SEPARATI ON OF POLYMER SLURRI ES BACKGROUND OF THE | NVENTI ON Fi el d of the

I nvention [NM Enbodi nents of the present disclosure generally relate to

t he producti | efin polymers. More particularly s of the
pr esent dlscﬁggg&%hﬁggate to separating slurry conponen C%??%@WgFQ§

pol ynmeri zati on of C4-C7 isoolefins. Description of the Related Art [0002]

| sool efin polyners are typically prepared in a slurry polynerization
process. Certain slurry processes use nethyl chloride as the reaction
diluent. Methyl chloride is used for a variety of reasons, including its
ability to dissolve the nononers and catal yst but not the polymer product.
Met hyl chloride al so has suitable freezing and boiling points to allow | ow
tenperature polynerizati on $SEFARSTIONONVRPOEEMARSAILIURRIESOm t he pol yner and
unreact ed nononers. [0003] Fol |l ow ng polynerization, the nmethyl chloride is
separated fromthe polyner product. First, the cold rubber product slurry
is heated to preJ%#59§§93524§1E§EEX¥E¥1¥¥Sbetmeen the reactor and the flash
tank. In the flash tank, the liquid reaction nediumis vaporlzed. See, for
exanpl e, U.S. Patlieid ofNbe InRerd®, 559 and RU 2 209 213. The vaporized reaction
medi umis then cool ed and condensed back to a liquid, it is purified, and
is recycled to theot eagboaimeak of the pfeasacaii;cmme@aﬁianymwﬂlﬁj IﬁoduS’ﬂdﬂOt an

energy efficient ro ess. 009 There r obl ens

Sesoc) ated wi th SoISHEPEEn Hon mernyr- cnPebiord o BERTaie @ ool yirer
particles have anﬂenwenmeMDmaggbmmmmai@ﬂmmbmmea@mm@fﬁe@ﬂmmhﬁhe reactor and
collect on the reactor wall, heat transfer surfaces, inpeller(s), and

agi tat or (s)/ punp(eriplieofitRd Relftfd &ggl oner ati on i ncreases as reaction
tenperature rises. The subject of polynmer accumulation has been addressed

in several patentgy, Slu&tﬂshﬁspownérs % Qttﬁﬁgall;\k})repgreé :%f ’a6§1§ H.y gncrg?ﬁoﬁnt No.

2,548, 415, and U. S. Pat -2- uor ocar bons
(HFC s) have beer@r%%é;pc%%n algmaPtOéwatuk@v@ethﬂlqht@ﬁ % as %@éﬁactfoardﬂés@anpl e, WO

ng/ 3‘517237 \8/\17)002/ @gﬁ%ﬁgﬂm%@l@@&pﬁgﬁigle%ﬁ?1ef§%1§,ﬂﬁ|$gm@ its Abifiig4e BidBlve U. S. Ipat ent
. 5, : - .S, Patent : 3, e_.environpnental |y
friendly tof ri gem Bt eoBus AYSa Ry HeOL R ery bWty EHBE e Rz one

depl etion potenth&h&eﬁbwﬁ&emimmhgpbmeﬁéMmMGHQMmmeMWUhendomn@t&@an1d|Iuent
recovery remain %H&:n%asg&[r)alnwg fe'ﬂgﬁ;& ahPurPall&EHonoBgr €f ore, for

alternative diluents or uents to Create neM/ponnerlzatlon

systens that woul d artlcle ag n |n addi t an i nproved
separation proceggm{ﬁgﬁm“ PQYWWBW6We%ﬁr@3 ﬁﬁmg?#q ﬁf

polymer product. First, the cold rubber ploduct sluny is heated to prevent
plugging in the line between the reactor and the flash tank. In the flash tank, the
liquid reaction medium is vaporized. See, for example, U.S. Patent No. 2,542,559
and RU 2 209 213. The vaporized reaction medium is then cooled and condensed
back to a liquid, it is purified, and is recycled to the reactor at the reaction

conditions. This is not an energy efficient process.

[0004] There are also a number of problems associated with polymerization in
methyl chloride. For one, the polymer particles have a tendency to agglomerate
with each other in the reactor and collect on the reactor wall, heat transfer
surfaces, impeller(s), and agitator(s)/pump(s). The rate of agglomeration
increases as rcaction temperaturc riscs. The subject of polymer accumulation has
been addressed in several patents, such as U.S. Patent No. 2,534,698, U.S. Patent
No. 2,548,415, and U.S. Patent No. 2,644,809.



SUMVARY OF THE | NVENTI ON [ 0007] Met hods for producing el astoners or

el astoneric conpositions are provided. In at |east one specific enbodinent,
one or more ¢4 to C7 isoolefins and one or nore cononomers. can

pol ymeri zed i NOCHE P/¥sence of a diluent conprising one ST’UFr’t?PSéO”“’

hydr of | uorocarbons to provide a slurry conprising polynmer product,

unreact ed nononer and the diluent. The slurry can be extruded to separate
at least a portion of the diluent fromthe pol yner product. The separated
di luent can be recycled for polynerizing2the one or nore C4 to C7
isoolefins. [0008] in at |east one other specific enbodi nent, one or nore
4 to C7 |soolef|ns can be polynerized in the presence of a diluent
conprising one or 093 By ¢ 6??%8?3@3?65ﬁ@IFﬁIQOW%%cF@Faﬁﬁﬁiéﬁ%%mat slurry
p]?:c ?/ITEI‘I zation closwliftm @ifple, VO espt7or;, vab 01/00end4; U@’I)OhﬂOGleUQ}\/Eart@ﬁNo ghle

e uent can inc sl t n n e dil uent
fromthe reactorfﬂ% %?géﬂ?ggﬁép #%%ﬁ?yggﬁgg ﬁ%&'rﬁgggikg gIFarate at | east
a portion of the wavirnmenttallyrfdendhyrefigtrats promentiry havomvelydopdévgmesro)pr oduct ,

and the separat eol)z@iieldeﬁaim?ag i HEAGLE A RARTEE CAM AW EEHE iRt O the
reactor. -3- |[O | east one ot her specific enbodi ment, the method
i ncl udes ponnerN?PWﬁYGW@n&PSWHie C4 to C7 isoolefins in the presence of a
di l uent conprising one or nore hydrofl uorocarbons in a reactor operated at
slurry pol yneri zdtwenlleone ik hécdnssreipreclovdicinpg c dilycam et biendeof dilvenst toconpri si ng
pol yner product, cwa{c%@tp%gm@%f?(yﬁesrybtéﬁkdthgt%uﬁ' CMJ%@Baitlcrl@g@ggolﬂﬁiaﬁ ARt Or ;
extrudi ng the reactor effluent to separate at |east a portion of the

di l uent and unr €41 AR ERBPVES PHAPERSSEE YiRE P OHT Baee Produdivivgadeat to t he
reactor effluent dmicaggl onerate the polynmer; and recycling the separated

di  uent and unreacted nononmer to the reactor. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0010] SgmMiakyiderimmteintipwhi ch the above recited features of
the present disclosure can be understood in detail, a nore particular
description of the discl|losure, brief summari zed above ad by
reference to enbd%?7@?Q?gs%hé”%yaﬁ%iﬁﬁmg?é I%ﬁg??ﬂiéamVﬁ“¥Weaﬁppended
drawi ngs. It is troviled nbtaedkast hosneeefic emﬂmamlenthemeacpp@rﬁd@dodhmln@s illustrate
ont ytypi cal embag FRI: Syl odufthndl 86! RSE AN 1P iebe%ee&gJ grBgt to be
considered limting of its scope, for t osur & mt to other
equal |y effecti vEOBRiSHEi ¥ery §n01f drpdrafuopicybrie ta. paRYse slmay SPHPISIEI ed 1 ow

di agram for pol ymelméi pagudUlnytactéibdemerand it afluese 1as atrin@n sosponagnt s of the
pol ymer slurry accordin i ments described.  [0012]

Figure 2 depicts a Part éﬁﬁ“éhﬁa?%bgpé%ﬁgﬁﬁ&F%“JieBW%WQ &P udErat i ve
ext ruder configuma@m@mdacmommnngeﬁckmmeimwnnmm@;éﬂbmdmnmnbghdeibribed.
[0013] Figure 3 QQQH%LS a partial, enlarged schematic view of another
illustrative extruder configuration according to one or nore enbodi nents

descri bed. ‘
[0008] [n at least one other specific embodiment, one or more C, to C; isoolefins

can be polymerized in the presence of a diluent comprising one or more
hydrofluorocarbons in a reactor operated at slurry polymerization conditions. A
reactor cffluent can be rccovered. The effluent can include polymer product,
unrcacted monomer and the diluent from the reactor. The rcactor effluent can be
extruded to separate at least a portion of the diluent and unreacted monomer from
the polymer product, and the separated diluent and unreacted monomer can be

recycled to the reactor.



[0014] Figure 4 depicts a graphical illustration of slurry instability
tenperature for butyl rubber slurries according to one or nore enbodi nents
described. -4- DETAILED DESCRI PTI ON [ 00151 A detailed description will now
be provided. EBH¥1"%he appended clai ms defines a sepafﬁ?@sWﬁwgﬁ??on

whi ch for infringenment purposes is recognized as including equivalents to
the various elenents or limtations specified in the clainms. Depending on
the context, all references belowto the "invention" can in sone cases
refer to certain specific enbodi nents onfy. In other cases it will be
recogni zed that references to the "invention” will refer to subject matter
recited in one or nore, but not necessarily all, of the clains. Each of the
i nventions wll Hﬂmﬂb@-dbé%?ﬁB@ﬁ‘ﬂﬁrqP%HFeFmH@F§W1 Bel Bethod freludeti ng

speci fi ¢ enbodi mgjptyserisgys SlieOﬂSmarBCbﬁﬁéa@}pls&Seﬁnbhﬂ tﬁch[&eqler[WEUﬂtd gingntar € not
limted to these eanq ment s verstE 8 " h.are included to
enabl e a person ﬁﬁ@ﬁﬁ&go?ﬁlﬁa??GJW‘P (”%mrﬂ“ m r?‘mhé§Mf§ﬁl‘us ¢ the

i nventions, when oleciinfigr patlition; uwovmngapauﬂmmﬂmsmCommuﬂeanvmh avai l abl e
information and teehROlQG¥ed [RAHR: MetROES hiOfonP HRANEGIATe &l @RS QErS Or

el astomeric conpositions are provided. In one or nore enbodi nents, one or
Or e nononers ar °45F SR 19 et ot lppst Ao Athe diuens adgpiepgiedimaggiastem and a
di l uent cont ai ni n@nomep&ymmfoeudﬂwdal@g hdd%@lcbaedmn&ﬂ(lddm&gglomelae keend of one
or nore HFCs with ne.or nore 0% rocan9§§ $ d or one or nore %hlorlnated
hydrocarbons at SY'day” réact?on® contftons. e sty Cohtal ni ng pol ymer
pr oduct, unreactedwwnnoner and diluent can be extruded using one or nore
extrusion techniques to separate the pol yner product fromthe unreacted
nononer and di | uBsRIEF DESCREPAONtGECITHE IDRAWINGY] unr eact ed nonomer can be
recycled together or individually to the polynerization process. As used
herein, the termggcatal e{l&tthéxaﬁrﬁmn EREPR b IoGied fealiRA %f%tﬁ%&ﬁt s and/ or
one or nore |n|t|ators [001 In one or nore enbodi nents e process
produces pol ymer siselpsugapanchsi BEFSYOh 1 Yotk 2z BBE arsHENESEEYom YL dsnt act i ng
the one or nore nRBAGHERY sneﬂlymmamﬁat @byeshlaﬁy@ﬁaamwraextad&etdogn@s@iﬂﬁm of a

di l uent containing HF .of the ent ca ne or nore HFCs,
or a bl end of onast oispEh pecln R roty PRt B F o Teflnany - 6.
[00181 W surpriémwgkwﬂdlmeamenbddmhugxmnﬂawwszgmahmﬁwmnﬂdepfmm Separate
the fluid, e.g., dg&ll)b"d%n}nd aa[kdthé‘}gﬁn%%t %dben&ﬂgmishmlﬁr{gom 1& Q@opgoiloy Her. the
separation is inprove heating th lurry to above its instability

t enperat ure. Thedéﬂ@ﬁ?”%ﬁ§@§%V$ﬂ@&“@%%ﬁgﬁﬁﬁuw@Oméﬁmused in this disclosure,
is the tenperature above which the slurry is unstable, agglonerates into
nacroscopically lilarig &Figness b épjctsandinddind fiov ogge rforlpelysisgiensied nbdber
re-suspended in e y
applicants of th%@pf?g%ﬁ%ﬂ%(Bﬁ?ﬂk”ygg%fg%zr%ggJ ﬁ%@@%@fﬁgMﬁgﬁﬁﬂgr can be
conveyed in the &xbediwser davdbedeparated fromfluid, such as the diluent and
unreacted nononers, in the extruder nuch nore ea5|ly t han the

un- aggl oner at ed sMurﬁymheavkmgqmm@nmEathﬁmqgmmmus&awkw&ﬁgmmﬁumbhernnre
applicants of thig mQ%%SJfQMEo% ARGV (ﬁSn%%rﬁlE'l%temﬁ&ﬁn&,ﬁ;&R% idhure at which the
slurry becones unst abl e depends on "t he conmposition o e dlluent As the
ratio of HFC in the dllue to neth chloride.in th ? | ncr eases,
the slurry instaBPP &yeus 8?5?&?@“?ﬁ8?@§ SERPMAC YRy WﬂPIQHﬁge 1t is
desirable to havem&mﬁEmﬁ@mﬁmmhama@gmmaﬁmammeBmhﬂnpm@%bdﬂma slurry that is
easier to extrude fromthe reactor to the solvent separation/recovery. In

sone preferred emmfdlw%r&tmep&tb@gl%mrMusfnmmothﬁmﬁ@&n@;temdut}@f&eat ed to
above the slurry erature for cg gég? and extrusion and

separ ation of thgmg ‘@wé“”mgﬁgﬂﬁﬁfoﬁﬂ%eﬂﬂw

pol yner.

G bmers fromthe



[ 0020] Not wishing to be bound by theory, it is believed that the HFC in
the polyner slurry al so provides inproved thernodynam cs and rel ated cost
savi ngs because _the reaction process can be operated at tenperatures warner
than pure netRWYP¥h%Yi de systems but col der than the i ASTUERPYT]3S
tenperature. [0021] In one or nore enbodi nents, the slurry tenperature of
the pol yneri zation process is maintained at Ieast 1C, 2C, 3C, 4C, 5C, 10C,
15C, 20C or 50C below the slurry instability tenperature. In one or nore
enbodi nents, the slurry tenperature in tte polynerization reactor is 1C or
nore below the slurry instability tenperature. |In another enbodi nent, the

slurry tenperature in the polynerization reactor is nmaintained preferably
5C bei ow t he sl ur%ﬁ@@a@%ﬁﬁ]}ﬂ@herature. -6- [0022] In one or nore
enbodi ments, the slurry tenperature during extruder separation is

mai nt ai ned at | ed®s) 1€ det@iCd d&Q;iptidCyilGOW bt PCyiddd Caclp@@eappb@®Cchlvsve t he
slurry instabili tcbéﬁ&egm%a?atteuf @entlé)xn whRE f@rr1nﬁ@£e§1eﬁtrmﬂg§m§ne§oon¥z&eaﬂsl uny
tenperature during extruder separation is nore above the slurry
instability tenpefAtdiigecauivpicnini herveitm cimeahtor lnpatiags ypselficd divpsr at ure i s
mai nt ai ned pr ef ercahy Ij_bgelﬁth@\éﬁ tﬂchem@dt Wi rferblasst @i tb thy “tnesraer-akume. 1 n one
or nore enbodi rrent s, the slurr rat.ur.e %%I’I nghext r uder separ ation is

mai nt ai ned no nor'é ’Eﬁaﬁcsr icoe bpé - Copggiments paly - Insgier SREVEMINE 5| uny

instability tenper@gugcd thaf tefefegoos @gthar albflcwonbwnﬂedyldb @bIChten%telpemtad ed fluid,
e.g., diluent and,uprQactRHndIHRUERES 11 036 dfnd NE.cE 3k e RREMARY LZat i on
process to effectively saving energy cost. [0023] In one or nore

embodi ment's, t he "SFURT JePHEY Abiggeie) detainbelont iclvding speeificegaodimetsc or nore.
In one or nore eWbl@ﬁh%ﬂteﬁample@ﬂ)uﬂhblIili’vyntlbﬁbsdl@ﬁljt liivkeyd fbelmpeeérﬁi)umms s about
-40C to about -84C.. t he urr |ns bility
temperature is ab¢ Iﬁltom Odgﬁmtp%s ocl}ta‘el%%“![ {T%n%bzcea pé"rsor%rlt?)arv e grkayy }r(rlglnt s, the
slurry instabili tnythtz erpemakcuneé uredhgesnfinswign lthovinfofmagdyom tthis A@@t is-50C, or
-55C to a high of om%twﬂngaQable ZIQ)GHEQIOH dl&qghm{l&QzA'] Figure 1 depicts a
sinplified fl ow d| agr am f or po ymeri zi ng butyl rubber and for separating
conponents of the 096 %Erd stl accor? ‘ﬂ to one or re enbodl ment s
described. A firsP"f SEEUE 8RR L &SP RIH G oHE Omren(fn)cf)mp‘i”sléi%fl &i n nonomers

and a second f eed@rogtdedamofborgome anhwlmgntamee ormerp menamglstare lhyaferizednrononer s
can be bl ended wif B.0RGAL IO Eulfhd uﬁ@m@%mﬂm DShefS: B BPEGrHFCS wi thin
one or nore mxing tanks 100. Fromt m xi ng tanks 100, a m xture stream
105 cont ai ni ng tﬁédleih@06+lb%ﬂéFqsé%¢ élﬁle%ofrﬁﬁﬁ@hﬁlp@ HEgqy | vtith-og¢ €f MArenonomer s,
and dil uent (s) capirb@rbpkseamahi |0heedr msllertgloam@edomydrmx@nhaauuweéaam)gers (two
are shown) 106, loﬁ bef ocfg ble ng fed to one or e?ct ors A feed
stream 20 cont ai AP Bhe '8 SHEY SOEAPH {}%W%eram%% “‘(’:réatc};‘f ))gotmgﬁfs?n ms can be
added and/ or st odéni qan dnextodedning we yrreok@XB@h oechnilpes ngsepade the t he one or
more reactors 119, &lgpﬂgﬁt%mwlﬁre@ap%lmatm ahfdf. AL Bhist fied stream 20
can be pre- -7- ch using one or nore heat exchangers (two are shown)
170, 172 before éli*f’téﬁfleﬁffdt ﬁ@lwaéﬁ@rbel@eyclefio@a@@vhemﬁlélé&“@srtome can be any
type, shape and/ @61yxﬁé}ﬁﬁtloglpl’@§sb onb Sdélih@ﬁh&hét@lrrpQ:th){lWrsbe&l'tlms'ﬂﬂﬂl@m?rS to
produce rubber. In on e .Qr. nore |msttts the reactor 110 can include a
central, vertical BYRFFAEHBE %SP‘?%{&‘??&%H IB)/ concentric rows of cooling

t ubes. The reactor can be m xed by an axial flow pu | ocated at the bottom
of the draft tub®¥hde @ireulmeicesmBedirgn. tthy @L@?f*tmgue@omlwgcr% ubes. The
reactor 110 can eétlsﬂcdllp@blyg@nzabl¢ a@ml(glbw@mdng neveah st home@nt ai ni ng a
heat transfer nedi S t1 é‘l ene. . H‘z Iene Eg %éef eral‘}zly fed to
the jacket as a M Eﬁfacﬁayb‘l'ﬂéc‘inlnhﬁf CEITY 8 ucﬁtafﬁ BRLH he5t° of reaction
and "boi |" to naihatidicnt dinbe ehesi merd HHOS, ymeblbkial beror enpéiCatud ectinilt hi n t he
reactor tubes. PElﬁ&EiE?laﬁ&émbtlJlﬁ*)p()' ymeri zation tenperature is kept bel ow the
slurry instability tenmperature’for the diluent blend used. In one or nore
enbodi nents, the polynerization tenperature may range from-100 C to about
-50 C as Iong as the slurry within the reactor. Additional reactor details
can be found in US 5,417, 930.



[0026] Fromthe reactor 110, an effluent stream 115 containing at |east a
portion of the polynerization nmedium can be discharged to one or nore
conveyi ng systens 120, such as an extruder, that are in _fluid communication
with one or mBPEBIRIH tanks 130. The reactor effluent EEFESHPHBEN ncl udes
t he pol ynerizati on nedi um whi ch can incl ude pol yner product, unreacted
nmononer, catalyst, initiator, and/or diluent. The reactor effluent stream
115 can be insulated to keep the polyner therein at a tenperature
sufficient to prevent plugging. [0027] -Pn one or nore enbodi ments, the
concentration of the solids in the reactor effluent stream 115 is equal to
or greater than 10 vol% In one or nore enbodinents, the concentration of
solids in the redf¥8r Werspidntly dissosdst Patovie U peabmfrfe ¢ peepledld or equal
to or greater thami®5%gyaliPmt dnd ueetedmirdnh@s, EIhabl papyHics,, thd RpargAGeNt rat i on
of 'sol ids in the reactar, ellluyent, Sticam 13 Langgs LLom 10,09, 40 vol ci/o.
In one or nore enBBdifrent s  £he Concentrati on ot sorrds in {mn“e Feact or

ef fl uent stream liiEbiligngescrftyrorm 8@ trothid disdloduss is ithe tonpsrapre apoyeevlaghbodi nent s,
the concentrati on,ofi, 39l idanik el &GS Rhcr&EdidBNbreS b 8&Mnk e, fAnges - 8-
from50 to 70 vol% In one or nore enbodinents, the concentration of solids
in the reactor eflfPlsgept Sepsdstndrs resupaMighdn theofiuan o glilveyt Bisrde 1 5 one or

nor e enbodi ment s, dikchiered 0N aglitamatdr ek @fclos@b thdSageldmtiied meaat @poghtd uent
stream 115 rangeSC' ! Beocr(glézo dt 2 th7e% Y%l 1‘0/ond %{p%%%(? 1'1 nggidongl zgrthe NS ];uldaSh tanks
130 can separat e The” FEACTor "ar T T UERT SPFEsm M 5 exi'th Rig tHhe" et uder 120
into a vapor str earecd@Snanders ipthe yrtarergiuck ane3esily ke guen-ogglomraed

enbodi ments, the {}.3%hvih@RKrddOn ORI NS a pool of hot water at a
tenperature rangi ng from50C to about 75C, and can be continuously heated

by a flow of stea /[or hot water via stream.35. The hot water vaporizes
the diluent and d@%ggglgwggmﬁ%h‘@ﬁgcram%?%g aps l(%subclrﬁlﬁvc?%t%‘élrﬁc ;tcglrp FEMS coarse
sluriy in the wataewhicl 0020}y Hremcoastsee doppidepn b gemppsigamofiie plasged t o one

or nore stri pper lgrt%tiol&qﬂﬁfd if tlﬁtdﬂ%mo‘?h%tl PehlidrildOMEnd (ﬁﬁl&g‘ﬂﬁ}cagcé, ltﬂcd fr _Om t he
rubber. The one or nore stripper druns 140 can be operated at any suitable

temperature and pREEdHRRIIYJCRREAIVRIERECY BShATaP Fausi 4. {0d861PI$6r exanpl e,
stream 60 can be hfttrsbieparsRnagiahasion tOprLtidtes Ml aliat 1 ¥asse QMM GoMN a
de-watering scregn 189, af dspltvgl?ﬁ‘ep‘irg%na%‘égvfegys. r%l'D s}él){%leélfe%e?ri[;]doem%o%gfer\ﬁgtthee“ ng

n
extruder 185 and "#r§i RGOS Pl e Tenar N’ ng wat er can

be renmoved. On | elwuy figmtthvecadtoy inpg bektatadde rboi@Bs sltumeinkigtility coppriessed r ubber

can be expl oded igt.0n@yihd 415&wrus@pgnqtg%aﬁﬁwmﬂl@mu@t EAMIGESRGhfdAm t he
resi dual water, which has been heated under pressure. The crunb can be

cool ed and the r &WEPPRHECWAE BYYBEN be al | owed to evaporate using the
conveyor 190. The dried crunb can then be conpacted into bales, wapped in
pol yet hyl ene w amozndNs tvagikegdo e bodndeiystporit, it i 008Y4d Miwghd HEC dn theom t he

flash tank 120 aBQly{ﬁErrsihBQ%Ysog%)gigle‘%gro@é/@thé}ﬁlg&%a&iks fid rMQzQP&oitgst%vrif?gm 135) can

be recycled. In oné or nore e I ments, the vapor stream can be
conpressed vi a oRE&E teorwstighpipieesen g ongaed of dempediure dvapes A deE or nore
driers 150, and pitifdhReddmyithhibut @WRF GankfiOinstabfidy tehf@atiplr i fi ed nmononers can
be added to the drum 100 and recycled to the reactor 110 when -9-

[0021] In onc or more cmbodiments, the slurry temperature of the polymerization
process is maintained at least 1°C, 2°C, 3°C, 4°C, 5°C, 10°C, 15°C, 20°C or 50°C
below the slurry instability temperature. In one or more embodiments, the slurry
temperature in the polymerization reactor is 1°C or more below the slurry
instability temperaturc. In another embodiment, the slurry temperature in the
polymerization reactor is maintained preferably 5°C below the slurry instability

temperature.



needed. In one or nore enbodi ments, the diluent can be recovered in stream
165 and added to the drum 167 until recycled to the reactor 110 when
needed. [003,& Consi dering the one or nore extruders 120 in nore detai

the extruders"228¥4%%w the separation of the volatile EGHPINERTETi . e
unreacted nmononer and diluent) fromthe cold polyner slurry in the reactor
effluent stream 115. The extruder 120 can al so convey the polyner fromthe
reactor to the flash tank and therefore reduce the tendency for plugging
the reactor effluent line. As nentioned -&bove, pluggi ng can occur in the
reactor effluent stream 115 if the shiny tenperature rises above the slurry
instability tenperature. However, the reactor effluent stream 115 can be
heated within thdd®3tt [yensror Bors sebedimenss. dieuslyny fepeeraic) e CmdeT at ure in
order to aggl orrersa;saemblhg ot fat &k uqcc Iz&s tderei ne, provise, ngecobet t er
slurry consi stenc ar E, extr%qgﬂ } 9 hqndleln%g9§ 1mAq¥ %onventlonal
extruder 120 can Be uéﬁ% ° gy b ﬁ7f§18a5§tru &r's, SUMBer "Of screws
can be used. For séxanpheratirhdurppextodemppeatien tiy Lf@etrrsm(m@boeadw sy have
single or twn S%q‘?‘ﬁﬁny E’Jrr%feﬁ{u%bl Yn atn&ﬁereéﬁbro&ﬁgl@ﬁt 1}%0%1{]1‘%/ %nﬁ)@llaimec lseam ng,

fully intermeshing co-rotating twn screw extruder. | ustrative extruders
are comerci al | y SRS R Preriiho mOeetie Prme ingabilsy tenBlS‘raE’Eeof flo onESRl  and

TFlsm ba. [0034] Eilcgurambadl?iam Cths ﬂnﬁaﬁetrﬂpallamleeﬂ{n&lrog&dm&ﬁh&iﬁﬁﬁﬁ(ﬁ rriél SW of an
illustrative extru onf i c i n odi ment s
described. In oné"6r" o “%"8%q£ ﬁgg?g% ?%8‘@%% §F9ﬁ§9gﬂgoetﬁa? 'd 120 can be
directly coupled1mmwwhemnﬁawnorﬁtk@$amea)kmwbﬁmﬁﬁmuﬂﬁbﬁwtheré@ﬁm In one or
mor e enmbodi Ment S, (eLRIE nhontR gac@%& {h!:'gﬁﬁﬁ },?1912%9 pRRedkd fthyiycoupl ed or
otherwi se attached to the reactor 110 at the first end 120A thereof and
directly coupl ed stfinesi¢ie¥ #'se attached to the flash drum 130 at a second
end 120B thereof. Accordingly, the reactor effluent stream 115 can exit the
reactor 110 and c@es] ble odd srewtrd ymbodinviesy ¢ stuhy dughility henpeseturaisl etricadt20 and

di scharged to an SKJH &lm (Qzlglloﬁc &BfﬂolpémgoﬁﬁqcﬁtL Q%ltg&l'fﬁgta%r%gr tcx‘ﬁll)ctrmygh not

shown, the extruder 120 can be directly nount to the reactor 110 and/or
the flash drum 130°9i%°GRebet %b?ehb%FPbRWF§FﬁW§mPB’gﬁébﬁﬁﬁﬂﬁ@éwtherwm
movenment of the @éﬁﬁ[ﬂéﬂd@hs L&Qu -45°A.Qr abo[i00BG]L 1hn®BEmOk emascﬁmammm ments, the

first end 120A of, the er 120 can.be dire QuUp hermﬁse

Lt fached to-an oL FEbS iETiRoptRnass adt Bbed ot EREPS, HrafE ol ook

val ves (two are showg)of2idAo0T14B Candbe di sposed al ong t he reactor

ef fl uent stream 115, between the reactor nozzle ill and the first end 130A
of the extruder 148y HifuONGepRis Mﬁ;ﬂiﬁ@m&didﬁ@ﬂﬁﬁm [ﬁlyfﬂéﬁﬁ)@rbufy@hbfuﬁrm ng a
fluid tight seal ‘E ch as.a rotatlngf? & 3@ |cte in Figure 2, can
be di sposed bet wdEh®f BRI ™HHVE ERYMY TS yzﬁﬁ) ?%?é??ﬂlmgilnd 116 can
be used with theebb@idhkentsakscagsed]l MARst fdctidBeao] Obdogtgiking i ¢1h®reﬁ¢dlqﬁent stream
115 between the reachor a&lﬁse@&% ﬁegﬁbtmrgd&awsnag onm?rawbé RGk&skant he reactor
110 can be |solate romthe extruder hat cl eani ng or ot her

mai Nt enance oper &CNGHE ewrbeiendek vk psdonipeTh diltene srrtaiRPH BT AlgMEE ot her wi se
di srupting the extrty@ahinlead0.or iRk BXHIRLEs 1bhe Fr@a&wﬁlx&g{@dnﬁamob@ cl eaned
with one or nore suitable §?Ivent%_ o renpve unrfnte r ubber. ﬂ% osits

wi t hout al | owi ng"PHE® SEFULAT (LY Bhtso IR Rl h%]‘@‘?onf?* mB‘PO flash tank
130. [0036] Duri mgnaypes atd Ohentdhen dx prewtlidied 2@ dns opmerk dealskghanprisnt ai ned at
a temperature abyg ffifoa) hubd Yod BRkEBlild £Y 1! SEBERAL Wbk Q @0glgEer at e the
pol ymer particle For ex he polynmer slurry inside the extruder can
have a tenperat uﬁtéea@f%fcmém%@mm MYECHRpS AN cAdPEERE i 1GIBAH t he

conposi tion of t E]lﬁi/dﬂls{otbﬁnﬁ o oldinbid @IAtmsbl 6@ Ntord LEbm%rI@d thhéﬂéﬁteoxem@dl ment s,
t he pol yner sl urg% ? tenperature o 6C to abbout -50C. In

one or nore enbo 1%%8°b®?§ﬁ@vx%?ﬂ?‘§‘ﬁggﬁ Sl H%@ngﬁ &P5Y from about
-86C to about -60C [0037] In one or nore enbodi nents, the slurry within
the extruder 120 is nmaintained at a tenperature above the slurry
instability tenperature. As nentioned above, the slurry instability
tenperature is the tenperature above which a slun-y is unstable,

aggl onerates into macroscopically | arge masses and can no | onger be
suspended or re-suspended in the diluent or diluent blend. Preferably, the
slurry tenperature is maintained at |east 1C, 2C, 3C, 4C, 5C, or about 10C
above the slurry instability tenperature. [0038] To control tenperature

Wi thin the extruder 120, one or nore steamlines 40 can be arranged or

ot herwi se | ocated about the extruder 120. For exanple, the



extruder 120 can have three or nore steamlines 40A, 40B, 40Cin fluid
comuni cation with the extruder 120. Each steam |ine 40A, 40B, 40C can be
influd conmﬁgiﬁg}ggq with one or nore zones (not shown) of the extruder
120. The extrUdér 120"can have any nunber of zones, incltdf’""6RE™ t wo,
three, four, five, six, seven, or eight zones, dependlng on the size and

| ength of the extruder barrel. [0039] In one or nore enbodi nents, the
extruder 120 can be built in sections, each section having one or nore
zones, to facilitate manufacture, and cah be assenbled into one unit. In
one or nore enbodi nents, the extruder 120 can include an interneshing
co-rotating pair f screms di sposed within the barrel and a drive unit for
rotating the screW HHFggﬁb%nTme@&ﬁﬁmgﬁ%éﬁl8&h“?ﬁ&?ﬁﬂé7%n@26$mﬁbre
channel s and a sedntediig th ieghatr$10. The set of flights can be pitched to permt
di spl acenent of the rubber slurry through the extruder 120 and can be

spaced to pernit Jm@rﬁssae% 9o tRSDShPELY. e ahdbs Jop@gumhghsu\{thtﬁggy ty rubber
phase is conveyed forward while the | ow viscosity liquid reacti on medi um

can | eak back t hriSlygriterke @@P@WS&%&H%F gubbqryy Iiypps %ﬁnorw@oe%*aauﬂr?ent s, the
set of flights catucioncluda lﬂcllfdbl’aScIcntZdnnertlcﬂ am« mbc tuieuddbd ght&cake spaced
apart to accommda\tvqeof% orluell f’iEcs ;hcyrc ?or?%l bc m1 e a x1a'| HOUI dun{ c?i:%{ch gtn medi um
passi ng through the extruder 1 =) ﬁonﬁ'}% ext Fiide owar ds t he
second end 120B Uhéﬁ@@ﬁOfmhéM§@deﬁ1@ku@h&ﬁmoamﬂmﬂdmudemat@@edﬁd zone in
whi ch the flight Sca@fo?lﬁp@aﬁ%ﬂo%c%@ﬁJatcf?cg@lkﬂﬁ!@d mszﬁ,omen&ﬁtainmoflﬂcaht pitch
results in a pressure gradi ent, whij separation_of the liquid

reaction medi um UABSTE GEAum, gy ﬁ&f‘?ﬁ%“r Té%ﬂﬂ‘h?flﬁ’é ‘“rle%fé‘f‘lflbffdﬁ%@i’ﬁ?ﬁe f# the
extruder 120 canabBWEEpamﬁh@die@ﬂ@éﬂhmﬁh@dim@tﬁahﬁ1aku&ﬂm@hmswwmternesh SO
that the tip of OQSnf|Iﬂ:% on, on Hgggugthlc% % “Mhpe%%a a psﬁ)the face of
t he nei ghboring 19 ?ﬁ f% 48 set " Plve Unit can be
used to synchr oanz@m%%e ﬂltcomcwmeuwalbn ORI is dﬁpttbhéwst@r elwgy indgbititye screws
rotate, at a par ttéMJa%Kc xRl aARS Elbrglnuscg hQn\anlO'Pgncﬁl&tcfng&lnﬁdﬂsewaat es
between the first and second sets of flight The self-w ping action of the
i nt er meshed co- réPQPPﬁﬁmsd?@ﬁkm%%ﬂ“ﬁﬁ%W@ﬁ@ FWHBEVmWFdWﬁsPN@%HhﬁwtO sur f aces
i nsi de t he extr udrry ¥2kin the kactebydpiaveationgtpt ¢hgge gndh Ushai1exior uder. An
illustrative -12- extruder configuration and additional extruder details
are described w t[dﬂ%? %nﬁfé%d'ct‘ala; 19O%h Mem%ggd%{ pl%%&%gﬁinf‘ldt ledst[p&ﬁlt;'o;x I'n
operation, rubber slurry can be discharged fromthe reactor 110 via the
react or effluent°§ﬁFé§WWT1§mQh6W@EHVé9éH‘%%Wﬁﬁéﬁoﬁﬁ%obﬁpﬁhﬂ@WWTzo The
fluid, edg : ﬁl I lslj&fb'&nsam(ﬁi swhra@aﬁ'tzegﬁi;dﬁﬂgﬂﬁfrﬂé $n il ehhfudidagorexdiit bhd:ecﬁOlZO can be
separated within t an ctor 110 via one
or nore streans f@ﬁg% mﬁ?g{JﬁeFﬂﬁfﬁﬁégﬁﬁﬁﬁ?gé%mgﬁy ﬂ?ﬁagﬂ%agpnnnre zones
of the extruder k@@umThbdfku1dmmé:@owmdlbméwm andcterhmeagted caaysoner s, can
be vol atilized OlinltglhpedlMIS(ﬁuél@p’%ngcﬁgl Efﬁﬁ)em \ttltéﬁn ﬁ)pjl AN TS 1n§LllHé’drt¥ kééﬁ' ng
mechani cal energy fromthe extruder 120 or the thermal energy (i.e. heat)
supplied to the &@gPpliigerherspatycappRErcsHEcioR (RIPVEISIEEHRT | i nes (three are
shown 40A, 40B, 40C). The polynmer and residual |iquid reaction nmedi um which
conti nue t hroughpfie lextcrandere ciR0diperen tha adricyntiegacti és stlle infthaswtdrank 130 and
contacts hot wat g, af Lo At koamleftotdﬂegréaleemntenlfoy;t?»ohmg §URGY the

di l uent and residual nononers are vaporized he vapori ze uent and
nmonomner (s) can bémﬂﬁéﬁﬁmoﬁﬁC%F“F%@mﬂﬂagﬁhﬂéﬂwIEQHWWmeﬁH€“@VéFh@ad stream
135. [ 00;1_2] I'n Op@sch iDL EcR D QGIARN LS grodtcS @GOME X% I UHesne 1dBmord ugh as an

i nternmeshing counter-rotating tw.n screw.e uder ose
approxi mat e t he fm¥§¥mmﬁd&T?%ﬁW8F°?ﬂ%O%%@%%ﬁ@?“%ﬁBm“% %ﬁmégg %ﬁg a first
zone thereof. Anfrph|l(gt H0atol%.elniont ermes bkinbnginpounhesonccotraivon niotidsiim scr ew
extruder is the Meqéacﬂ Lk, S UAS o oL OMATY V&b Bl ENGhNGELS. ! no
(Massillon, Chio, USA). The counter-rotating twn screM/extrud 128 can
have narrow cl ea?%h?é’é@’tbélée\ﬁééfﬁmfdﬁé“ feplehd Bngadyseioey st 111 iawﬁz s of the
screws and the barrel so that |low viscosity liquid can pass through, but

not rubber. The rubber is thereby retained within extruder 120, and the
separated |liquid reaction nmediumcan be discharged or recycled to the
reactor 110 or the flash tank 130 via stream 122. [00431 Figure 3 depicts a
partial, enlarged schematic view of another illustrative extruder
configuration according to one or nore enbodi nents descri bed. As depicted,
at least a portion of the extruder 120 can be di sposed through the flash
tank 130. As described above, the extruder 120 can include an interneshing
co-



-13- rotating pair of screws disposed within the barrel and a drive unit
127 for rotating the screws. The extruder 120 can also include an aperture
123 forned |n the bottom of the barrel to allow the rubber slurry to drop
directly into"PRE®PES? of hot water within the flash taﬁﬁ“f§ﬁmmb¥é?erably,
the aperture 123 is |ocated about the mddle of the flash tank 130. To
prevent rubber slurry from passing by the aperture 123, the screws can
include a set of reverse flights (not shown) beyond the aperture 123. The
reverse flights can be pitched to push r&bber slurry back in the extruder
120 and out through the aperture 123. [0044] Still referring to Figure 3,
the extruder 120 can have additional steam|ines 40D, 40E in fluid

communi cation t hef @4 R 7Eeoltn dn eecsmyreintodines gr coreantatanrqadios 120, As
depicted, the Seaﬁdﬁfbaﬁmdefﬂl%ﬁﬁtﬁﬁmtlhl&?uﬁgdsl‘ﬂ‘lﬂe% 2 g%l oeainedr adrean oOpposite
side of the fl aSh (511 6%391 I.& cg'nttrdt\{o%o g)oht hlg t}}celgd%ttm %Huent s%red f5 rctl he extruder
120. The steam |ines X () St provi de tenp ure con roll%o t he second
end 120B of the exmr4ider04d®0. t o prevent plugglng thereln The second end
120B of the extruder 120 can al so have one or nore fluids outlet streans
122 in fluid corrrmm]camei @8 of Rt @it thnkk @3d1eh|@cpaiatchha xbwcﬁeﬁmératsmm of the
rubber slurry. qgcm{m "th x[n) f%rlrlst g'n r regm 5 an(gd r%llm sl'“ t%Hl F TONOMEr S
and/ or conononers &an Iméiude P nore 8 Al Terrns,

di substituted oIemrnsmmwgmbMEﬁwMSmC@@WﬂagaB@dmdu@nesmlnbmnM@MJugated

di enes, styreni cs.RRELR 1a§gﬁbﬁf¥dn¥ 5&@% a‘EBMﬁ% Rl B0EE Bhdibus§iRESHy The
styreni cs can be substituted (o he ring) with an al kyl, "aryl, hallde or

al koxi de group. Pri&éreraBip a“fj’ﬁeh??ﬁ\‘?éﬁ“rela Fanbé?mhrbth]é‘}‘ R ﬁf%oﬁ?s et o 20

carbon atons, noréudr akenakky ndnder YhilUerutyTaIbBer firef e talb yludy hehed car bon

at ons. Exanples of(preferred ol efins include styrene, para-alkyl styrene,

par a- nethylstyrene al pha- net hyl styrene, divinyl benzene,

di i sopropenyl benzene, |sobutylenc 2-met hyl - | but ene, 3-net hyl- 1-but ene,

2- et hy1- 2- pent en®29 | Bisspaaraubbei sy cainbe Paselogn gk Ipge stigpendipns K ene,

[ bet a] - | pi nene, ma&&ﬁ%@n 3(ﬁto@e'ndivh a&tlbwl ﬂﬁlwkrme:ﬂe,mﬁﬁe%a[db eﬁdbem n@%&klﬁ@lpent ad: ene,h

pi peryl ene, nethyl vi t her et her, an obut vi nyl et her

and the like. - H“IF%ﬁﬁg ﬁ%mérm ‘Wmh %“8ﬁ€P§d8%‘e“ ? V¥ $&d. For

exanple, two or nnnedﬁbﬂoners can be used to produce a block copolyner.

Preferred bl ock copol yners include copolymers of styrenics, such as

styrene, para- metdayh Stoy reeaiple, aehéhfﬁaﬁmbm%& S‘ﬁlﬂléleﬁ@aratad\dlo@thﬁ Ovatedbydi ol ef i ns,

such as isoprene, butadlenﬁ i Iige.(f rt%c é re&erred nononer

conbi nat i ons i nclFHUEE <Lt @W@ Ekdﬁﬁmbé aﬁ% i %RyVeﬁ‘@yaﬁ ¢ 45but yl ene

and i soprene, as waelihg easudworﬂjpodlymg&tmﬂeril%\bmqnhen@“the[laﬁﬂmg\'ﬂie nmononer s

can be present i nufGoREkYIGE leald A HRLLUT: mgenleﬁaapw?&pmrq@e@gjbna from 75
w%to 0.01 w% in one enbodi nment om40 % to

o. 2 W% or 30 t&obesxijedas inp 327(9@&’%0{06‘ GUBb\RI%a”bF‘G%i‘??df‘(fnP BRreBuglt % to 1 w %

in one or nore enkRdiWNRANLS: bebORABY ubhdar pfaemenbmd&rﬁmman bbubardd pekyners can be

prepared by reacting.a conon ture I Xxture hayi t least (1) a
01T b 1 Sool of T HRATEY B SatisSSbbibda B A% Bpd,
mul tiolefin, or cmnﬁugmﬂedtﬁuemewnnnMHemm@owmwﬂemtmeﬁekhemmmemﬁn can range

from70 to 99.5 Wby, weight of the total comonomer mxture or froma85 to
99.5 wt% In yet another embodinment, the isoolefin can the range of 92 to

99.5 wt % The con ene_C onent i n ane enbo resent in

t he conpnoner @ﬁ?gﬁf’%&fﬁ)@’ @8%%B§a‘§§t g0 ipd SHRPeL i ﬁg‘fﬁ‘hea‘g “fromi15 to
0.5 W% in one enhmdmnamtwslnmyeUmaMeiherommmodmﬁemm@hmmnnﬂﬁ\mmno 5 wt % of
Lhe compnomer M Skl SnbORHARLEY.dhelGn el 046055 9801 gD can be
one or nore of isobutene f tene

2- et hyl - 2- but en@1® @neog-dies hiy)- %ndpeﬁtleheﬂhlrm@vq‘mm dﬁ?ef |Th° @sﬁ*ﬁcﬁe a C4to
Ct 4 conjugat ed digREncsUGH basdded PMEDRM DULAE e 1 h3-rEhcidB foydicd , 3-
but adi ene, [beta]-pinene, nyrcene, 6,6- dinethyl-fulvene, hexadienc,

cycl opent adi ene and pi peryl ene. One enbodi ment of the butyl rubber polyner
is obtained by reacting 85 to 99.5 w % of isobutylene with 15 to 0.5 wt%

i soprene, or by reacting 95 to 99.5 wt % i sobutylene with 5.0 % to 0.5 wt %
i soprene in yet another enbodi ment. [00491 Any conbi nati on of nononmers can
be used to produce terpolyners and



tetrapolyners. Preferred terpolyners and tetrapol yners include pol yners
-15- containing isobutylene, isoprene and divinyl benzene, polyners

contai ning isg ene, para-al kyl styrene (preferably paranet hyl styrene)
and i soprene, §8? &@W? cont ai ni ng cycl opent adi ene, |sob5F9F§W%‘Léﬁﬂ

par aal kyl styrene (preferably paranethyl styrene), polynmers of isobutylene
cycl opent adi ene and i soprene, polyners containing cycl opentadi ene,

i sobutyl ene, and nethyl cycl opent adi ene, pol yners contai ni ng i sobutyl ene,
par anet hyl st yrene and cycl opent adi ene. Catal yst [0050] The catal yst can
include any Lewis acid based on netals from Goup 4, 5, 13, 14 and 15 of
the Periodic Table of the El enents, |nclud|ng boron, alum num gallium

i ndi um titani um et BringfR mYE Frbogisen heAilv €Ak ecovgr i 1Bnd bi smut h.
Illustrative cat anysddsd forie|duce! @ lublirdtydRdto the Fda@br 1d@whalnddgequm t ri br om de,
et hyl al um num di chl ori de, ethyl al um num sesqui chl ori de, diethylal um num

chloride, ”Ethy|%&Hﬂ‘@HFMQ{%hRP&EQEnmﬁﬁ%h&kéhé@hﬂH&k%ﬁﬁﬂthQh&kkde
di met hyl al um num chl ori d oron trifluoride, titaniumtetrachloride, etc.

with ethyl ai um nurf @ieh h%?‘ip'(’:fé“‘)&r‘?ﬁthét"h‘?‘rl%?‘lﬁ'??ioﬁﬂ}%(’sceg'ﬁﬁﬁc@ﬁF’BPqntféa‘E‘el ng
preferred. Lew s (ﬁl(ictn@Sfrd:hUGlB cag m@hllawlalwm tROXaNe IMAL)stadd 1 speticf i cal |y

desi gned weakly COOI’dd Cdn gso e 1R pogm Hom thac‘sr alcstgrcglztl?gf?dc%qk al o9 be used.
For nore infor I’TB.tl on reg ardl ng L \XA (?I 88 ? I on processes

see, for exanple1h¢ﬁ@enﬂamﬂmmqmmwmﬁ*pmgmmmhnwb®lﬁp@mﬁh@03ﬁ¢©@®@mand

PCT/ US03/ 40340. aﬂ&k'?&gﬁn EQOSLL: Br 8f atdcRf chilbdil RLAK 518N ucanaR! e of being
conpl exed in a suitab % uent with the chosen Lewis acid to yield a

conpl ex whi ch rapfBISPFeEEt 8PoyF 1R slure gty dentPR@PED 6 i tﬁ@‘eé“‘ﬁr opagat i ng
pol ymer chai n. IkhuﬁMr@kmwelﬁmmtmaUQﬁ&iwnmhud&cﬁmﬂasmeﬂmacnﬁ&ms@ch as Hro,
HC1, RCOOH (mhere an al k [ ) K as
(CH3) 3CCl, OBH5C(GHH ?Wbénggmf2Xéﬁﬁogbgﬁﬂ%mﬁgz@C[%%?ﬁrpm“g?d%%]n Transition
met al conpl exes, pswelngadciretiary Joggemesioanthdcxtudre i 20 to h@dle.

[0033] Any conventional extruder 120 can be used. For screw type extruders, any

number of screws can be used. For example, the one or more extruders 120 each

can have single or twin screws. Preferably, the extruder 120 is a self-cleaning,

fully intermeshing co-rotating twin screw extruder. Illustrative extruders are

commercially available from Werner-Pfleiderer, Berstoff, JSW, and Toshiba.

[0034] Figure 2 depicts a partial, enlarged schematic view of an illustrative
extruder configuration according to one or more embodiments described. In one
or more embodiments, the one or more extruders 120 can be directly coupled to
the reactor 110 at a first end 120A thereof. In one or more embodiments, the one
or more extruders 120 can be directly coupled or otherwise attached to the reactor
110 at the first end 120A thereof and directly coupled or otherwise attached to the
flash drum 130 at a second end 120B thereof. Accordingly, the reactor effluent
stream 115 can exit the reactor 110 and can be directly conveyed through the
extruder 120 and discharged to an inlet nozzle 131 of the flash drum 130,
Although not shown, the extruder 120 can be directly mounted to the reactor 110
and/or the flash drum 130 via one or more bellow joints to accommodate thermal

movement of the extruder 120.



such materials that can act as single site catal yst systens, such as when
activated with weakly coordinating Lewis acids or Lewis acid salts can al so

be used. [0052%) In/ gne or nore enbodi nents, the initiator_can include one
or more of hydP8Y&N i i de, a carboxylic acid, a carboxyFFEAEHQ i de, a

sul fonic acid, an alcohol, a phenol, a tertiary alkyl halide, a tertiary
ar al kyl halide, a tertiary al kyl ester, a tertiary aral kyl ester, a
tertiary alkyl ether, a tertiary aral kyl ether, alkyl halide, aryl halide,
al kyl aryl halide, and aryl al kyl aci d hal rid#e. [0053] As one skilled in the
art will recognize the aforenmentioned |isti ng of i nitiator(s) is not
exhaustive and is provided for illustration. nore | nformation
regarding initi at[ﬁ’lgi] I opgyon e bty dig fint Wég%gfth%eégudef 50 ces%npl e,

| nt er nat i onal Appjule@atcb@ﬂbdl‘d@sme@(s?&Ztaa&alt&ﬂ%aetalﬁlemﬂ' ot JB0 246314 0..
Yoo oca DO pr ol s g L8 AR SR FO 8
used herein refers to saturated ated co NA&™Eons 1%
essentially of hyehcwggfﬁucnt@p@@hwalwdmﬂl thordagier nomool\}ildleUthﬁTatcndaﬁOI’\east one

carbon, at |east ppg LWALOGEN AR oﬁﬁloxlc%ﬁ%dn{?dlﬁ Ihl:&%el RE rdhfgRGRENt . I n at
| east one specific enbodi nent, the or nore hydrofl| uor ocar bons can be

represented by t HBM 6slmyphas "C)?H?’Fg7bh"9\ﬁé§‘ & frpigteq & %ﬁ”‘i’ hteyes diskossh 1 to 40,
or from1l to 30, vefwea @nblock @al\%@,llém’ 1f4[BOrTﬂ113.1dtﬂm§.01,merl6 tamudedtvath6, or from

2 to 20 or from ‘?fhe lgoc:lzoalves 114]&0{?4% %lock g?l efﬁ)r I‘6111113|1¥5 ft[v(\?een 1t0 3,
wherein y and z are i nteger °least o 1[66 §1

| I | ustrativehydr afdcaoti@cad ﬁﬂ@ﬁ’golé‘ﬂllﬁQﬂ Wdiefblmwbr‘ﬂetmemleﬂo celi el igptatadnet hane;
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[0036] During operation, the extruder 120 is preferably maintained at a
temperature above the slurry instability temperature to agglomerate the polymer
particles. For example, the polymer slurry inside the extruder can have a
temperature of from about -86°C to about -40°C depending on the composition of
the diluent or diluent blend. In one or more embodiments, the polymer slurry has
a temperature of from about -86°C to about -50°C. In one or more embodiments,

the polymer slurry has a temperature of from about -86°C to about -60°C.,

[0037] In one or more embodiments, the slurry within the extruder 120 is
maintained at a temperature above the slurry instability temperature. As
mentioned above, the slurry instability temperature is the temperature above
which a slurry is unstable, agglomerates into macroscopically large masses and
can no longer be suspended or re-suspended in the diluent or diluent blend.
Preferably, the slurry temperature is maintained at least 1°C, 2°C, 3°C, 4°C, 5°C,

or about 10°C above the slurry instability temperature,

[0038] To control temperature within the extruder 120, one or more steam lines

40 can be arranged or otherwise located about the extruder 120. For example, the
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trifluoro-1-butene; 1,3,3-trifluoro-1-butene; 1,3,4- trifluoro-I|-butene;
1,4,4- trifluoro-1-butene; 2,3,3 -trifluoro-I-butene; 2,3, 4-

[ -1 - ne: 2,4 4- trifluoro-I-butene;
trifluoro-| bv%ez()os/130763 PCT/US2008/057535

-12-

extruder configuration and additional extruder details are described within US

Publication No. 20050187366 Al.

[0041] In operation, rubber slurry can be discharged from the reactor 110 via the
reactor effluent stream 115 and conveyed through the extruder 120. The fluid,
¢.g., diluent and unreacted monomers, within the extruder 120 can be separated
within the extruder 120 and recycled to the reactor 110 via one or more streams
122 that are in fluid communication with one or more zones of the extruder 120.
The fluid, c.g., diluent and unreacted monomers, can be volatilized or otherwisc
separated from the polymer slurry using mechanical energy from the extruder 120
or the thermal energy (i.e. heat) supplied to the extruder 120 via the one or more
stcam lines (three arc shown 40A, 40B, 40C). The polymer and residual liquid
reaction medium which continue through the extruder 120 eventually reaches the
flash tank 130 and contacts hot water at the bottom of the flash tank 130
whereupon the diluent and residual monomers are vaporized. The vaporized
diluent and monomer(s) can be drawn out of the flash tank 130 via the overhead

stream 135.

[0042] In one or more embodiments, a second extruder 128, such as an
intermeshing counter-rotating twin screw extruder, can be disposed approximate
the first end 120A of the extruder 120, such as along a first zone thereof. An
illustrative intermeshing counter-rotating twin screw extruder is the Mech Filt™
extruder from NFM/Welding Engincers Inc (Massillon, Ohio, USA). The
counter-rotating twin screw extruder 128 can have narrow clearances between the
screws and between the flights of the screws and the barrel so that low viscosity
liquid can pass through, but not rubber. The rubber is thereby retained within
extruder 120, and the separated liquid reaction medium can be discharged or

recycled to the reactor 110 or the flash tank 130 via stream 122.

[0043] Figurc 3 depicts a partial, enlarged schematic view of another illustrative
extruder configuration according to onc or morc cmbodiments described. As
depicted, at least a portion of the extruder 120 can be disposed through the flash

tank 130. As described above, the extruder 120 can include an intermeshing co-
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.4, 4-tetrafl uorol- butene/ 1,2, 3 3 tetrafl uoro-1 -butene;
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,2,4,4,4- heptafluoro-2-butene; and m xtures thereof and i ncl udi ng nlxtures

of saturated HFCMONBYY CPHEWwNSHEWEEOBO57] I n one or nore embodi nents, the
di luent is or includes non-perfluorinated conmpounds. Perfl uorinated
conpounds i ncl ud@e4sh ceeabiompomad sndansmsidmg caf include one or more olefins,

alpha-olefins, disubstituted olefins, isoolefins, conjugated dienes, non-conjugated
dienes, styrenics and/or substituted styrenics and vinyl ethers. The styrenics can
be substituted (on the ring) with an alkyl, aryl, halide or alkoxide group.
Preferably, the monomer or comonomer contains 2 to 20 carbon atoms, more
preferably 2 to 9, even more preferably 3 to 9 carbon atoms., Examples of
preferred olefing include styrene, para-alkylstyrene, para- methylstyrene, alpha-
methyl styrene, divinylbenzene, diisopropenylbenzene, isobutylene, 2-methyl-1-
butene, 3-methyl-l-butene, 2-methyl-2-pentene, isoprene, butadiene, 2,3-dimethyl-
1,3-butadiene, [beta]-pinene, myrcene, 6,6-dimcthyl-fulvene, hexadiene,
cyclopentadiene, piperylenc, methyl vinyl cther, cthyl vinyl ecther, and isobutyl

vinyl ether and the like.



carbon and fluorine. However, in one or nore enbodi ments, when the dil uent
is a -20- blend, the bIend can include perfluorinated conpounds,
preferably, the cat al nmononer, and diluent are present in a_si

phase or the &P SPEHA |oned conponents are niscibl e mntﬁcpﬁgmﬂvfﬁﬁﬁt as
described in further detail below. [00581 In one or nore enbodi nents, one
or nore HFC s can be used in conbination with another diluent or nixtures
of diluents. Illustrative diluents include hydrocarbons, especially hexanes
and hept anes, hal ogenat ed hydrocar bons, -ldspeci ally chl ori nated hydrocar bons
and the like. Specific exanples include but are not limted to propane,

i sobut anc, pentane, nethycycl opentane, isohexane, 2- nethyl pentane,

3- nethylpentane [%”ﬂnEW%VWBﬁﬁdﬁﬁom?‘QMH#WHﬁﬂﬁ?ibE@dﬁ@mﬂ?tgooﬂﬁﬁ@thylbutane
2- msél hyl hﬁx?ne 3nonam1hyddllﬂe9éaﬁbed t3 pr@cmkallapm&aa@olyamz dwatehytblp&nt ane,

2, 3-di et hy pent ane,

2- et hyl hept anc, c§pd e;{t]ﬁdrﬁ 1hch)1(<f§ ﬁ%pop)%leg 0? &Iylﬁ%%qhwclﬁds st rene }ﬁrajﬁetlg/?styrene
trinethylpentaneakmenaﬁﬂﬁwhapmwnétoBmﬂ@hémssmhawsmﬂmeﬁm@mem mdfene, decane,
dodecane, undecang. RexaRRy pELVhoRYE! QRERANE: QY& QBEPRANG, p&Y.C! Obut ane,
cycl opent ane, nethylcyclopentane 1, 1- dinethyl cycopentane, cis 1, 2-

di met hyl cycl opent™H] Syfeag sand pisobotyleps pdy KgATAg o pelheafemoropaRs- of1 | 3-

di net hyl cycl opentiaBayle®t hyl cycl opent ane, cycl ohexane, nethylcyclohexane,
benzene, toluene, xylene, ortho-xylene, paraxylene, neta-xylene, and the
hal ogenated versigns Af; @hbm@{ cah BEHRRAME 1he RHSHELARN Yuckil i¢1H LAt ed
versions of the above, nore referably fluorinated versions of all of the
above. Broni nat ed™y#eSars Y6r ¢ HBl HhoRenapabodingt:. ois@rife. o padierorc exanpl es
i ncl ude, net hyl q}a,hmomd% to B &Y | 2 B@ o \Qt% deowet ayl.s €, oF ind @ompisopy |

chl oride, butyl CQLQ * 8 chl orofo%ggg tthe i ke. [0059] In one or nore
embodi ment's, non-1&ast PV S eiHE CRRYBE Yised as diluents in conbination
with HFC s. Exanples include, but are not limted to, ethylene, propylene,
and the |ike. [0088] nrongtembedientoRuyls plenes cae it PRy FHEIHEC can be
used with a chl ocbhabee rﬁyldfeol‘ﬁ@-ﬁlbdﬁﬂe EaUﬁaQ a@lGast VRS W to clglis@nmenon&dal tional
enbodi nents i ncl ude u5|n xanes or net hyl

chloride and hex&R&¥ReHH Bﬁ”“%Pw%bW@(éﬁﬁﬁﬁf%gﬂfgcmWng e CER be used in
combi nation - 21<componént.ofiie iemwlefnre gas domi Mee £9.3 ot he wpightyfitkitedt i on such
as carbon di oxi de,, Rtk Og& e (k}nyﬁlPQse{% 99%r\gt‘5°/1 Inn}%Pa 8thréxeled166ﬁ}mel§tr yRpton, zenon,

and/ or other inert gases that are preferab at entry to the
reactor. Pref err &olgfisesthy fragqf? @&Péoﬁ%dﬂwmawﬁéllﬁlt?rwﬁmnﬁlagbwe

embodiment is present in the comonomer mixture from 30 to 0.5 wt% in one

embodiment, and from 15 to 0.5 wt% in one embodiment. In yet another
embodiment, from 8 to 0.5 wt% of the comonomer mixture is conjugated diene.
The C4 to Ce isoolefin can be one or more of isobutene, 2-methyl-1-butene, 3 -
methyl- 1-butene, 2-methyl-2-butene, and 4-methyl-l-pentene. The multiolefin
can be a C4 to Ci4 conjugated diene such as isoprene, butadiene, 2,3-dimethyl-1,3-
butadiene, [betal-pinene, myrcene, 6,6- dimethyl-fulvene, hexadiene,
cyclopentadiene and piperylene. One embodiment of the buty! rubber polymer is
obtained by reacting 85 to 99.5 wt% of isobutylene with 15 to 0.5 wt% isoprene,
or by reacting 95 to 99.5 wt% isobutylene with 5.0 wt% to 0.5 wt% isoprene in

yet another embodiment.

[0049] Any combination of monomers can be used to produce terpolymers and

tetrapolymers.  Preferred terpolymers and tetrapolymers include polymers



[0061] In one or nore enbodi nents, the HFC s can be used in conbination
with one or nore nitrated al kanes, including C1 to C40 nitrated |inear,
cyclic or branshed_alkanes. IIIustratlve nitrated al kanes_include, but arc
not limted to. Z%P@?%ﬁethanc, ni t r oet hane, nltropropanePCﬂ/?@@%ﬁfﬁﬁe

ni tropent ane, nitrohexane, nitroheptane, nitrooctane, nitrodecane,

ni trononane, nitrododecane, nitroundecane, n it rocycl o nethane,

ni trocycl oet hane, nitrocycl opropane, nitrocycl obutane, nitrocycl opentane,

ni trocycl ohexane, nitrocycl oheptane, nittocycl ooctanc, nitrocycl odecanc,

ni trocycl ononane, nitrocycl ododecane, nitrocycloundecane, nitrobenzene, and
the di- and tri- nitro versions of the above. A preferred enbodinent is
HFC s bl ended wi tWUAPYE ofUHERR. SPORIS 2P T INMbenzE%n RO MSRe SEHANE 1 to 100
vol une % based upamuwha:uﬁmaMyu@kmaﬁpm&mbbepﬁmhugnm@mn@raheﬁm@a@ 5 and 100
volume % or between 10 an v % glee and %00 vol ume %
or between 20 an&mﬁaﬁm Cfmanm%bqwom%e]ﬂgéluﬁgy nd 1 OpmuTﬁl "% "0r bet ween
30 and 100 vol ungp®jerablyr papyetctiglesiy88), ared me 6 (of viesbutsiendgycpentydicoeeent 40 and 100

volune % or bet Vﬁ%ﬂané"S p@merg-og)lﬁém ”%yc%pm%dléa@t %@lﬂylég adlﬁ %Q@ 1VO| une %
or between 55 and 100 val unme % or between 60 and 100 vol une %  or between

65 and 100 vol uneY9Y§rerdigfiss \ROBHCRF0 i Doy i DaaBEETREe 75 and 100
vol ume % or bet weampe8Rdiard 100 vol une % or between 85 and 100 vol une %
or between 90 and 100 volune % or between 95 and 100 volume % or between
97 and 100 vol umeQ4y0r between 98 and 100 volume % and or between 99 and
100 volunme % In one or nore enbodi nents, the HFC can be bl ended wth one
or nore chlorinat droc e.or e HFC can
be sel ect ed fronﬂ@%@ lFﬁﬁma“ %§9§Cka@'ﬁW%ﬁWHu%§8%%¥ﬁpﬁ8mq%mmﬁlEoronethane,
1,1- difIuoroethaﬁéamei110fm¢P¢bmoﬁdéiﬁahéﬂmamd thelddidg Rrdnedlvraihiimuor oet hane
and m xt ures therg%ﬂfxm 1nd1%gl tltakQI{%G%JrcolnﬁmOQﬁ ngnam{l dl@umoqmm?d“/sandt he di | uent
or diluent mixture can be Selected based upon its sol ubjl in the

pol yner. Cert ai n b§iient Slugraves gpiabte wﬁu%ehéhwuy’né?chlqnﬂ%f é PEYMdi | uent s
have little to naiwehidli | bhylaliminkdhe mpoliymer . e&@ialﬂbﬂiduhlt y czbsf]uﬁ:ﬂ"f@ld@m ymer is
measur ed by fornl dpnupnlygglmlntgt ILI|n10fd¥ o nessth 4meen 50 and 100
mi crons, then sodking It T&nt " EnoUgR"™ o 503er t B8 YT ™For 4 hours
at -75 C. The flhﬂnméﬂménnwémamﬂdmnmme dh&u@ntbmemp@§bun®m tivoimmt enper at ur e
for 90 seconds t%ﬂﬁ&@ﬂﬂéakﬁ:e&&ﬁs%ﬂghmHﬁﬂ&afﬁﬁm&hﬁecﬁyr AGRIRAfuhhe film
and wei ghed. The nmass uptake is defined as the percentage increase in the
filmweight afteﬁﬁgﬁﬁWFﬁﬁbmm%@e%m$béﬁW“deﬁﬂW%éﬂ?mﬁﬂ&WHW§“F§N€ﬁBsen so t hat
the pol ynmer has and®s&fidapd ads@n@;fwddagam&@m@mh%awbe&haﬂaiows)g ess than 3

wt% preferably I th eferab % . nor e
preferably less t % d“% ﬁ%@nmf Moﬂlgﬁéng eﬁgﬁm%éﬁ%B VW%HWgP t he

di | uent or dil uemtoceriextsen, éor @mpbelnmiaemale@ppéwhn NbaPCT/RHE0HPadnce bet ween
the neasured gl asgriyspfsispon tenperature (Tg) of the polynmer with |ess
than 0.1 wt % of any diluent, unreacted nononers and additives is within 15C
of the Tg of theroI mer neasured after it has been fornmed into a film of

t hi ckness bet ween ‘and 100 microns, that has been soaked in dil uent
(enough to cover the film for 4 hours at -75 C. The glass transition
tenperature is déPdr e Byiws pecanbic Al dyrarmmipigecal otk ¢l DSC) .

Techni ques are Wlith thdesséd 1RG4 akid td N b bdn@IR WAL ,rapfd(l}rre@i@aﬂmlﬂ%olcan

Winderlich, "The Nature of the dass Transjtio its. Deter ation by
Ther mal  Anal ysi Sehh 'Sl ghABREGE RHanahes " THRRSIE AT ETP 1940 R
J. Seyler, Ed. AnmﬁmtaanmmueﬂyOfﬂﬁlFégmﬂhgmand}%hUemualgomthhadelphia,
1994, pp. 17- 31 almehaﬁlgpl é?;cﬁ Saspr(@fﬁ)% %%H@éﬁr)léiegncﬁb@\éﬁomw ed

i mredi ately after soa into a mai ntai néd at a

t enperature bel onCQ’@h?CQﬁWF) ITlﬁlﬁﬁ‘f@ﬁiné‘tab@ylpk‘iéCfboWéh phiactpdeeiee aadiotedent .
Preferably the Tg values are within 12C of each other, preferably within
11C of each other, preferably within 10C of each other, preferably within
9C of each other, preferably within 8C of each other, preferably within 7C
of each other, preferably wthin 6C of each other, preferably within 5C of
each other, preferably within 4C of each other, preferably within 3C of
each other, preferably within 2C of each other, or preferably within 1C of
each other. -23- APPLI CATIONS [00651 The pol yners descri bed provide

chem cal and physical characteristics that make them highly useful in a
variety of applications. For exanple, the polynmers can be used as

adhesi ves, caul ks, seal ants, and gl azi ng conpounds. The polyners are al so
useful as plasticizers in rubber fornulations with butyl, SBR, and natural
rubber. The polyners are also widely enployed in |ubricants as dispersants
and |n pottlng and electrlcal cable f||||ng naterlals In certaln

I 1 o, o M I 1 S ' N 1 . I B 1 o -



[ 0066] The pol ynmers described can al so be bl ended with one or nore other

pol ynmers. For exanple, the polyners described can be bl ended with one or
nor e thernDpIastlc resins including high-density polyeth Iene and |sotact|c
pol ypr opyl ene"P& %M Hase strength of the pol yol efin. TREVHH

described can al so be bl ended with polyam des to produce ot her |ndustr|al
applications. [0067] Referring again to Figure 1, fresh nononer feeds (i.e
i sobutyl ene and isoprene) via streans 10, 15 are conbined in the storage
drum 100 together with recycled nateriat®-fromthe tower 162. The storage
drum 100 operates at close to anmbient tenperature. The m xed feed steam 105
is transported fromthe storage drum 100 to the feed cool ers 106, 108 where
the nixed feed i SUBLBHEHISE! BEI6HIs ABYEEIC OISt SEHEEHURASAGR FCiFR¥Y vi a
stream 20 i s addeghhtvakifeootlfinatglihisakiang Davlks Acid eayehedo padser i al s from t ower
162 via stream 164. That m xed stream 164 exits the storage drum 167,

cooled wthin Co%ﬁﬁsm%% %70% eftiindefd hOirkifr LEAGLIAL (ﬁnth)'r s bi n react or

305, polynerization takes place at a tenperature norna - mai nt ai ned
in a range from dbéigsen-gike, %éﬂaﬁﬁwimm@8€?5yy%’%5UPP%@d§V§P@ﬁ*H{WHizing t he
evaporation of |idpshal £5ydi enerary [aﬁl@l@ﬁhchMQhﬁl’y aszukg,n wldpraqduaadlkghuri ng

pol yneri zati on eX|ts t he rea@Hor as I ctor ? ab{eap1ﬁ15 The
rubber slurry froistrea & y‘??e?@“?ﬁ%a CPlad “%ﬁba H §" &hveyed to
the flash tank 13@mwm%ﬂthhLm@haxhﬂudemi&ﬁ@kw&hﬂmmubber phase of the rubber
slurry is separated by expression fromthe |liquid reaction nmedium The
separated |iquid s eas birCikaet Ny ltheCd Qi ebeoddizk La&nafmbm@ﬂdncandmgnmeact ed

i sobutyl ene and |so§ ?Eewnnnqge ca be dlég {I %% to the reactor
110 via stream 122"gP S dh™f G LY SsRBYYS tOBﬁ‘ﬁ% CBSS™G via stream
135. The separatedbmmqmidsn@mvaﬁm@dhdndm&menmwnmameba %adyn@%dﬂbo t he
reactor 110 via rgeyslfy Shhiraih 1e2:rcRARS LI 11604 ubigui d react i on
medi um via stream 125 results 1 n [ess energy consunmed to cool the nononer
feed (i.e. strea 05& to.the reactor 110. [0069] The at |east partially
separ at ed rubber JoCEASbe further separated within the flash tank 130.
Wthin the flash tank 130, residual diluent and nononers are flashed from
the rubber by hoti00gtht Bie term “hydrefiseeaban o FEE's sbHEE) 50604 brramseferpiol uent  and

nononer vapors argulbfedds PRhiA’d thh R o%heﬁsaagrb&é’,ﬁa@n@t 1@uﬁgacw@bnto a nunber
of processing ste and/ or

i ncludin ression,
condensi ng, IeaV|R§ﬂWW Vwag@mﬁ' ﬁ?P%”@@mFﬂb%Wag{H&@Dw§aP£%9?Fed t hr ough
streans 163 and/@meﬂﬁﬁmemb@nﬁhm tr a1Bist 1000 sierifid Gmboframe thetong $r moxked Wit h t he

fresh feeds. [ Ooglgé*oilﬁro 0@&&? C;.IJ @esxtg%rgé%ﬁ)gd ﬂ}?’@le f&ﬂGlan@@I IN’QL@%H £isC a(?lrﬁogg?t S

(e.g. oligoners ner co
slurry to the stFNﬁﬁe@mmkwﬁprnébmdt@éhﬁvém%b§ﬂﬂuaﬁ0WH&PH)Omhé’bprlpper dr um

140 contains a bat b ®im Peplo Gfiomt BRAMoRH RN 3 Wad st PtefRatlyefiBen ad ur e of about
40C to about 70C e endln%%on the operating pressure of the stripper. The

stripped fluid, & &Cmy&ﬁf R AT 88EEd mononers, are renoved vi a

stream 135 exiting the overhead of the stripper drun1140 The purified
rubber exits the 85 lPpertivdr urhydauogesahoniat en s| ke vi uapiebass:60. St ream

60 can be sent digiRebh¥nd@; fhiRlGHhAGES HBREHIREd] 2RANME0cthmeS-1,Fxanpl es
difluoroethane; 1,1,1-  trifluoroethane; 1,1,2-trifluoroethane; 1,1,1,2-
tetrafluoroethane; 1,1,2,2- tetrafluoroethane; 1,1,1,2,2-pentafluoroethane; 1-
fluoropropane; 2-fluoropropane; 1,I-difluoropropane; I,2-difluoropropane; 1,3-
difluoropropane;  2,2-  difluoropropane; 1,1,1-trifluoropropane; 1,1,2-
trifluoropropane;  1,1,3-  trifluoropropane;  1,2,2-trifluoropropane;  1,2,3-

trifluoropropane; 1,1,1,2- tetrafluoropropane; 1,1,1 ,3-tetratluoropropane; 1 , 1



[00711 The foregoing discussion can be further described with reference to
the foll ow ng non I imting exanples. Sixteen exanples (Exanples 1-16) of
butyl rubber ared in a slurry containing HFC or._a bl end of HFC and
met hyl chl oriy 29538 ngaratlve exanpl e of butyl rubber pr"sffé{?@%ﬁ’“ 2 sl urry
containing only methyl chloride as the diluent (Conp. Ex. 1) is also
provided. The slurry instability tenperatures of the slurries are reported
in Table 1 and Figure 4 as explained bel ow [0072] For each exanple, the
pol yneri zations were conducted in staint€ss steel resin kettles, equipped
with a Teflon turbine inpeller on a glass stir shaft driven by an external
electrically driven stirrer. The reactor. was cooled to the desired reaction
tenperature by i IS PHE s sénbl eld PeAEIPOPRR™S dent ahe *oF- | sohexane
bath in an inert tatiafiogpharne:; gl 021233 kexfuorbhepdnenmpen aparentfuotopepsit; r r ed

hydr ocar bon bath ntroll e ratus. in liq cont act
with the reacti onl\NFlr'r{Zd:59 emﬁiu%w Y dg(d z%at? 1?090 ggl?f%uor%qr(g)dne I'n al #?r ogen

at nospher e bef or excusioropopingy yl eneI ( Mt hesefiuomprdBxaconMobli |} ahd3-met hyl

chloride (Air Produgts)y¥ehe diied byz Passl.AghdRGagas tihroughs t firee
stai nl ess steel columms cont ai ni ngl barium oxi de and were condensed and

col l ected as | i qUIEERSTAPTPIRES dr y  Jolxl:2- Bt ACPHEPEPRT2ES: wer e Iddmathéed and
collected as |i qUieﬂSﬂdofbpltoba&xedﬂyﬂb@k(butahaopﬂﬁﬂﬁ)u(aﬁd dri-giforv@sndiSEL as

recei ved. The HCl . rich 997 SOl ut i re d by

di ssolving a de5| ub]|Ogutane ”d '%E\t‘ff)e ?E%%O' b“tdnﬁie%{dl\?@mflﬁgng?gchl eve 2-3
% concentration byfluaebgre; 1 Theifelxlablttaneohbéntfhlapbme off. Li-ndlup40iutangy t hi s

solution was det arm NgguB¥oudidnt at Imrlmmu% aqueeueﬂmgﬂalfeolmon of known
concentration by methods known to those skilled in the art. The

hydr of | uor ocar boriéTyerebyiane: 5 3. 23-fiflupigbaset hdrel -+ BHIIREPTBRal 1Reb+i ger ant s
and 1, 1- difl uor agtahaené@ufatio m1liechificabbuRnape) iatPItSt}aﬂwblenanalﬂlem ed as
clear, colorless |li S ived. Et um

di chloride (A dri'@ a?”"“%“ta“e qdvg%ﬁtglfﬁ‘b’“’% a?iq%cf’r%%aé‘“ Sﬁ“aé*dllur%n These
sol uti ons were -eitdthBrorghytaesh ak bél4-tatrafyoegbatriesd lfibmetlwelowemneetlr%/M al um num

di chlori de. - 26 tet&@&%ﬂda&@npﬂ?!g-teftx%grdﬁ@éneprlep?-ﬁ %Qaﬂu'am@ut%ea'ﬁ ﬁﬁs st eel
resin kettle at the desired starting tenp ature usi ng m

1, 1- di f | uor oet harigraflesepuigge: o1, He@*H)PFmWP‘dP‘i“H’é Pl 21”11’6“8‘F1“‘?r%‘qu?yl ene and

2.8 m of isopreng,l Separpamﬂuymhanemat aliysit s®b-peitGNorsBsanpr epariexh-f rom 45 ni
of 11d|fluoroeth I I oride 0.57 nol /L
sol ution of HCL |pen Plogqancm oféléé)“rgﬁﬁwrﬁg 1 q %Qgeni%domb‘ﬁalntqgol ution of
et hyl al um num di dhl2ek4- ebetaﬂwwbewmqel [ 00243 ﬂ'eheﬂemhutaye cbpollyretd-zat i ons

wer e perforned b)éeﬂi’alfﬁé;(%!)d{dn@gl @99%&@1\@0&9&9”9@@3 i phQntRBulhdyef i ed
di luent or diluent bl end ymerization tenperature and stirred at a

pre-determ ned st% %l%@‘méaﬁé‘éﬁpuﬁé? weeh -Bob2t betiorbrr 'Alprlocestor

controll ed el ect mmﬂambmfanmg D12 3- Rk hfvebutaent 1 0l 2.0k-hthdugbbulané; Ng speed to
within 5 rpm Th |n| 00|nt|a 43S0 utlon r r red, in the

di l uent or dil ue(rzgt1 bl’ ie!rli% %Xa ¢ b(%rdm‘f hte?eXpeJrl TeRt uof‘%él%flgl ?ﬁglt OL% coi ni ti ator
sol uti ons were pheplycedutaye; dild sdfihagiledeuiand ti, dt.o8.3 Bhtoflledebudnd uent or

di luent blend anqd addbng.n¥irhdlodtiatd:Ng; 1 @ ok OndVhiBlobihRN) O £5 byl al um num
dichloride. The initiator/coinitiator solution was used i mediately. [0075]

The diluents use8%iBtoeeoNBEL L dethif-henflgrebyeye: 112,33 4t PE8rgduRase, ~ and

1,1, 1, 2-tetrafl uoroet hanes-nd@iuerobutdidmayi 22 shpatliotdsedte; ar, diiuent bl ends
used in addition.t he sured inst ure ose exanpl es
whi ch contain bet \/\%ein zkecrrtg AR H96 | la{)# E){l?ﬁt eu%%rtlree 31111-l§§h4ts4ebl ends.
[0076] The sl urr yeptafigeretivitang;t y 1t ehperatast- eepmé@rwu@m nmedsluk®ed. Adrelimnary

experiment in theg. apRLORELAL € dijl uepd 5 or 3@&&4%01;%@&“ Vs eanducted to
approxi mate the |nstab|I|ty tenperature in order to better select an

appropriate st ar 05HYOPBHPET dt urle - f br2 € hé HIoICRrEFIZEES oh ! hd ‘deher at ed the
data presented in Table 1. The tenperature of the polynerization was
initially controlled to maintain reactor tenperature to within
approximately two degrees of the initial reactor tenperature. This interval
permtted the devel opnment of a stable rubber slurry and an increase in the
concentration of the rubber in the reactor. After a stable slurry was

achi eved, catalyst addition was continued, but wthout the benefit of
external cooling. As a result, the tenperature of the slurry would slowy
rise until the slurry no | onger was stable and yielded to nmass -27-

aggl oneration. The tenperature at which the slurry was no | onger stable was
recorded as the slurry instability tenperature. The polynerizati on was
begun at a tenperature that was approximately five to ei ght degrees bel ow
the recorded |nstab|I|ty tenperature Flgure 4 shoms a graphlca

Y o, M o



Table 1 Exanple HFC W . % MeCl Instability T (C 1 1,1-difluoroethane 0 -47
2 1,1-difl uoroethane

WO 2008/130763 PCT/US2008/057535

-18-

octafluorobutane; 1 , 1 , 1 ,2,3 ,4,4,4-octafluorobutane; 1,1,1 ,2,23 ,3,44-
nonafluorobutane; 1,1,1 ,2,2,3.4,4,4-nonafluorobutane; 1 -fluoro-2-
methylpropane; 1, 1 -difluoro-2-methylpropane; 1 ,3-difluoro-2-methylpropane;
1,1,1 -trifluoro-2- methylpropane; 1,1,3-trifluoro-2-methylpropane; [,3-difluoro-2-
(fluoromethyhpropane; 1,1,1 ,3-tetrafluoro-2-methylpropane; 1,1,3 ,3-tetrafluoro-
2- methylpropane; 1 , 1 3-trifluoro-2-(fluoromethylpropane; 1,1,1 3,3~
pentafluoro-2- methylpropane; 1 , 1 ,3,3-tetrafluoro-2-(fluoromethyl)propane;
11,1 3-tetrafluoro-2-  (fluoromethyl)propane;  fluorocyclobutane;  1,1-
difluorocyclobutane; 1,2- difluorocyclobutane; 1,3-difluorocyclobutane; 1,1,2-
trifluorocyclobutane; 1,1,3- trifluorocyclobutane; 1,2,3-trifluorocyclobutane;
1,1,2,2-tetrafluorocyclobutane; 1 , 1 ,3,3-tetrafluorocyclobutane; 1 , 1 ,2,2,3-
pentafluorocyclobutane; 1 , 1 ,2,3,3- pentafluorocyclobutane; 1,1,2,2,33-
hexafluorocyclobutane; 1,1,2,2,3,4- ‘hexafluorocyclobutane; 1 ,1 ,2,3.34-
hexafluorocyclobutane; 1 , 1 ,2,2,3,3,4- heptafluorocyclobutane; and mixtures
thereof and including mixtures of unsaturated HFC's described below. Particularly
preferred HFC's include difluoromethane, trifluoromethane, 1,1-difluoroethane,

1,1,1- trifluoroethane, fluoromethane, and 1,1,1,2-tetrafluorocthane.

[0056] Illustrative unsaturated hydrofluorocarbons include vinyl fluoride; 1,1-
difluoroethene; 1,2-difluoroethene; 1,1,2-trifluoroethene; 1- fluoropropene, 1,1-
difluoropropene; 1 ,2-difluoropropene; 1,3-difluoropropene; 2,3-difluoropropene;
3,3-difluoropropene; 1,1,2-trifluoropropene; 1,1,3- trifluoropropene; 1,2,3-
trifluoropropene; 1,3, 3-trifluoropropene;  2,3,3-  trifluoropropene;  3,3,3-
trifluoropropene; 1-fluoro-l-butene; 2-fluoro-l-butene; 3- fluoro-1-butene; 4-
fluoro-l-butene; 1,1-difluoro-I-butene; 1,2-difluoro-1-butene; 1,3-difluoropropene;
1,4-difluoro-1-butene; 2,3-difluoro-1-butene; 2,4-difluoro-1- butene; 3,3-difluoro-1-
butene; 3,4-difluoro-l-butene; 4.4-difluoro-l-butene; 1,1,2- trifluoro-1-butene;
1,1,3-trifluoro-I-butene; 1,1,4-trifluoro-I-butene; 1,2,3- trifluoro-1-butene; 1,2,4-
trifluoro-l-butene;  1,3,3-trifluoro-I-butene; 1,3,4-  trifluoro-1-butene; 1,4,4-
trifluoro-1 -butene; 2,3,3-trifluoro-l-butene; 2,3,4- trifluoro-1-butene; 2,4,4-
trifluoro-l-butene;  3,3,4-trifluoro-l-butene; 3,4,4- trifluoro-1-butene; 4,4,4-

trifluoro-l-butene; 1,1,2,3-tetrafluoro-1-butene; 1,1,2,4- tetrafluoro- I -butene; 1, 1



0 -45.5 3 1,1-difluoroethane O -48 4 1,1-difluoroethane 14.6 -52 5
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,3,3 -tetrafluoro- 1 -butene; 1, 1,3 ,4-tetrafluoro- 1 -butene; 1,1 ,4,4-tetrafluoro-
I-butene/ 1 ,2,3,3-tetrafluoro-1 -butene; 1 ,2,3,4-tetrafluoro-1 - butene; 1,2,4,4-
tetrafluoro-1 -butene; 1,3,3,4-tetrafluoro-1-butene; 1,3,4,4- tetrafluoro-1 -butene;
1,4,4 4-tetrafluoro-1 -butene; 2, 3,3,4-tetrafluoro-1 -butene; 2,3, 4,4-tetrafluoro-1 -
butene; 2,4,4,4-tetrafluoro-1 -butene; 3,3,4,4-tetrafluoro-1- butene; 3,4.4,4-
tetrafluoro-l -butene; 1,1, 2,3, 3-pentafluoro-1 -butene; 1,1,2,3,4- pentafluoro- 1 -
butene; 1, 1,2,4,4-pentafluoro- 1 -butene; 1, 1,3,3,4-pentafluoro- 1 - butene; 1,1,
3, 44-pentafluoro-l -butene; 1,1,4,4,4-pentafluoro-l -butene; 1,2,3,3,4-
pentafluoro-1 -butene; 1 ,2, 3, 4,4-pentafluoro-1 -butene; 1 ,2,4,4,4-pentafluoro-I-
butene; 2,3,3.4,4-pentafluoro-1 -butene; 2,3, 4,4,4-pentafluoro-1 -butene; 3,3,4,4,4-
pentafluoro-1 -butene; 1,1, 2, 3,3.4-hexafluoro-1 -butenc; 1,1,2,3,4,4-hexafluoro-1-
butene; 1,1,2.4,4,4-hexafluoro-l  -butene;  1,2,3,3,4,4-hexafluoro-l-butene;
1,2,3,4,4,4-hexafluoro-l-butene; 2,3,3,4,4,4-hexafluoro-l-butene; 1,1,2,3,3,4,4-
heptafluoro-1  -butene; 1,1,2,3,4,4,4-heptafluoro-1  -butene; 1,1,3,3,4,4.4-
heptafluoro-1 -butene; 1,2,3,3,4,4,4-heptafluoro-1-butene; 1 -fluoro-2-butene; 2-
fluoro-2-butene;  1I-difluoro-2-butene; 1,2-difluoro-2-butene; 1,3-difluoro-2-
butene; 1 ,4-difluoro-2-butene; 2,3-difluro-2-butene; 1,1,1-trifluoro-2-butene; 1,1,2-
triftuoro-2-butene; L1,3-trifluoro-2-butene; 1,1,4-trifluoro-2-butene; 1,2,3- trifluoro-
2-butene; 1,2, 4-trifluoro-2-butene; 1,1,1,2-tetrafluoro-2-butene; 1,1,1,3- tetrafluoro-
2-butene; 1,1,1,4-tetrafluoro-2-butene; 1 , 1 ,2,3-tetrafluoro-2-butene; 1, 1 ,2,4-
tetrafluoro-2-butene;  1,2,3,4-tetrafluoro-2-butene; 1,1,1  ,2,3-pentafluoro-2-
butene; 1,11,2,4-pentafluoro-2-butene; 1,11,3,4-pentafluoro-2-butene; 1,1,1,4,4-
pentafluoro-2-butene; 1, 1 ,2,3,4-pentafluoro-2-butene; 1,1,2,4,4-pentafluoro-2-
butene; 1,1,1 ,2,3,4-hexafluoro-2-butene; 1,1,1 ,2,4,4-hexafluoro-2-butene; 1,1,1
.3.4.4-hexafluoro-2-butene; 1,1,1 ,4,4,4-hexafluoro-2-butene; 1 , 1 ,2,3.44-
hexafluoro-2-butene; 1,1,1 ,2,3,4,4-heptafluoro-2-butene; 1,1,1 ,2,4,4.4-
heptafluoro-2-butene; and mixtures thereof and including mixtures of saturated

HFC's described above.

[0057] Tn one or more embodiments, the diluent is or includes non-perfluorinated
compounds. Perfluorinated compounds include those compounds consisting of

carbon and fluorine. However, in one or more embodiments, when the diluent is a



1,1-difluoroethane 14.6 -50 6 1,1-difluoroethane 34.3 -60 7
1, 1-di fl uoroet hane 34.3 -61
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blend, the blend can include perfluorinated compounds, preferably, the catalyst,
monomer, and diluent are present in a single phase or the aforementioned

components are miscible with the diluent as described in further detail below.

(0058] In one or more embodiments, one or more HFC's can be used in
combination with another diluent or mixtures of diluents. Illustrative diluents
include hydrocarbons, cspecially hexanes and Theptancs, halogenated
hydrocarbons, especially chlorinated hydrocarbons and the like.  Specific
examples include but are not limited to propane, isobutane, pentane,
methycyclopentane, isohexane, 2- methylpentane, 3-methylpentane, 2-
methylbutane, 2,2-dimethylbutane, 2,3- dimethylbutane, 2-methylhexane, 3-
methylhexane, 3-ethylpentane, 2,2-dimcthylpentane, 2,3-dimethylpentane, 2,4-
dimethylpentane, 3, 3 -dimethyl pentane, 2-methylheptanc, 3-cthylhexane, 2,5-
dimethylhexane, 2,24,- trimcthylpentane, octane, heptanc, butane, cthanc,
methane, nonane, decane, dodecane, undecane, hexane, methyl cyclohexane,
cyclopropane,  cyclobutane, cyclopentane, methylcyclopentane, 1,1-
dimethylcycopentane, c¢is 1,2-  dimethylcyclopentane, trans- 1 ,2-
dimethylcyclopentane, trans- 1 ,3- dimethylcyclopentane, ethylcyclopentane,
cyclohexane, methylcyclohexane, benzene, toluene, xylene, ortho-xylene, para-
xylene, meta-xylene, and the halogenated versions of all of the above, preferably
the chlorinated versions of the above, more preferably fluorinated versions of all
of the above. Brominated versions of the above are also useful. Specific examples
include, methyl chloride, methylene chloride, ethyl chloride, propyl chloride,

butyl chloride, chloroform and the like.

[0059] In onc or morc embodiments, non-reactive olefing can be used as diluents
in combination with HFC's, Examples include, but are not limited to, ethylene,

propylene, and the like.

[0060] In at Icast onc specific embodiment, the HFC can be used with a
chlorinated hydrocarbon such as methyl chloride. Additional embodiments
include using the HFC in combination with hexanes or methyl chloride and

hexanes. In one or more embodiments, the HFC's can be used in combination
2
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with one or more gases inert to the polymerization such as carbon dioxide,
nitrogen, hydrogen, argon, neon, helium, krypton, zenon, and/or other inert gases
that are preferably liquid at entry to the reactor. Preferred gases include carbon

dioxidc and/or nitrogen.

[0061] In one or more ecmbodiments, the HFC's can be used in combination with
one or more nitrated alkanes, including C1 to C40 nitrated linear, cyclic or
branched alkanes. Illustrative nitrated alkanes include, but arc not limited to,
nitromethane, nitrocthane, nitropropane, nitrobutane, nitropentane, nitrohexanc,
nitroheptane, nitrooctane, nitrodecane, nitrononane, nitrododecane, nitroundecane,
nitrocyclomethane, nitrocycloethane, nitrocyclopropane, nitrocyclobutane,
nitrocyclopentane,  nitrocyclohexane,  nitrocycloheptane,  nitrocyclooctanc,
nitrocyclodecane, nitrocyclononane, nitrocyclododecane, nitrocycloundecanc,
nitrobenzene, and the di- and tri- nitro versions of the above. A preferred

embodiment is HFC's blended with nitromethane.

[0062] The HFC can be present at 1 to 100 volume % based upon the total volume
of the diluents, or between 5 and 100 volume %, or between 10 and 100 volume
%, or between 15 and 100 volume %, or between 20 and 100 volume %, or
between 25 and 100 volume %, or between 30 and 100 volume %, or between 35
and 100 volume %, or between 40 and 100 volume %, or between 45 and 100
volume %, or between 50 and 100 volume %, or between 55 and 100 volume %,
or between 60 and 100 volume %, or between 65 and 100 volume %, or between
70 and 100 volume %, or between 75 and 100 volume %, or between 80 and 100
volume %, or between 85 and 100 volume %, or between 90 and 100 volume %,
or between 95 and 100 volume %, or between 97 and 100 volume %, or between
98 and 100 volume %, and or between 99 and 100 volume %. In one or more
embodiments, the HFC can be blended with one or more chlorinated
hydrocarbons. In one or more embodiments, the HFC can be selected from the
group consisting of difluoromethane, trifluoromethane, 1,1-difluoroethane, 1,1,1-

trifluoroethane, and 1,1,1,2-tetrafluoroethane and mixtures thereof.
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[0063] In one or more embodiments, the diluent or diluent mixture can be selected
based upon its solubility in the polymer. Certain diluents are soluble in the
polymer. Preferred diluents have little to no solubility in the polymer. Solubility in
the polymer is measured by forming the polymer into a film of thickness between
50 and 100 microns, then soaking it in diluent (enough to cover the film) for 4
hours at -75° C. The film is removed from the diluent, exposed to room
temperature for 90 seconds to evaporate excess diluent from the surface of the
film, and weighed. The mass uptake is defined as the percentage increase in the
film weight after soaking. The diluent or diluent mixture is chosen so that the
polymer has a mass uptake of less than 4 wt%, preferably less than 3 wt%,
preferably less than 2 wt%, preferably less than 1 wt%, more preferably less than
0.5 wt%.

[0064] In onc or more embodiments, the diluent or diluent mixture can be sclected
such that the difference between the measured glass transition temperature (Tg) of
the polymer with less than 0.1 wt% of any diluent, unreacted monomers and
additives is within 15°C of the Tg of the polymer measured after it has been
formed into a film of thickness between 50 and 100 microns, that has been soaked
in diluent (enough to cover the film) for 4 hours at -75 °C. The glass transition
temperature is determined by differential scanning calorimetry (DSC). Techniques
are well described in the literature, for example, B. Wunderlich, "The Nature of
the Glass Transition and its Determination by Thermal Analysis”, in Assignment
of the Glass Transition, ASTM STP 1249, R. J. Seyler, Ed., American Society for
Testing and Materials, Philadelphia, 1994, pp. 17-31. The sample is prepared as
described above, sealed immediately after soaking into a DSC sample pan, and
maintained at a temperature below -80C until immediately before the DSC
measurement. Preferably the Tg values are within 12°C of each other, preferably
within 11°C of each other, preferably within 10°C of each other, preferably within
9°C of each other, preferably within 8°C of each other, preferably within 7°C of
cach other, preferably within 6°C of each other, preferably within 5°C of each
other, preferably within 4°C of each other, preferably within 3°C of each other,

preferably within 2°C of each other, or preferably within 1°C of each other.
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APPLICATIONS

[0065] The polymers described provide chemical and physical characteristics that
make them highly useful in a variety of applications. For example, the polymers
can be used as adhesives, caulks, sealants, and glazing compounds. The polymers
are also uscful as plasticizers in rubber formulations with butyl, SBR, and natural
rubber. The polymers are also widely ecmployed in lubricants as dispersants and in
potting and clectrical cable filling materials. In certain applications, the polymers
can be used in chewing-gum, as well as in medical applications such as
pharmaceutical stoppers, and the arts for paint rollers. Further, the polymers are
especially useful for tires, bladders, inner tubes, inner liners, tire sidewalls, tread
compounds, high tcmperature service hoses, and conveyor belts for hot material
handling. The polymers can also be used for air cushions, pneumatic springs, air
bellows, accumulator bags, pharmaccutical closurcs. Further, the polymers are
useful in molded rubber parts and find wide applications in automobile suspension

bumpers, auto exhaust hangers, and body mounts.

[0066] The polymers described can also be blended with one or more other
polymers. For example, the polymers described can be blended with one or more
thermoplastic resins including high-density polyethylene and isotactic
polypropylene to increase strength of the polyolefin. The polymers described can

also be blended with polyamides to produce other industrial applications.

[0067] Referring again to Figure 1, fresh monomer feeds (i.e. isobutylene and
isoprene) via streams 10, 15 are combined in the storage drum 100 together with
recycled materials from the tower 162. The storage drum 100 operates at close to
ambient temperature. The mixed feed steam 105 is transported from the storage
drum 100 to the feed coolers 106, 108 where the mixed feed is cooled to below
about -90°C. Fresh catalyst feed via stream 20 is added to the drum 167 along
with recycled materials from tower 162 via stream 164, That mixed stream 164
exits the storage drum 167, cooled within coolers 170, 172, and fed to the reactor

110. Within reactor 305, polymerization takes place at a temperature normally
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maintained in a range from about -90°C to about -98°C by a cooling system

utilizing the evaporation of liquid ethylene.

[6068] Rubber slurry produced during polymerization exits the reactor 110 as
reactor effluent strcam 115. The rubber slurry from stream 115 enters the extruder
120 and is conveyed to the flash tank 130. Within the extruder 120, the rubber
phasc of the rubber slurry is separated by expression from the liquid reaction
medium. The scparated liquid (i.e. HFC/mcthyl chloride diluent blend and
unrcacted isobutylene and isoprene monomer) can be directly recycled to the
reactor 110 via stream 122 or sent for further separation and processing via stream
135. The separated liquids (i.e. cold diluent) can be recycled to the reactor 110
via recycle stream 125. Recycling the cold liquid reaction medium via stream 125
results in less energy consumed to cool the monomer feed (i.e. stream 105) to the

reactor 110.

[0069] The at least partially separated rubber slurry can be further separated
within the flash tank 130. Within the flash tank 130, residual diluent and
monomers are flashed from the rubber by hot water at a temperature of about
50°C to 75°C. Diluent and monomer vapors are transported through stream 135
and subjected to a number of processing steps, including compression, drying,
purifying, and/or condensing, leaving the bulk as a purified liquid that is recycled
through streams 163 and/or 164 into the drums 100 or 167 where it is mixed with

the fresh feeds.

[0070] From the flash tank 130, the non-volatile components (e.g. oligomers and
polymer components) can be transported as a rubber slurry to the stripper drum
140 to remove residual fluid. The stripper drum 140 contains a bath or pool of
steam and/or water at a temperature of about 40°C to about 70°C depending on
the operating pressure of the stripper. The stripped fluid, c.g., diluent and
unreacted monomers, are removed via stream 135 cxiting the overhead of the
stripper drum 140. The purified rubber cxits the stripper drum 140 as a watcr
slurry via stream 60. Stream 60 can be sent directly to finishing as described

above.



[0077] As shown in Table 1, the instability tenperature of the HFC slurry
and HFC slurry bl ends (Exanples 1-16) ranged from-47C to -75C. The nethyl
chloride slurr i Exanple 1) had an instability tenperature of about
-85C or -86Cﬁ”¥ﬁ O3ILEE3c ont ai ni ng sl urries had war mer |ngE&W?1 0P (5753S
tenperatures than the nethyl chloride slurry. Such warner |nstab|I|ty
tenperatures provide a w der operating wi ndow, operating flexibility of the
extruder, energy cost savings, and environmental friendly operation, which
are not obtainable frompure nethyl chloe?ide slurries. [0078] Enbodi nents
of the disclosure further relate to: -28- 1. A nethod for producing

el astoners or el astomeric conpositions, conprising: polynerizing one or
nore C4 to C7 isdo8P%s and one or nore conpnomers in the presence of a
di l uent conprising one or nore hydrofl uorocarbons to provide a slurry
conpri si ng pol ynep7pr ddudtegoivndieastondambn omiber dasedbadhathdiefergaget to tiext r udi ng

the slurry to sepgiglif 1%11linﬁﬁ%tex%ﬁ&rt&ggeno&a&[n& @&kmﬁ@tx feh %ﬁbatgxe pol ymer

product; and recycllng t he separated dil uent go yneri zi ng e one or
nore C4 to C7 i so8Phst s PICQaerTHé ShEY GefdpinRe %%‘F a'g‘"‘r g of HEGiad Brtivk he pol yner
product is sel ect@d)rlfld’ﬁﬂfb&qhﬁmgcf Wﬁpl@@ﬂsmtﬁtmm@ @éparcd ina slulry containing

pol y(i sobut yl ene- C tllF_?l(f¥Ll§1td¥: c.ldfl_llucn]rérgolgflggg 1s albo roxudﬁ(g u?ber but yl

rubber, and nlxtur para rap wherein
t he polyner produw%mdmnpmp@@sCSMEhcﬂmaﬂthedmbuﬂymTwubbemimec4,w

cxplained below.

[0072] For each example, the polymerizations were conducted in stainless steel
resin kettles, equipped with a Teflon turbine impeller on a glass stir shaft driven
by an external electrically driven stirrer. The reactor was cooled to the desired
reaction temperature 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 recaction medium were dried at 120°C and cooled in a nitrogen atmosphere
before use. Isobutylene (Matheson or ExxonMobil) and methyl chloride (Air
Products) were dried by passing the gas through three stainless steel columns
containing barium oxide and were condensed and collected as liquids in the dry
box. Both materials were condensed and collected as liquids in the dry box.
Isoprene (Aldrich) was used as received. The HCI (Aldrich, 99% pure) stock
solution was prepared by dissolving a desirable amount of HCI gas in dry MeCl or
HFC to achieve 2-3 % concentration by weight. The exact concentration of the
HCI in this solution was determined by titration with an aqueous NaOH solution
of known concentration by methods known to those skilled in the art. The
hydrofluorocarbons (1,1,1,2-tetrafluoroethane from National Refrigerants and 1,1-
difluoroethane from Technical Propellants) were collected as clear, colorless
liquids and were used as received. Ethyl aluminum dichloride (Aldrich) was used
as a 1.0 mol/L hydrocarbon solution. These solutions were either purchased or

prepared from the neat ethyl aluminum dichloride.



4. The nmethod of any of paragraphs 1 to 3, wherein the elastoners or

el astoneric conpositions conprise at |east one of

pol y(i sobutyl ene-coal kyl styrene), hal ogenat edpol y(i sobutyl ene-co-al kyl styren
e), star- bran¥PeWsbitsfl rubber, hal ogenated st ar-br anch8dBRAHSPdbber ,

butyl rubber, hal ogenated butyI rubber, and m xtures thereof. 5. The met hod
of any of paragraphs 1 to 4, wherein the di l uent conprises at |east 10% by
wei ght of the one or nore hydrofl uorocarbons. 6. The nethod of any of
paragraphs 1 to 5, further conprising heating the slurry to a tenperature
rangi ng from 1C above to about 50C above the instability tenperature of the
slurry prior to extruding the slurry. -29- 7. The nmethod of any of
paragraphs 1 to 6007hMpedmsr fehbweli dropersd incoviiess ateel 1esin kgitle piiby daitdane,

1,1,1,2-tetrafl UQ'Ea@cﬁJgh@rﬂ;%raﬂQé um& hos &l &hﬁl-mh&}a@lm@é zasmnmf Rah@agraphs 1 to
7, mhereln the diluent fur npri ses nmet hod for

hl o
produci ng el ast oﬁ@Pgd%HlleP’Lin B?Pé‘Fy cge B‘Eﬂfb%ﬂ toif b‘ﬁ%‘ene gepdrately a C‘“Aly“

solution was prepared from 45 ml of [,1-difluoroethane, 105 ml of mcthyl
chloride, 0.568 ml of a 0.57 mol/L solution of HCI in methy! chloride and 0.999

ml of a 1.0 mol/L solution of ethylaluminum dichloride in hexane.

[0074] The slurry copolymerizations were performed by dissolving monomer and
comonomer into the liquefied diluent or diluent blend at polymecrization
temperature and stirred at a pre-determined stirring speed between 800 to 1000
rpm. A processor controlled electric stirring motor allowed control of the stirring
speed to within 5 rpm. The initiator/coinitiator solutions were prepared in the
dituent or diluent blend used for the experiment. The initiator/coinitiator solutions
were prepared by dissolving the initiator into the dilucnt or diluent blend and
adding, with mixing, a 1.0 M solution of ethylaluminum dichloride. The

initiator/coinitiator solution was used immediately.

[0075] The diluents used were MeCl (methyl chloride), 1,1-difluorocthane, and
1,1,1,2-tetrafluoroethane. Table 1 summarizes the diluent or diluent blends used
in addition to the measured instability temperatures. Those examples which

contain between zero and 100% methyl chloride are diluent blends.

[0076] The slurry instability temperature was then measured. A preliminary
experiment in the appropriate diluent or diluent blend was conducted to
approximate the instability temperature in order to better select an appropriate
starting temperature for the polymerization that generated the data presented in
Table 1. The temperature of the polymerization was initially controlled to
maintain reactor temperature to within approximately two degrees of the initial
reactor temperature. This interval permitted the devclopment of a stable rubber
slurry and an increase in the concentration of the rubber in the reactor. After a
stable shurry was achieved, catalyst addition was continued, but without the
benefit of external cooling. As a result, the temperature of the slurry would

slowly rise until the slurry no longer was stable and yielded to mass



conprising: polynerizing one or nore C4 to C7 isoolefins and one or nore

conononers in the presence of a diluent conprising one or nore

hydr of | uorocarbaons in a reactor operated at slurry polynerization _

condi tions; r¥08VEMN%Y a reactor effluent conprising poPyRUPZBVE@IRt

unreacted nononer and the diluent fromthe reactor; extruding the reactor

effluent to separate at |least a portion of the diluent and unreacted

nmononer fromthe polynmer product; and recycling the separated diluent and

unreacted nmononer to the reactor. 10. Th¥-nethod of paragraph 9, wherein an

extruder for extruding the reactor effluent is directly coupled to the
reactor. 11. The nethod of paragraphs 9 or 10, wherein an extruder for

ext rudi ng the rea@eiomeaiq| Jdatempsrape & cthich hotdpietestty lansedtilonsof heat ed
pi pi ng t Eat is di ﬂé@ﬁi\fﬁ ¥s tﬁ@ﬂtﬂjryﬁdstetbﬂilt}t t'@ﬁpd’rz@uﬁ@.;[j me.pogzaeriz&lm mg&g}gﬂl atQf ﬁny of
aragraphs 9 to 11, wherein the polynmer produ i s sel ect romthe group
gons?sting of poﬁﬁ?ﬁ@%ﬁﬁgvpgﬁbﬂ@§¥5¥%§1gg@?e éfk%?%?@%W£ﬁ%ﬁ§8&§utyl

r ubber, but yI r ubbstabjlitya echppratateur Bgurt Hethewof a graphical illustration of the slurry

instability temperatures shown in Table 1.

Table 1

Example HFC Wt.% MeCl | Ingtability T (°C)
1 1,1-difluoroethane 0 -47
2 1,1-difluorocthane 0 -45.5
3 1,1-difluoroethane 0 -48
4 1,1-difluorocthane 14.6 -52
5 1,1-difluoroethane 14.6 -50
6 1,1-diflyoroethane 34.3 -60
7 1,1-difluoroethane 343 -01
8 1,1-difluorocthane 49,2 -63
9 1,1-difluoroethane 492 -61
10 1,1-difluoroethane 49.2 -63
11 1,1-difluoroethane 49.2 -61
12 1,1-difluorocthane 69.3 -72
13 1,1-difluoroethane 69.3 -69.5
14 1,1,1,2-tetrafluoroethane 74.1 -75
15 1,1,1,2-tetrafluoroethane 74.1 -76
16 1,1,1,2-tetrafluoroethane 62.5 -70

Comp. 1 None 100 -86

Comp. 1 None 100 -85

[6077] As shown in Table 1, the instability temperature of the HFC slurry and
HFC slurry blends (Examples 1-16) ranged from -47°C to -75°C. The methyl
chloride slurry (Comp. Example 1) had an instability temperature of about -85°C
or -86°C. The HFC containing slurries had warmer instability temperatures than
the methyl chloride slurry. Such warmer instability temperatures provide a wider
operating window, operating flexibility of the extruder, energy cost savings, and
environmental friendly operation, which are not obtainable from purc methyl

chloride slurries.

[0078] Embodiments of the disclosure further relate to:



13. The method of any of paragraphs 9 to 12, wherein the polymer product

conpri ses star branched butyl rubber. -30- 14. The nethod of any of
paragraphs 9 to 13, wherein the elastoners or elastoneric co itions
conpri se at ﬂgg%?OS/Pﬁ[)éﬁof PCT/US0087027538

pol y(i sobut yl ene-coal kyl styrene), hal ogenat edpol y(i sobutyl ene-co-al kyl styren
e),star- branched butyl rubber, hal ogenated star-branched butyl rubber,
butyl rubber, hal ogenated butyl rubber, and m xtures thereof. 15. The

met hod of any of paragraphs 9 to 14, wheXein the diluent conprises at |east
10% by wei ght of the one or nore hydrofluorocarbons. 16. The net hod of any
of paragraphs 9 to 15, wherein the diluent further conprises nethyl
chloride. 17. The' net hodetpd Ry nrdugag FHPUpes 9 € ’d“‘l%emvxﬁé’?l’éflﬁo% he di | uent
conprises 1, 1-difluoragthane, 1,1,1,2-tetrafluoroethane, or both. 18. The
met hod of any of paragraphs 9 to 17 further conprising heating the slurry

to a temperature rangidgdiQidhC AbQuE £0 @RQUL. QM aREVE.LHe oRst abi i ty

tenperature of the slurry prior to extrudlng 't he slurry. 19. A nethod for
produci ng el astoners @MoBIREst dhrdlci prekeRtpdfs i t4iBHS  corpippiei Siengf: morc

hydrofluorocarbons to provide a slurry comprising polymer product,

unreacted monomer and the diluent;

extruding the slurry to separate at least a portion of the diluent from the

polymer product; and

recycling the separated diluent for polymerizing the one or more Cy to C;

isoolefins.

2. The method of paragraph 1, wherein the polymer product is selected from
the group consisting of poly(isobutylene-co-alkylstyrene), star-branched

butyl rubber, butyl rubber, and mixtures thereof.

3. The method of paragraphs 1 or 2, wherein the polymer product comprises

star branched butyl rubber.

4. The method of any of paragraphs 1 to 3, wherein the eclastomers or
elastomeric compositions comprise at least one of poly(isobutylene-co-
alkylstyrenc),  halogenated  poly(isobutylenc-co-alkylstyrene),  star-
branched butyl rubber, halogenated star-branched butyl rubber, butyl

rubber, halogenated butyl rubber, and mixtures thereof.

5. The method of any of paragraphs 1 to 4, wherein the diluent comprises at

least 10% by weight of the one or more hydrofluorocarbons.

6. The method of any of paragraphs 1 to 5, further comprising heating the
slurry to a temperature ranging from 1°C above to about 50°C above the

instability temperature of the slurry prior to extruding the slurry.



pol ymeri zing one or nore C4 to C7 isoolefins and one or nore conononers in
the presence of a diluent conprising one or nore hydrofluorocarbons in a
reactor operated at slurry polymerization conditions; recovering a reactor
ef fluent compVPHHB ymer product, unreacted nonomer ZAEUCHEG7FUent from
the reactor; extruding the reactor effluent to separate at |east a portion
of the diluent and unreacted nononer fromthe pol yner product; addi ng heat
to the reactor effluent to agglonerate the polynmer; and -31- recycling the
separated diluent and unreacted nononer -¥% the reactor. 20. The method of
par agraph 19, wherein the heat is added to the reactor effluent while the
reactor effluent is extruded. 21. The nethod of paragraphs 19 or 20,
wherein an extruder f &k BRRdieAy of preeraglict E9r6’é‘1hff‘rlelﬂé€ﬁdluémdP’Plé”t?FSI y coupl ed

to the reactor. 22. The-damebbasknefl, amyceffupasiags aphsh. 19 to 21, wherein an
extruder for extruding the reactor effluent is directly coupled to a

ti f heat i pi i el C . . 23. The
section o ea ed&pl plrﬂbngtH@cf céf g[?h(})/ddzf é,ﬁfé\%ﬁyh% pﬂp&,ex%ehe% hllg%ll{l&gg\.gﬁgl

met hod of any of paragraphs 1 A erein the heat is a to one or
more zones of the ext fqgpgres methylchloride.
9. A method for producing elastomers or elastomeric compositions,

comprising:

polymerizing one or more C4 to C; isoolefins and one or more
comonomers in the presence of a diluent comprising one or more
hydrofluorocarbons in a reactor operated at slurry polymerization

conditions;

recovering a reactor effluent comprising polymer product, unreacted

monomer and the diluent from the reactor;

extruding the reactor effluent to separate at least a portion of the diluent

and unreacted monomer from the polymer product; and
recycling the separated diluent and unreacted monomer to the reactor.

10.  The method of paragraph 9, whercin an cxtruder for extruding the reactor

effluent is directly coupled to the reactor.

I1. The method of paragraphs 9 or 10, wherein an extruder for extruding the
reactor cffluent is directly coupled to a section of heated piping that is

directly coupled to the reactor.

12. The method of any of paragraphs 9 to 11, wherein the polymer product is
selected from the group consisting of poly(isobutylene-co-alkylstyrene),

star-branched butyl rubber, butyl rubber, and mixtures thereof.

13.  The method of any of paragraphs 9 to 12, wherein the polymer product

comprises star branched butyl rubber.



24. The nethod of any of paragraphs 19 to 23, wherein separated diluent is
recycled fromthe extruder to the reactor. 25. The nethod of any of

par agr aphs 19 wherein the pol ymer product is selected fromthe group
consi sting ofW§§Wééﬁggbutylene-co-alkylstyrene), star-bfﬁﬁ@ﬁgﬂwﬁﬂ?§l

rubber, butyl rubber, and m xtures thereof. 26. The nethod of any of
paragraphs 19 to 25, wherein the heat is added so that the slurry is
mai nt ai ned at a tenperature ranging from 1C above to about 50C bel ow t he
instability tenperature of the slurry prilr to extruding the slurry. 27.
The met hod of any of paragraphs 19 to 26, wherein the el astonmers or

el astoneric conpositions conprjse at | east one of .
pon(isobuterne-EbaIE§1g?@&@ﬁ%??ﬁﬁﬂﬁ@@ﬁ@?éﬁﬁbyyCﬁ@%ﬁd??F%ﬁ&@%%Q%Ikylstyren
e), star- branched but yhstamebibesmpduisibiegemaiie it daaronbd apeih@dbdsuénglcor ubber ,

butyl rubber, hal ogen d..butyl, rubber, and m xtures thereof. 28. The
nmet hod of any of paraé%gﬁﬁgw&Q %%%%?%dmh§$§$%%§ﬁgaaﬁ¥ﬁgﬁ%m%%nﬁ%lSeS at
| east 10% by wei ght obrarched buiel tbbaphadogypttd oftdr-bondedbbiohsubber, 8@yl 29, The

”Ethod of any of pafaQ&&RE&o%ﬁm&ﬂm%ﬁnm&ﬁﬁﬁ@hﬂnﬁﬁ%mﬁ%fUent conpri ses
1, 1-di f |l uor oet hane, 1,1,1,2-fetrafluoroethane, or both. 30. The nethod of

any of paragraphs 19 to 2%} ereil.n the diluent further conprises nethyl
chl oride. 31. Thewhetﬁgﬁmb(m§ﬁ§wg¥mﬁﬁﬁg§%gﬁ%§“Tmfgtﬁﬁﬁuul%ggfﬁsﬁhe slurry
has a slurry instabil lctsy Q@ ebrpedight efrtee af omnort Balsflugrbethons. 86C.

16.  The method of any of paragraphs 9 to 15, wherein the diluent further

comprises methyl chloride.

17.  The method of any of paragraphs 9 to 16, wherein the diluent comprises

1,1-difluoroethane, 1,1,1,2-tetrafluoroethane, or both.

18.  The method of any of paragraphs 9 to 17, further comprising heating the
slurry to a temperature ranging from 1°C above to about 50°C above the

instability temperature of the slurry prior to extruding the sturry.

19. A method for producing elastomers or elastomeric compositions,

comprising:

polymerizing one or more C; to C; isoolefins and one or more
comonomers in the presence of a diluent comprising onc or more
hydrofluorocarbons in a reactor operated at slurry polymerization

conditions;

recovering a reactor effluent comprising polymer product, unreacted

monomer and the diluent from the reactor;

extruding the reactor effluent to separate at least a portion of the diluent

and unreacted monomer from the polymer product;

adding heat to the reactor effluent to agglomerate the polymer; and



32. The nethod of any of paragraphs 1 to 31, wherein the sluriy has a
slurry instability tenperature of about -40C to about -84C. 33. The nethod
of any of paragraphs 1 to 32, wherein the slurry has a slurry instability

t enper ature of93B¥7445C to about -76C. 34. A systenlfBFrﬁ?%ﬂﬂéﬁﬁb

el astoners or el astonmeric conpositions, conprising: a vessel having a neans
for agitation disposed therein; an extruder directly coupled, at a first
end thereof, to at | east one nozzle di sposed on an upper portion of the
vessel; a first conduit for containing e¥l-flow ng a vapor, the first
conduit in communication with the extruder; and a second conduit for
containing or flowng a liquid, the second conduit in comrunication with
the extruder at a firseychidhe seradilagtend pareipied spong todhg8lhd end t her eof .
35. The system of paragraph 34, further conprising neans for isolating the
vessel fromthe &0t r utlermetBal of Thegsystembefkinphs gt aphld8Utoghe B8ctorf ur t her

conprising nmeans for gantrolkiiRGetOesiRL: ieQsL @Y addition to the extruder.

21.  The method of paragraphs 19 or 20, wherein an extruder for extruding the

reactor effluent is directly coupled to the reactor.

22. The method of any of paragraphs 19 to 21, wherein an extruder for
extruding the reactor effluent is directly coupled to a section of heated

piping that is directly coupled to the reactor.

23.  The method of any of paragraphs 19 to 22, wherein the heat is added to

one or more zones of the extruder.

24, The method of any of paragraphs 19 to 23, wherein separated diluent is

recycled from the extruder to the reactor.

25.  The method of any of paragraphs 19 to 24, wherein the polymer product is
selected from the group consisting of poly(isobutylene-co-alkylstyrene),

star-branched butyl rubber, buty! rubber, and mixtures thereof.

26.  The method of any of paragraphs 19 to 25, wherein the heat is added so
that the slurry is maintained at a temperature ranging from 1°C above to
about 50°C below the instability temperature of the slurry prior to

extruding the shurry.

27. The method of any of paragraphs 19 to 26, wherein the elastomers or
clastomeric compositions comprise at least one of poly(isobutylene-co-
alkylstyrene), halogenated  poly(isobutylene-co-alkylstyrene),  star-
branched butyl rubber, halogenated star-branched butyl rubber, butyl

rubber, halogenated butyl rubber, and mixtures thercof.

28.  The method of any of paragraphs 19 to 27, wherein the diluent comprises

at least 10% by weight of the one or more hydrofluorocarbons.



-33- 37. An elastonmeric conposition produced froma process conpri sing:

pol ynmeri zing one or nore C4 to C7 isoolefins and one or nore conononers in
the presence of a diluent conprising one or nore hydrofluorocarbons to
provide a sl U¥YPY"®HHYi sing the el astomeric conpositi onPCUHIRYEYES nononer
and the diluent; extruding the slurry to separate at |east a portion of the
diluent fromthe elastoneric conposition; and recycling the separated

di luent for polynerizing the one or nore C4 to isoolefins. 38. The

conposi tion of paragraph 37, wherein the¥2el astoneric conposition is
selected fromthe group consisting of poly(isobutylene-co-alkylstyrene),
star-branched butyl rubber, butyl rubber, and m xtures thereof. 39. The
conposi tion of paragr AsHneed of aiye! piipEersi 1Y 0 RE et bndee cQuYsi ti on
conprises star brancheddubrydthantibpap-tetéBuorddi@ng ongasi ti on of any of

par agraphs 37 to 39, wherein the elastoners or elastoneric conpositions

conpr ' se at | ea5t30.0neT}%f method of any of paragraphs 19 to 29, wherein the diluent further
pon(lsobuterne-coaIkylstyrene)fha ogenat edpol y(1 sobutyl ene-co-al |l cyl styre

ne), star- branched but¥ristppey chifdicogenat ed star-branched butyl rubber,
butyl rubber, hal ogenated butyl rubber, and m xtures thereof. 41. The
conposi tion of amy. of Thpancgd aphy o8 Parbgapl] tonifewhdrein thaeludy hyenfurgonpri ses at

lleast 10% by wei ght of 4R, RRErQlrc TP Radddidtoké-pOr OCar bons.

32.  The method of any of paragraphs 1 to 31, wherein the slurry has a slurry

instability temperature of about -40°C to about -84°C.

33.  The method of any of paragraphs 1 to 32, wherein the slurry has a slurry
instability temperature of about -45°C to about -76°C.

34, A system for producing elastomers or elastomeric compositions,

comprising:
a vessel having a means for agitation disposed therein;

an extruder directly coupled, at a first end thereof, to at least one nozzle

disposed on an upper portion of the vessel;

a first conduit for containing or flowing a vapor, the first conduit in

communication with the extruder; and

a second conduit for containing or flowing a liquid, the second conduit in
communication with the extruder at a first end thereof and the vessel at a

second end thereof.

35.  The system of paragraph 34, further comprising means for isolating the

vessel from the extruder.

36.  The system of paragraph 34 or 35, further comprising means for

controlling thermal energy addition to the extruder.



42. The conposition of any of paragraphs 37 to 41, further conprising
heating the slurry to a tenperature ranging from 1C above to about 50C
bel ow the instability tenperature of the slurry prior to extruding the
slurry. 43. fﬁ@zgﬁﬁﬂggition of any of paragraphs 37 to XSTUiHEYETHS t he

di l uent conprises 1,1-difluoroethane, 1,1,1,2-tetrafl uoroethane, or both.
-34- 44. The conposition of any of paragraphs 37 to 43, wherein the dil uent
further conprises nmethyl chloride. 45. The conposition of any of paragraphs
37 to 44, wherein the slurry has a slurt3-instability tenperature of at

| east about -86C. 46. The conposition of any of paragraphs 37 to 45,
wherein the slurry has a slurry instability tenperature of about -40C to

about -84C 7. An elastomeric composition produced from a process comprising:
polymerizing one or more Cs to C; isoolefins and one or more
comonomers in the presence of a diluent comprising one or more
hydrofluorocarbons to provide a shlurry comprising the clastomeric

composition, unreacted monomer and the diluent;

extruding the slurry to separate at least a portion of the diluent from the

clastomeric composition; and

recycling the separated diluent for polymerizing the one or more C4 to Cy

isoolefins.

38  The composition of paragraph 37, wherein the elastomeric composition is
selected from the group consisting of poly(isobutylene-co-alkylstyrene),

star-branched buty] rubber, butyl rubber, and mixtures thereof.

39.  The composition of paragraph 37 or 38, wherein the elastomeric

composition comprises star branched butyl rubber.

40.  The composition of any of paragraphs 37 to 39, wherein the elastomers or
elastomeric compositions comprise at least one of poly(isobutylene-co-
alkylstyrene), halogenated  poly(isobutylene-co-alkylstyrene),  star-
branched butyl rubber, halogenated star-branched butyl rubber, butyl

rubber, halogenated butyl rubber, and mixtures thereof.

41.  The composition of any of paragraphs 37 to 40, wherein the diluent

comprises at least 10% by weight of the one or more hydrofluorocarbons,

42, The composition of any of paragraphs 37 to 41, further comprising heating
the slurry to a temperature ranging from 1°C above to about 50°C below

the instability temperature of the slurry prior to extruding the slurry.

43.  The composition of any of paragraphs 37 to 42, wherein the diluent

comprises 1,1-difluoroethane, 1,1,1,2-tetrafluoroethane, or both.



47. The conposition of any of paragraphs 37 to 46, wherein the sluay has a
slurry instability tenperature of about -45C to about -76C. [0079] Certain
enbodi nment s ang t ures have been described using a set of nunerical upper
linmts and a ¥ 3“8 WMerical lower limits. 1t shoul d b&CHAYFT&EPAYRd t hat
ranges fromany lower Iimt to any upper limt are contenpl ated unl ess
otherwi se indicated. Certain lower limts, upper limts and ranges appear
in one or nore clainms below. Al numerical values are "about" or

"approxi mately" the indicated value, and3ake into account experi nment al
error and variations that would be expected by a person having ordi nary
skill in the art. [0080] Various terns have been defined above. To the
extent a term usel i nT8 CmapHior &f 413! reeeiaphsd’ SiSyvehersin the g direr gi ven t he
broadest definition pemgomns metytdieriggerti nent art have given that term as
reflected in at | east one printed publication or issued patent.

Furthermore, all pat emﬁéoomm%nrai%e(q'rwﬁ%aphasmtoaiuh@ﬁeléip@i@@m; fasGl t€d in
this application are fully incorporated reference to the extent such

di scl osure i s not |ncﬂH§P§¥%ﬂﬁyWWT?WW%P%“%ﬁb#P@G%iSn and for al
jurisdictions in which such incorporation is permtted. [0081] Wile the
foregoi ng i s dir ettt edThecompiyodh wEmyf pfradripbs pf @siénvhadiis the elsuy fas aot her and
further enbodi nents ohm%h%mgh§@&8§y&§eg@@mpewq§Mh§ﬁg8wk§hout departing from

t he basi c scope thereof, t'he scope thereof is determ ned by the clains
t hat foll ow ai s.clai | r oduci ng
el ast oners or elagiongﬁf”mgmanOf?V gmar%hﬁﬁ% ﬁgWhmmq%ﬁ%PH%i%d‘one or

nore C4 to C7 |soolefﬂwgﬂmmwﬂMGfmwmﬁemdeb@ﬁ‘équhm$nﬁﬁﬁbnpr|5|ng one or
nore hydrofl uorocarbons in a reactor operated at slurry polymerization
condi tions; recovend ngeﬂ‘amom&hiaieﬁtea&i Bhtured hli\%a%EIDHesafifeh WeiRE 2GeNET i Sing a

SIO: ﬁgﬁ[ pr OdUCt ai'lrllr%el?édf up 61 (ijlmll’tﬁeadl(i: a set r(ngllllnlilerl]?cgf lowel rms eqt m&gr{%r and the

appreciated that ranges from any lower limit to any upper limit are contemplated
unless otherwise indicated. Certain lower limits, upper limits and ranges appear
in one or more claims below. All numerical values are “about” or
“approximately” the indicated value, and take into account experimental error and

variations that would be expected by a person having ordinary skill in the art.

[6080] Various terms have been defined above. To the extent a term used in a
claim is not defined above, it should be given the broadest definition persons in
the pertinent art have given that term as reflected in at least one printed
publication or issued patent. Furthermore, all patents, test procedures, and other
documents cited in this application are fully incorporated by reference to the
extent such disclosure is not inconsistent with this application and for all

Jjurisdictions in which such incorporation is permitted.

[0081] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure can be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims

that follow.



heating the reactor effluent to maintain the reactor effluent at a
tenperature ranging from 1C above to about 50C above the instability
tenperature of the reactor effluent; extruding the heated reactor effluent
to separate at |east a portion of the liquid reaction nediumfromthe

pol ymer product; and recycling the separated liquid reaction nediumto the
reactor. 2. The nmethod of claim1l, wheygein an extruder for extruding the
reactor effluent is directly coupled to the reactor. 3. The nethod of claim
1, wherei nClimext ruder for extruding the reactor effluent is directly
coupled to a section of heated piping that is directly coupled to the
reactor. 4. The nmethod of claim1l, wherein the polyner product is selected

fromthe gwoapiscigedist ng of pol y(i sobutyl ene-co-al kyl styrene),
star-branched butyl rubber, butyl rubber, and m xtures thereof. 5. The
met hod of claim 11, wherein the elastoners or elastoneric conpositions

ol y(i sobutyl end e By PR S R e R Gena oo
6 polymerizing one or more C4 to C; isoolefins in the presence of a diluent
comprising one or more hydrofluorocarbons in a reactor operated at slurry
polymerization conditions;
recovering from the reactor, a reactor effluent comprising a polymer product
and a liquid reaction medium of unreacted monomer and the diluent;
heating the reactor effluent to maintain the reactor effluent at a temperature
ranging from 1°C above to about 50°C above the instability temperature of the
reactor effluent;
extruding the heated reactor effluent to separate at least a portion of the liquid

reaction medium from the polymer product; and

recycling the separated liquid reaction medium to the reactor.

2. The method of claim 1, wherein an extruder for extruding the reactor effluent

is directly coupled to the reactor.

3. The method of claim 1, wherein an extruder for extruding the reactor effluent
is directly coupled to a section of heated piping that is directly coupled to the

reactor.

4. The method of claim 1, wherein the polymer product is selected from the
group consisting of poly(isobutylene-co-alkylstyrene), star-branched butyl

rubber, butyl rubber, and mixtures thereof.

S. The method of claim 1, wherein the elastomers or elastomeric compositions
comprise at least one of poly(isobutylene-co-alkylstyrene), halogenated

poly(isobutylene-co-alkylstyrene), star-branched butyl rubber, halogenated



star-branched butyl rubber, butyl rubber, hal ogenated butyl rubber, and

m xtures thereof. 6. The nmethod of claim1l, wherein the diluent conprises
at | east 10% by wei ght of the one or nore hydrofluorocarbons. 7. The net hod
of claim1, wherein the diluent further conprises nethyl chloride. 8. The
met hod of claim11, wherein the diluent conprises 1, 1-difl uoroethane,

1,1,1, 2-tetrafl uoroet hane, or both. 9.346lhe nethod of claim8, wherein the
di luent further conprises nmethyl chloride. 10. The method of claiml,

wher ei n t he heattar-ragehgd dbytyl trhleboreRutybrrugber twhagensied ebutie rulbgst and
effluent is eXHBHgﬁgsﬂ%ﬁP The met hod of claim 10, wherein the heat is added
to one or nore zones ﬁe extruder. 12. The method of claim1, wherein
the separated diluent is recycled fromthe extruder to the reactor. 13. The
met hod of claimy1, wherein the effluent has an instabil ﬁgtenperature of

at |east about I'gewecthed of vhym detthstrinthocdilpmh compriset & lfst ARk Pt has an
instability tenpepabil & fbre hydrofluorocarbons.

7. The method of claim 1, wherein the diluent further comprises methyl chloride.

8. The method of claim 1, wherein the diluent comprises 1,1-difluoroethane,

1,1,1,2-tetrafluoroethane, or both.
9. The method of claim 8, wherein the diluent further comprises methyl chloride.

10. The method of claim 1, wherein the heat is added to the reactor effluent while

the reactor effluent is extruded.

11. The method of claim 10, wherein the heat is added to one or more zones of the
extruder.
12.  The method of claim 1, wherein the separated diluent is recycled from the

extruder to the reactor.

13. The method of claim 1, wherein the effluent has an instability temperature of

at least about -86°C.

14.  The method of claim 1, wherein the effluent has an instability temperature of

about -40°C to about -84°C.

15.  The method of claim 1, wherein the effluent has an instability temperature of

about -45°C to about -76°C.



about -40C to about -84C. 15. The nethod of claim1, wherein the effluent
has an instability tenperature of about -45C to about -76C. 37 16. The
nmet hod of claim 1, wherein polynerization occurs at a tenperature bel ow t he
slurry instability tenperature by at |east an anpunt selected fromthe
group consisting of 1C, 2C, 3C, 4, 5C, 10C, 15C, 20C and 50C. 17. The
nmet hod of claim 1, wherein the polynergzation occurs at a tenperature bel ow
the slurry instability tenperature.

The method of claim 1, wherein polymerization occurs at a temperature below

the slurry instability temperature by at least an amount selected from the group

consisting of 1°C, 2°C, 3°C, 4°, 5°C, 10°C, 15°C, 20°C and 50°C.

17.  The method of claim 1, wherein the polymerization occurs at a temperature

below the slurry instability temperature.



