diluent from the reactor;
separating diluent from the mixture to recover the polymer;
recycling the separated diluent to the one or more reactor feed stream(s); and
adding at least one of the one or more polymorphogenate(s) to at least one of

the one or more feed stream(s).

3. The method of claim 2, wherein the diluent separation comprises removal of
polymorphogenate.
4. The method of any one of claims 2 to 3, wherein the at least one of the one or

more polymorphogenate(s) is added to a monomer feed stream comprising

diluent or a catalyst feed stream comprising one or more Lewis acid(s).



9. The nethod of any one of clains 1 to 8, wherein the one or nore

initiator(s) conprises at |east one non-chal cogenate. 10. The nethod of any
one of clainms 1 to 9, wherein the one or nore initiator(s) is independently
selected fromthe group consisting of a hydrogen halide, a carboxylic acid,
a carboxylic acid halide, a sulfonic acid, an al cohol, a phenol, a tertiary
al kyl halide, a tertiary aralkyl hali 9 a tertiary aIkyI ester, a tertiary

aral kyl es er, tertiary.al kyl r, a,ter Kk et her,

hal i de, ar haf}i‘edgleﬂ};ﬂ%kéf 3?39I°nﬁa‘7fh§%1m ahd® %’yYVB%/r ﬁ’é’r %“ehéﬁ e ¢ fa‘i‘i( The
met hod of any ORRaf(s Cdo%ﬁ?ﬁeslatrﬁoﬂ&neM@a %trearhhs c@ta'l}ié?rf&edcﬁf@ahi sf#a pne or
nor e hydr of | uor ocar bon(s . The nethod of any one of clains

1 to 11, wher eiwpihe &oed @rreanmr@mmwrg élaﬁ di¢ slpagt sonen@épddeng 1oy swrect ed
fromthe group cgnsrs %% et hyl al um num di chl ori de, ethyl al um num
sesqui chl ori de, POYBYHR P%%ﬁ' Hum chi ori de, nethyl al umi nundi chi ori de, met hyl

al um nunsesqui chl ori de, dinethylalum numchloride, and titanium
tetrachloride. 13. The met hod of any one of clains 1 to 12, wherein the one
or more nohoner (k) mahedgdpandenel 9f skimst bdof ﬁoﬁY}telﬁ@ngrhéuﬁnQ:dﬁsH@W ng of

olefins, alpha npo ﬁr@go%& g@%& gc{l&&@@ﬁg&ﬁu g@uplcaﬁartgrg' Mol Hgaked

di enes, non-co renics tutedstyrenics, and vinyl
et hers. 14. Thd(dtfﬁteh,oaldﬂfydeé aisters] ,anﬂ\/hafb@xylhd heédoheving fromi @ to 12 carbon

pol ynor phogenat e(s) further includes at |east one corresponding thio
conpound. 15. T&M¥et hod of claim 6, wherein one or nore pol ynor phgenat e(s)
further conprise an alcohol. 16. The nmethod of claim 1, wherein the diluent
is selected fromthe group consisting of ethyl chloride, methyl chloride,
met hyl ene &hl orTide me@HC@1 3f ©F14ne neﬂoutajnhs chltor 6deyhec¢inoﬁh©bemtzmem0m1d

m xtures thereof. 17. The n the diluent. further

conprises a hyd}oggg?rgg?lgegpp‘ést) nd rprﬁf&ﬁt‘? Ve ?)‘P%Wt aW&Y e aaﬁmfl?feFattl 98s.

polymorphogenate to Lewis acid less than 1.

8. The method of any one of claims 1 to 7, wherein the one or more
polymorphogenate(s) is present in an amount from 5 to 25 wppm by total

weight of the polymerization medium.

9. The method of any one of claims 1 to 8, wherein the one or more initiator(s)

comprises at least one non-chalcogenate.

10.  The method of any one of claims 1 to 9, wherein the one or more initiator(s) is
independently selected from the group consisting of a hydrogen halide, a
carboxylic acid, a carboxylic acid halide, a sulfonic acid, an alcohol, a phenol,
a tertiary alkyl halide, a tertiary aralkyl halide, a tertiary alkyl ester, a tertiary
aralkyl ester, a tertiary alkyl ether, a tertiary aralkyl ether, alkyl halide, aryl
halide, alkylaryl halide, and arylalkylacid halide.

11.  The method of any one of claims 1 to 10, wherein the diluent comprises one or

more hydrofluorocarbon(s) (HFC’s).



18. The nmethod of claim 11, wherein the diluent conprises from15 to 100
vol ume % HFC based upon the total volune of the diluent.

50
12.  The method of any one of claims 1 to 11, wherein the one or more Lewis
acid(s) is independently selected from the group consisting of ethylaluminum
dichloride, ethylaluminum sesquichloride, diethylaluminum chloride,
methylaluminum dichloride, methylaluminum sesquichloride,

dimethylaluminum chloride, and titanium tetrachloride.

13. The method of any one of claims 1 to 12, wherein the one or more
monomer(s) is independently selected from the group consisting of olefins,
alpha-olefins, disubstituted olefins, isoolefins, conjugated dienes, non-

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

14. The method of claim 1, wherein the one or more polymorphogenate(s) further

includes at least one corresponding thio compound.

15. The method of claim 6, wherein one or more polymorphgenate(s) further

comprise an alcohol.

16.  The method of claim 1, wherein the diluent is selected from the group
consisting of ethyl chloride, methyl chloride, methylene chloride, CHCls,

CCly, n-butyl chloride, chlorobenzene, and mixtures thereof.

17. The method of claim 1, wherein the diluent further comprises a hydrocarbon

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

18. The method of claim 11, wherein the diluent comprises from 15 to 100 volume

% HFC based upon the total volume of the diluent.



