"V\D.'2006/ 009553 PCT/ US2004/ 020164 1 PROCESSES UTI LI ZI NG EXTRACTI VE

DI STI LLATION FI ELD OF | NVENTI ON [ 0001] The invention rel ates to 'rret hods for
separ at i ngvoHosébieEss conmponent s such as reactor effluent

. d .. .l
.particular, the inveniion relates to the use of an extrac( Irve agenf such as

a hydrocarbon in an extractive distillation process to separate nonomers
such as a C4-C7 isoolefins such as isobutylene fromm xtures such as
reactor effluents including one or nore hydrofluorocarbon(s) (HFC).
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and its copolynerization with conononers |like isoprene is rrechani stically

» conplex. See, e.g., Oganic Chem stry, SIXTH EDI TION, Mrrison and Boyd,

Prent i ce- HAFIELD Oodu¥VIMBIONENngl ewood i ffs, New Jersey 1992, and K
Matyj aszewski, ed, Cationic Polynerizations, Marcel Dekker, Inc., New York,

© 1996. The catalyst systemis typically conposed of two components: an

initiator apdo 08 Lewi STREI thvenfirPMRIASs Ofp LAMIRJRCiES kéj'ﬁ{ét'iﬂg %&&?r and BF3.
Exanpl es of initiators include Brensted acids such as HC, "RCOOH (wherein R

is an al kylcoyupmejis sl ds2@actoDeffluegt tchmppmtnysrrerlnzmrtwdaq;)rthcmnnnn what is

generally referred.to as _the initiation i sobutyl ene reacts. with the
Lewi s aci d/lieIﬂt‘ﬁ tor e Yssiof apFRtragiivr aeent @‘éﬁ?}b@g?mdr‘i’ onCRy #hEFFRFIVEddi ti onal

MONOMEr  UNi §igiy ?a‘i‘ﬂmegroE% 104 tec‘ﬁ{d?x%ﬂie h&ﬁa g - tlsbéleﬂﬁé‘g{@t a¥ called

t he propagation st ese steps typi ca 'y take pl'ace 1n a ent or
sol vent. Teispartplet¢ efrordi nirtmtes pmichrast yeactordefflmentse incbniingafohe cor tnivare

chem stry of r gpagatj on. (g hese, the diluent is typically considered
i hpor t ant . )[f'([;@%@m?aﬁ%?}gﬁ)r Fﬁés general ly accepted wi despread use of a

slurry polynerization process (to produce butyl rubber, polyisobutylene,
etc.) in the diluent nethyl chloride. Typically, the polynerization process
ext ensi vel yBASBIGROUNIDG6/ 009553 PCT/ US2004/ 020164

[0002] Isoolefin polymers are prepared in carbocationic polymerization
processes. The carbocationic polymerization of isobutylene and its
copolymerization with comonomers like isoprene is mechanistically complex.
See, e.g., Organic Chemistry, SIXTH EDITION, Morrison and Boyd, Prentice-Hall,
1084-1085, Englewood Cliffs, New Jersey 1992, and K. Matyjaszewski, ed,
Cationic Polymerizations, Marcel Dekker, Inc., New York, 1996. The catalyst

system is typically composed of two components: an initiator and a Lewis acid.
{ | Examples of Lewis acids include AlCl; and BF;. Examples of iniﬁafors include
Brensted acids such as HCl, RCOOH (wherein R is an alkyl group), and H;O.
During the polymerization process, in what is generally referred to as the initiation
step, isobutylene reacts with the Lewis acid/initiator pair to produce a carbenium
ion. Following, additional monomer units add to the formed carbenium ion in
what is generally called the propagation step. These steps typically take place in a
diluent or solvent. Temperature, diluent polarity, and counterions affect the

chemistry of propagation. Of these, the diluent is typically considered important.

[0003] Industry has generally accepted widespread use of a slurry
polymerization process (to produce butyl rubber, polyisobutylene, ete.) in the

diluent methy] chloride. Typically, the polymerization process extensively uses



2 methyl chloride at |ow tenperatures, generally |ower than -90C, as the, .
diluent for the reaction mxture. Methyl chloride is enployed for a variety,

of reasons,.  including that it dissolves the nononers and al um num chloride - °

cat al yst MRAYHYESS he pol ymer product. Methyl chloride BFEQSPM4/02I6t abl e
freezing and boiling points to permt, respectively, |ow tenperature

pol yneri zation and effective separati 0?1 fromthe polynmer and unreacted
nononers. The slurry polynerization process in nethyl chloride offers a
nunber of additional advantages in that a polyner concentration of

appr oxi mat eieghy? hlotide 37Rbgmpetatures, ig&nex‘aﬁy icemttham -MFEt am the ddaentlfer achi eved,
as opposed to the concentration of only ab t écf[o 12%in solution
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processes il podyrhst prﬁ'ﬂlhcﬁr Mighyroblotidecildorhak baitgble freeting and boiling poities ecul ar

wei ght  pol yi sohutyl ene and i sobutyl ene- |soprene butyl rubber polyners.
Li kewi'se  BOPSHEh iTesRerdYRIY.olow ?@m@m@m@ umerigation. and: effgctivg sepIali¢ al so

conduct ed gg; g;(, bber is
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exanpl e, the tendency of the polyner particles in the reactor to

aggl oner at eongentiatéanc pf @pmemrmtdyaﬁ%éw Pé¥e bypyolurae nlreéhq mactioi mixture at
transfer surf gces adthe ,tato / g rate of
aggl oner at “Gh Fﬁ&?‘& ﬁ%%lt r‘é%{'c?F'il Otne?ﬁ)éﬁg &%é%-lia 8? oner.at ed
particles ggladod Op@sihﬂhgaﬁ@ andAgr aweptableP relhBvel tlcsw aisboﬁtyrfﬁceﬁet hey
contact, such as reactor discharge |ines, as we as any heat transfer

equi prent  pelymgrigation mafsngn@bt@ute censpling ethei heahe%ﬁ PQID’HWZ%%IF it9abg on, which
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circul ati on rate E)row ded by a The pol yneri zation and the
ene and 1sobutylene-1soprene butyl rubber polymers Likewise '

punp bot h polyisobuty
polymerizations of isobutylene and para-methylstyrene are also conducted using

methyl chioride. Similarly, star-branched butyl rubber is also produced using

methyl chloride,

{0004] However, there are a number of problems associated with the
polymerization in methyl chloride, for example, the tendency of the polymer
particles in the reactor to agglomerate with each other and to collect on the reactor {
wall, heat transfer surfaces, impeller(s), and the agitator(s)/pump(s). The rate of
agglomeration increases rapidly as reaction temperature rises. Agglomerated
particles tend to adhere to and grow and plate-out on all surfaces they contact,
such as reactor discharge lines, as well as any heat transfer equipment being used
to remove the exothermic heat of polymerization, which is critical since low

temperature reaction conditions must be maintained.

[0005] The commercial reactors typically used to make these rubbers are
well mixed vessels of greater than 10 to 30 liters in volume with a high circulation
rate provided by a pump impeller. The polymerization and the pump both

generate heat and, in order to keep the slurry cold, the reaction system needs to



‘generate heat and, in order to keep the slurry cold, the reaction system
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" needs to WD 2006/ 009553 PCT/ US2004/ 020164 3 have the ability to renove the
heat. An\gsal@@oah such a continuous flow stirred tanli,cr.‘?ﬁgqugfngﬁ'&FSTR")
re

is found in U S. Patent No. 5,417,930, incorporated by erence,
hereinafter referred to in general as g "reactor” or "butyl reactor”. In
these reactors, slurry is circulated through tubes of a heat exchanger by a
punp, while boiling ethylene on the shell side provides cooling, the slurry
t enper at ur ' : r.m e L1 t he

roqui red. nateeh Sl S PRI amhebl a R BlarkitR F Ll FOGERRERBR Tt e
slurry si dejank heach@al' CESTRAN@efound bh A ePatertoNoe SV OBY, worpuhtad dypol yner,

. inhibiting heat transfer, which would tend to cause the slurry tenperature

to rise. Thieteromaee heteingfies raferrechionin gangral 45 @ gactelo b oramion’ hdn can be
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accunul at i ophil@botdideretideiecss @k sHliSEde @vid%ﬁtcaﬁliﬁg,(tﬁel@fhrﬁsteﬁl atiat ent  No.
2,534,698, U.S. Patent No. 2,548,415, U S. Patent No. 2, 644, 809 However ,

these pat enbeing delermined bydhe boibing|ephylentr temperpturpethayequiredoheas fluls| aads
associated ,wth I r rticle aggl oneratign for.inplenenti a desired
comer ci al ﬂiﬁ_r%vc%a?g.rélsirsg%ﬁgﬁo lﬁ\_egt: %ﬁ% nt E%p.ﬁngggg,%%r{g? g‘fﬁgg?é%{%nﬁ{t er alia,
a pol yneri z@irfa@Bs ploRGSIvelyGRERhhRteSbIyMer, MHEPRing Heht €A M wehld

di spersing a m xture of Tisobutylene and a ‘pol yol efin having 4 to 14 carbon

atons per nehédukayseithe slugry thiogsratiire o fisesoThiseficudimits theeptactidap Blaryc

hydr ocar bon_cont ai ni mat eri al. wi t hout  supst | sql uti,on therein, in
the. or opor  FaReBr ot Gah B ied bt ipeteB BRCED (0707 VlipbioR BN ¢t e
al i phati ¢ hgdreGRLERMe VB IIFFO MINAR, Akl TArKSctéR hRBnRED TFhe RibjedRIfeCcuUl e
which is liquid at the polynerization tenperature and polynerizing the
di spersed npolymmer agfunidaivmt hasdwen addregsofl o several patenthutibas U.8. Padentt een

carbon at l e at te t - -164C by the
carbon 2L, 2554 BBk 54! Fyahs NGTRRNENY FESPERURR, 206 88 AGIC Y (he
the suitabl @esd hatOAta3RAYE AnSatidRIstHily @8Mebseldthe Myrii¥BSsT probYdhse Hsotiatedt he -
monomer, cononoirer

with polymer particle agglomeration for implementing a desired commercial

process.

[0006] U.S. Patent Ng. 2,534,098 discloses, inter alia, a polymerization
process comprising the steps.in combination of dispersing a mixture of
isobutylene and a polyolefin having 4 to 14 carbon atoms per molecule, into a
body of a fluorine substituted ‘aliphatic hydrocarbon containing material without
substantial solution therein, in the proportion of from one-half part to 10 parts of
fluorine substituted aliphatic hydrocarbon having from one to five carbon atoms
per molecule which is liquid at the polymerization temperature and polymerizing
the dispersed mixture of isobutylene and polyolefin having four to fourteen carbon
atoms per molecule at temperatures between -20°C and -164°C by the application
thereto a Friedel-Crafts catalyst. However, '698 tecaches that the suitable
fluorocarbons would result in a biphasic system with the monomer, comonomer
and catalyst being substantially insoluble in the ﬂuorocarboﬁ making their use

difficult and unsatisfactory.



and catal yst being substantially insoluble in the fluorocarbon making their
use difficult and unsatisfactory. W 2006/ 009553 PCT/ US2004/ 020164 4

[ 0007] L{}i )P%tent No. 2,548,415 discloses, mater alia, a continuous

pol yneri YR 3%88M5PYcess for the preparation of a copol ynBET/USRRO42¢464
conprising continuously delivering to a polynerization reactors a stream
consisting of a major proportion of i%obutylene and a ninor proportion

i soprene; diluting the mxture with from1/2 volunme to 10 vol unes of

et hyl i dene difl uori de; co?ol ymerizing the m xture of isobutylene isoprene
by the conl08Tbus addi-Bi Satans Nehd, ¥8d5i disclasss, uinteroplia, Ri eRNtAOUS eam of

previ ously epar | rg ' cat al yst  consi st | a:Lrifluoride
in soluti OH&&HP%I? ﬁ@?rfgre&r{fg&déof I%]lijéo ﬁ%a%r,af}orrlm r?t%qpr%i]_ ert Hb%g%tggnsp%o?ﬁ_aﬁﬂ?%g bet ween
-400C and cditgfaotily odlivetihg ttbea @Bynﬁeeiz_aﬁ&mbmsl Zairkan dopestih®of a- - - :
'415 teaches the use of boron trifluoride and its conplexes as the Lew s

acid cat al gejoraprdpartiondpf isobutylennand agnigop pedpriien isoposnst dduting . thahi s
comnbi nati on.provid syst,.em i,n which_ fhe catalyst oner,.~and, conononer -
are all sofUBMEe aﬂﬁﬁygﬁo t\t/ﬁl valpms 48 ébhivﬁ Mg eé@?ﬁ%@eyﬁéﬂum}c}%ol ubility

to captur ec&ﬁlﬂyﬁ@ﬂﬁhggﬁe ﬁﬁxt{xﬁdd{q%tﬁﬁ@ﬁé lfébplfeﬁb' :b'glrrtﬁe c6IRNRBAS adBGHR R0

trifluoride is"not a"preferred commercial catalyst for butyl polymers for a
vari ety other smstors mix0008f aligiidPstteamt oRiprevipesiy Basired polyossrizativer alia, a
pol ymeri zati o '
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P ouut e - acadlst RoRSiShaE aiohoron. iingrde: i SRutdy; iy digess dilafide 0o
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of from1l to 10 vol unes éco.rrputed upon the mxed olefins) of a liquid
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insolubility to capture the benefits of reduced reactor fouling. However, boron

trifluoride is not a preferred commercial catalyst for butyl polymers for a variety

of reasons.

[0008] U.S. Patent No. 2,644,809 teaches, inter alia, a polymerization
process comprising the steps in combination of mixing together a major
proportion of a monoolefin having 4 to 8, inclusive, carbon atoms per molecule,
with a minor proportion of a multiolefin having from 4 to 14, inclusive, carbon i
atoms per molecule, and polymerizing the resulting mixture with a dissolved
Friedel-Crafts catalyst, in the presence of from 1 to 10 volumes (computed upon
the mixed olefins) of a liquid selected from the group consisting of
dichlorodifluoromethane, dichloromethane, trichloromonofluormethane,
dichloromonofluormethane, dichlorotetrafluorethane, and mixtures thereof, the
monoolefin and multiolefin being dissolved in said liquid, and carrying out the
polymerization at a temperature between -200C and the freezing point of the
liquid. '809 discloses the utility of chlorofluorocarbons at maintaining ideal slurry
characteristics and minimizing reactor fouling, but teaches the incorporation of
diolefin (i.e. isoprene) by the addition of chlorofluorocarbons (CFC). CFC's are

known to be ozone-depleting chemicals. Governmental regulations, however,



‘pol ymeri zation at a tenperature between -200C and the freezing point of the
liquid. '809 discloses the utility of chlorofluorocarbons at nmaintaining

i deal sl wgpHyoosmiaedsact eri stics and mnim zing reactor foyld caches
“the incorporation \of diolefin (i.e. isoprene) by the agJ&:T?%OZO '@#20}63

.chl orof | uorocarbons (CFC). CFC s are gnown to be ozone-depleting chem cals.
Governnent al regul ati ons, however, WO 2006/ 009553 PCT/ US2004/ 020164 5
tightly controls the manufacture and distribution of CFC s naking these

materials unattractive for co [ Cl rati J0009] Additionally,

That er - w Ay foBfrbls e phu SR hid BortBRGR b e ke SRR ERES: Ut at i on
Copol yrer s gfatt2898 for! @Ana0R1 Spatitgat ed Di enes,  49(4) Rubber Chem cal

. Technol ogy, 960 (1976), discloses, inter alia, the cationic slurry

pol ymeri zati on of copolymers of isobutylene with isoprene (butyl rubber)
and with cy, ent adi .1 N _heptane. 01 heg ogeneral. b round
- references lﬂ“@sﬂude V\Dgagllngﬁ 4%r, %%9@&%@“@0@?@4?@' ﬁ&gcfg‘ﬁ“m 727 A,
U'S. Patentydiasy Bh28nSifarion Cpbl DheRAdR. dAB ORI Bhssef o e,
finding alternativ d??uen?szoor(gb%l év%ss 8? di | Ggr;ts to créate new
pol yner i zat49¢4) Rylstee iGhentiet] Teohnodogys 86¢ €1 374).t disdlesesgglen méimathie @atioxdad/ or

reduce the anmpunt, of chl.orinated hydrqcarbons such as methyl chloride is
desi rabl e. W?PIYFEFG}ZB'F‘P%B? aeaﬁm%@ QtH PG WD Ispprene m)@!nlalIb &

currently Ua?ﬁ‘ivitl?éy«??(‘iﬂ’én‘iéﬁ'i’éiﬁ B‘B}aﬁﬁ(né.” endly refrigerants because they have a

very low (even zero) - ozone depletion potential. Their | ow ozone depletion
potential is thought to be related to the |ack of chlorine. The HFCs al so

typically h | ow f 1l bilit articularly as co t d ar bons
ahd chlori n_@ﬁ@ hydr oég{%cﬂ‘@fimflbﬁ%ﬂ‘?‘ﬂgv&@%ﬁ%’eﬁ H@?&WWM’% _

pol ymeri Zamﬂ%%%%é}e%ﬂm%ﬂ ge‘ﬂ% fis! ﬁﬁﬁdA,”QJ.gﬁ‘Fa&%tN&Q'S{@%ﬁqﬁ,‘t' on or
downstrea processes that wou accommodate for such new technol ogy.
[0014] Amongy5318T0,pad B3:4¥0l3er i zat i on or "downstreanm! processes are

[0011) Therefore, finding alternative diluents or blends of diluents to
create new polymerization systems that would reduce particle agglomeration
and/or reduce the amount of chlorinated hydrocarbons such as methyl chloride is

desirable.

[0012] Hydrofluorocarbons (HFCs) are of interest and are currently used
as environmentally friendly refrigerants because they have a very low (even zero)
ozone depletion potential. Their low ozone depletion potential is thought to be
related to the lack of chlorine. The HFCs also typically have low ﬂaminability

particularly as compared to hydrocarbons and chlorinated hydrocarbons.

[0013] However, the use of HFCs in polymerization processes would
require finding new post-polymerization or "downsiream" processes that would

accommodate for such new technology.

[6014]) Among such post-polymerization or "downstream" processes are
methods for separating reactor effluent components after polymerization. In
particular, post-polymerization reactor effluents may contain components that

need to be removed before the reactor effluent may be recycled to the



met hods for separating reactor effluent conponents after polynerization. In
particul ar, post-polynerization reactor effluents may contain conponents . )
t hat neﬁg)g%@ Qe_[em)ved before the reactor effluent mai) be recycled to the -
WO 2006/ Y& US2004/ 020164 6 pol ymeri zati on pr oc8ET/ULHMARNKDI e,
unreacted nononers may forman azeotropic mxture or azeotrope-like m xture -
with diluent conponents such as HFCs.6[0015] Azeotropic mnixtures or :
azeotrope-li ke mxtures involving HFCs in other areas have been encountered
in the past. See, e.g., US. Patent Nos. 5,087, 329,.5, 200,431, 5,470,442,

5, 723, 429, pblyrdetizadon 180836, 3X%r 6gabfifs.16areacted 30ipnoasrs enH2 fogh7anand EP 1
003 699 B. [0016] In contrast, in ﬁﬁ%nve ti on“gh cggt@\él rubber pol yneri zati on,

i sobut y| enBZSOPPHe TS AT 3EetoPadikg ERYE Y b COMRONGHY SEHUES can be
separated ggghd y by conventional distillation. It has been found, however,
that. both 1,1,1,2 tetrafluoroethane ("Rl34a") and 1,1 difl uoroethane
("R152a") form maxi mum boiling azeotropes with isobutylene. Thus, the

recovery of certain HFCs wi thout post pol i zati on .unreact m)nomaré
such as | SEMAS) ene HyZeOTPRIBIEEY. P #25PIFGRF-Tike AUREGSEvBIvane ﬁgﬁm Post

pol ymer i Zabhﬁgre[r?%ghﬂe B{téﬂ %ﬁgﬁ&té}éﬁgﬂ%yﬁkgrﬁei 3 .u.t{}'.g.eﬂﬁtenf‘;l@osmt usabl e

as carriers catalyst system due t pol yitetrization o cont ai ned

i sobut yl end,087(3% ScI004311 &6,4T0044 a5, 728,420 d5, 744,662, AB361325] duS6ckdlect s this
has on cat alﬁt system qual i it is essential to have a nmethod for

ty. Thus, it
recover i ng %30, HAC8,587-241. ﬂné%’tl 80%699 Bon of the HFC from t he

post - pol yneri zation reactor effluent before it may be recycled as a diluent
into the polynerization process. [0018] Therefore, finding new nethods to
separat e p¢eotrg)ol ynerlhz ajohirast, r BACt@ivesiiddall e butyd onpbbant polymetizaionynr eact ed
nononers such as isobutylene is _desirable. SUMVARY OF THE | NVENT] ON

isobutylene and methyl chloride do not form an azeotrope, and thus can be

. separated easily by conventional distillation. It has been found, however, that.

both 1,1,1,2 tetrafluoroethane ("R134a™) and 1,1 difluoroethane ("R152a") form

maximum boiling azeotropes with isobutylene. Thus, the recovery of certain

HFCs without post polymerization unreacted monomers such as isobutylene by

simple distillation is not possible.

[0017] Post polymerization reactor effluents having HFCs and isobutylene
are not usable as carriers for the catalyst system due to the polymerization of
contained isobutylene before entry to the reactor and to the deleterious effects this
has on catalyst system quality. Thus, it is essential to have a method for i
recovering the HFCs or at least a portion of the HFC from the post-polymerization
reactor effluent before it may be recycled as a diluent into the polymerization

process.

[0018) Therefore, finding new methods to separate post-polymerization
reactor effluent components such as unreacted monomers such as isobutylene is

desirable.

SUMMARY OF THE INVENTION



.'V\D.'2006/ 009553 PCT/ US2004/ 020164 7 [0019] The invention provides for
nmet hods for separating m xture conponents such as reactor effluent

conponentywo osspagski cul ar, the invention provides for rﬁdbggﬁny(ﬂ'{)p an
_extractive agent such as a hydrocarbon in an extractive di s |f ation

-process to separate nononmers such as isobutylene from m xtures such as
reactor effluents including one or nore hydrofluorocarbon(s) (HFC). [0020]
Additionally, an extractive distillation systens and process can be wused to

2"a hydr ocliBg8h stonThE ikl sPouths J5F ARl alan e AR T an
embodi nent , cdfiforieftéedtich AR REQYE SeFudn rcpﬁatpﬁﬁélﬁgd IROpAHi L k) Gthe GRVUNEBRI NY an

+ extractive agent with a mxture, the m xture conprising at |east one
mononer andp@vilies fenmeatndsr using gnogrdragiivarpgenthsughods adiyssesdbon &) anto form a

contact prodyct.. 0 .l n_the previous enbodi nents, subsegquent to
. Gont acti g GHERYHANCERENE o FeT 4E SREATSt TEORUHP AP B P o
essent iral | ydfifi8Rs Qlch RS rédctdrealue? Einclﬁ_H’i'ﬂE N&ie of $o28Ihylfbfhideoddrpnigus
enbodi ments, subsequent to contacting with the extractive agent, the

cont act pro€Hit€).may conprise fromless than 100 wopm of the at |east one
nononmer. [0024] In the previous enbodi nents, subsequent to contacting with
the extractive agent, the contact product nay conprise fromless than 30

wppm of t he[(méb] | east Aﬁﬂﬁioﬁ?lﬂﬁtrﬁﬁlrexn[a%&isﬁl'i‘atidﬁesg@gc% AP RERRLLARAL S,

subsequent to contacting w e. extractive agént, the contact product may
conpri se fr osadite separite isobutybge fodm tRi84a at Rl162s hising an rextracteve. agéft A6/ 009553

PCT/ US2004/ 020164 8 (;002}?] ln t he previous.enbodiments, subsequent to -
contacting H? q:H@rb n suchas hexane or a mixture of hexane 1somers.

[0021] In an embodiment, the invention provides for a method comprising
contacting an extractive agent with a mixture, the mixture comprising at least one
monomer and a diluent comprising one or more hydrofluorocarbon(s), to form a

contact product.

[0022] In the previous embodiments, subsequent to contacting with the
extractive agent, the contact product may be essentially free of the at least one

monomer.

( [0023] In the previous embodiments, subsequent to contacting with the
extractive agent, the contact product may comprise from less than 100 wppm of

the at least one monomer.

[0024] In the previous embodiments, subsequent to contacting with the
extractive agent, the contact product may comprise from less than 30 wppm of the

at least one monomer.

[0025] In the previous embodiments, subsequent to contacting with the
extractive agent, the contact product may comprise from less than 5 wppm of the

at least one monomer.



extractive agent, the contact product may conprise fromless than 2 wppm of
the at |east one nononer. [0027] In the previous enbodi nents, subsequent . to
cont acti g\ggwith the extractive agent, the contact product nay be free of ’
the at | 3PS Hnomer. [0028] In the previous embodiREIMIS2004F20164
extractive agent may conprise at |east one hydrocarbon. [0029] In the

previ ous enbodi nents, the at | east one8hydrocarbon nay conprise at |east -
one al kane. [0030] In the previous enbodi ments, the at |east one al kane may
conpri se hexane, heptane, or m xtures thereof. [0031] In the previous
enbodi ment §1026he hexdneherpyeviauspembedimenesy anbseqaad/ tor contacting esitihfthéexane

i soners. [0032]. In any of the prﬁvi ous enbodi nents, the ratio of_ the
extractive® £ agent; Hie qaptagprodpet may sPmpHst Trgnpless thap @ wppmofthe: 0. 2 on a

nol ar basi y of the previous enbodi nents, the ratio of the .
extracti Veﬁtlgé%%ﬁg%dr{&ﬁrgeﬂdi | uent is fromabout 0.3:1.0 to about 1.0:0.3 on a

nol ar basis. [0034] In any of the previous enbodi nents, the ratio of the
extractive agent to the diluyent is fromabout 0.5:1.0 to about 1.0:0.5 on a-
nol ar basi $0027h035] IR thepreyaoushempeditientss sebsquetieat epntachiag raith ghef t he

ol ar- basi SCHET abioBE Bl sth N AREH o8 ot lpt BB ot (e 7" °

previ ous enbodi ments, the extraction agent has a volatility equivalent to
hexane. [0037] In any of the previous enbodi nents, the at |east_ one nononer
is a C4-Ci002Z8ol ef i An thopresipous pmbadinmsnngs, tkaexteashivriaganh maydempose @Y

i sool efin iless{'rso uf_‘#l‘:%nﬁ [0039] In any of the previous enbodi nents, the

mxture is @ rEEPEFOLIF uent . [ 0040] In any of the previous enbodi nents,

the m xture is an azeotrope-

[0029] In the previous embodiments, the at least one hydrocarbon may

comprise at least one alkane.

[0030] In the previous embodiments, the at least one alkane may comprise

hexane, heptane, or mixtures thereof.

[0031] In the previous embodiments, the hexane may bomprise n-hexane

and/or mixtures of hexane isomers.

[0032] In any of the previous embodiments, the ratio of the extractive
agent to the diluent is from about 0.2:1.0 to about 1.0:0.2 on a molar basis. {
[0033] In any of the previous embodiments, the ratio of the extractive

agent to the diluent is from about 0.3:1.0 to about 1.0:0.3 on a molar basis.

[0034]  In any of the previous embodiments, the ratio of the extractive

agent to the diluent is from about 0.5:1.0 to about 1.0:0.5 on a molar basis.

[0035] In any of the previous embodiments, the ratio of the extractive

agent to the diluent is from about 0.7:1.0 to about 1.0:0.7 on a molar basis.



“I'ike m xture. [0041] In any of the previous enbodinents, the mxture is an
" azeotropic mixture. [0042] The extractive distillation process may involve
a two colgmgesdbdsangenent wherein the extraction of unrq,?:cr%&g ‘W"gﬁ( rs such
_as isobutylene takes place in a first colum and the purifi ) 0f the
-extractive agent takes place in a secgnd colum. [0043] The extractive
distillation process may alternatively involve a one colunmnm arrangenent
wherein both the extraction of the unreacted nonomer and the purification

of the extr Lhve agent tak | ace in si.ngle colunm. .In an enbodi nent,

the extr actllﬁ@%d]di stil lh??yoﬁgz@‘gpﬁ%‘%neﬁ?qfosdé@g‘gﬁ’eﬁ’fo‘f%t,m%tag?@aﬁs Bne

condensi ng x4k BQkivaldRttodexiRast one vapori zing exchanger. [0044] The

. invention also provides for an azeotropic m xture conprising 1,1,1,2

tetrafl uoroet hane and isobutyl ene at about 0.84 nole fraction 1,1,1,2
tetrafl uor ne at about C and at abqut 0.88 le fraction 1,1,1,2

- tetrafl uor %b‘ﬂﬂne at tOﬁg@rwu’éGB%QaBWg%%‘?D%%F%?%E?@?mAS 410 [0045]

In yet, anotter, gehedhment, the invention provides for an azeotrgpe-like

m xture conprising 1,1,1,2 tetrafluoroethane and isobutylene in the range
from about 0.750 to about 0.999 nole fraction 1,1,1,2 tetrafl uoroethane at

about 25C bout 75C, [0046] In yet anpther, enbodi nent, the invention
provi des fgﬁg%fﬁ azeoﬁ#@ﬁ?@vfﬁ‘%teﬂ’rb@g%rt?‘%Eﬁ'&"ﬁ@?‘%ﬁ Hsdﬁbb‘ﬁ{f‘f'ﬂfne and

i sobutyl ene at about 0.87 nole fraction 1,1 difluoroethane at about 25C and
at about 0.94 nole fraction 1,1 difluoroethane at about 75C. [0047] In yet
anot her entj6i39fent , tIne anynwdnthic opre pivay i@ dimentgntheamextizreo e al reaetom xt ur e
conpri si ng 1 di fluoroethane and i sobutylene in the range from about 0.750
to about 0.8Y%Mple fraction 1,1 difluoroethane at about 25C and about 75C.

{0040 In any of the previous embodiments, the mixture is an azeotrope-
like mixture.

{0041] In any of the previous embodiments, the mixture is an azeotropic
mixture.

[0042] The extractive distillation process may involve a two column

arrangement wherein the extraction of unreacted monomers such as isobutylene
takes place in a first column and the purification of the extractive agent takes

place in a second column.

{0043] The extractive distillation process may alternatively involve a one
column arrangement wherein both the extraction of the unreacted monomer and
the purification of the extractive agent takes place in a single column. In an
embodiment, the extractive distillation System comprises one column, at least one

condensing exchanger, and at least one vaporizing exchanger.

[0044] The invention also provides for an azeotropic mixture comprising
1,1,1,2 tetrafluoroethane and isobutylene at about 0.84 mole fraction 1,1,1,2
tetrafluoroethane at about 25°C and at about 0.88 mole fraction 1,1,1,2

tetrafluoroethane at about 75°C.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0048] Figure 1 represents an enbodi nent
of an extractive distillation system [0049] Figure 2 represents' another .
enbodi e %0 Eg.e_ tractive distillation system [0050] Figure 3 shows a.
plot of tH2 VSE' r""gressure of mixtures of 1,1,1,2 tetrdqHBI8etRANS (134a)
and i sobutyl ene over the entire range of conpositions fromO to 1.0 nole
fraction R134a. [0051] Figure 4 shows Y pl ot of the vapor pressure of

m xtures of 1,1 difluoroethane (152a) and isobutyl ene over the entire range
of conpositions from O to 1.0 nole fraction R152a. WO 2006/ 009553

PCT/ US2004/ 020164 11 DETAI LED DESCRI PTI ON [ 0052] Various specific

enbodi nent rsions._a exappl e f .the, inventi Wil . e descri bed,

i ncl udi ng ?%ﬁrred gﬁbggtl n%’ﬁ S al ‘888%‘ﬁ I’Illlt’t :ﬂ_(l)enslmlfrﬁg)t“ é)rrléwgg?\l\)/p{%édgﬂerei n for
pur poses ofazesteipedikengixige tb@pfibiag Ted] 2nveathioedbthdr@randdssbaikylesd Ghe :
infringenent, the scope of the "invention" will refer to any one or nore of

t he appendeéangs Eemraboine 760l itn gbewtd.PI% mele, retinms |, 1dnd teitadineraethape at
limtati onsbt aijoere egui :?%Lﬁnt to those that are recited. [0053] For
pur poses ofPPH r%‘gﬁ Wi afd the clains thereto the term catal yst system
refers to and includes any Lewis acid(s) or other netal conplex(es) used to
catal yze the polynerization of the olefinic nononers of the invention, as
wel | as at [0@4dt one Ianiyti another annibogimenhalthe invérdronniprovidesit fory st

rovid

. [ 0054]. | nmbodi [ '
pol Yo | 26O AT ST CRTRBE el L1 PRSIFE SHo tRNBRE HRaH-2) 1o form

a pol ymer, hhe frabRby 108 difiddrbeRafeall abBuCERY dndl 0 SbORS. B moh fadtf S12ci d(S) ,
one or nore initrator(s), and a diluent conprising one or nore

hydr of | uor alifindroethaie at RB@tsAS’C. [ 0055] | n anot her enbodi nent, the invention
provi des a pol yneri zation
[0047] In yet another embodiment, the invention provides for an
' azeotrope-like mixture comprising 1,1 difluoroethane and isobutylene in the range
from about 0.750 to about 0.999 mole fraction 1,1 difluoroethane at about 25°C

and about 75°C.

" BRIEF DESCRIPTION OF THE DRAWINGS

[0048] Figure 1 represents an embodiment of an extractive distillation
system.

{
{0049} Figure 2 represents another embodiment of an extractive
distillation system.
[0050] Figure 3 shows a plot of the vapor pressure of mixtures of 1,1,1,2

tetrafluoroethane (134a) and isobutylene over the entire range of compositions

from 0 to 1.0 mole fraction R134a.

[0051] Figure 4 shows a plot of the vapor pressure of mixtures of 1,1
difluoroethane (152a) and isobutylene over the entire range of compositions from

0 to 1.0 mole fraction R152a.



medi um suitable to pol ymerize one or nore nononer(s) to forma polymer, the
pol ynmeri zati on medi um conprising one or nore Lewis acid(s) and a dil uent
conpri si NgoQnks/dasss30r € hydr of | uorocarbon(s) (RFC); whergj r nore
Lew s aci d(s) ,is ﬁr?ot a conpound represented by formul a %’E’%ﬁ%@@%m&. S a
group 13 netal and X is a hal ogen. [09156] The phrase "suitable to

pol yneri ze nononers to forma polyner” "relates to the selection of

pol ymeri zation conditions and conponents, well within the ability of those
skilled in obtain the production of a desired polyner
in |ight oflsg?é?;%@%@ﬁ{]ﬁpyand conponent properties described herein.
There are nunerous permnutations of the polynerization process and WD

2006/ 009553 PCT/ US2004/ 020164 12 variations in the polymerization
conponent s [#082]l abl e Varigusodpesefic eninelmentd, vpsionreandtexamplasesf tha
preferred enbodi nents, suc Q rs include ol yi sobut yl eng _hgnopol yners,
i sobut yl endBYEBIPRH E?Eeﬁgﬂh%gﬁ?aﬁﬁﬁg W%g:g&?emggrﬁmgﬂ aé'ﬁél%gﬁﬂ“ms

par a- met hyl §iy € D80G0P AkMIPIOF puffifl §5Pﬁﬁ&&ﬁaﬁiﬁg§- tHRWidell YRRGHion! /R0l yer'S.
[ 0057] Reactor e???ﬁt}ent re erg to gny gas, vapor, quuied, or lc‘l?g)ln‘nioﬁati on

t her eof of ddwamshing riyfrifcementp ohey sepe 2t the rV'imventiaflt will réfer pr eny pnt atred

pol ynmer has beeE epara}'é‘feg d recovered with the, exceptjon of very m nor
anount of pBPYNEF NpAPPFRdeds claps. g S esrIvalentsh eAllde SIGNtLOF| uent .
The react oryihiddieia sRCLdi\eTent i tholl bRl Qlitol] Xt ure of diluents, the
unreacted nononers, as we as ot her  conponents in the feed or catalyst
systens that are not renoved with the polynmer. O course, the catal yst
system or catalyst system conpogf ts .are present only tqQq the_extent they

are presentl®P3ler pol §ArePHPassso pasgntipn| andnthedainas thegetp the {grmay
b "R : rooeen i neS S 2 s th
558100 g e s SHECLAGRL IpPOUARECAAy ) W ChRR s (e

can act as so c ot’her onpl exes, Initiators,
monomner s orcodiplex(esyddid ity estalyke tHehgolypiefigdtioneofahe blefinicmenbinets, oftthe di | uent

does not alter the general nature of the conmponents of the pol ¥arreri zation
nmedi um i . eiDvention, @gmlﬁéhéﬁ—]@ts legst epge 1@3@@;,@ optionally other minor catalyst
component(s).
[0054] In one embodiment, the invention provides a polymerization

medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s), one or more

initiator(s), and a diluent comprising one or more hydrofluorocarbon(s) (HFC's).

[0055] In another embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s) and a diluent
comprising one or more hydrofluorocarbon(s) (HFC); wherein the one or more
Lewis acid(s) is not a compound represented by formula MX3, where M is a group

13 metal and X is a halogen.

f0056] The phrase "suitable to polymerize monomers to form a polymer”
relates to the selection of polymerization conditions and components, well within
the ability of those skilled in the art necessary to obtain the production of a desired
polymer in light of process parameters and component properties described

herein. There are numerous permutations of the polymerization process and



system nononers, etc. However, it is recognized that interactions between
the diluent and reactants may occur. In preferred enbodi nents, the diluent
does not react with the catal yst system conponents, nononers, etc. to any
appr eci aPLMEIWEF . Additionally, the termdiluent inclPGadis2niseeences of at

| east two or nore diluents. [0059] A reactor is any container(s) in which a -
chemi cal reaction occurs. [0060] Slurl2y refers to the mxture of diluent -
conprising polynmers that have precipitated fromthe diluent, unreacted
nononers, and a catal yst system and/or catal yst system conponents. The

sl urry coneaidtioat iinnhe spdleenzitionecdpRO6 Ae8khbR RCPrddu2e0hé 0RQiked 13
percent of the partially or_conpletely precipitated pol ynmers based on the
total vol PORSMSF aREbaes, r yIn [ pigtereda aBbodimEntSy 8380t grscdrplyde ti on or

m xture re i Lqud i I [ re

chem cal s{’,@;’%ﬁ%‘g‘ggﬁ’n emgﬁ“ ‘{}g’ fghlg\ggigb g_lrlléloglé&gnn(‘bg egﬁ?%%? %8\1203 P& tion or
m xture i sisbbatylendendaes-nptodstgrge opolaidrs, alndestappraattiednbwtyl dibidet | | ati on
of the liquid _ has the same conposition as the liquid fromwhich it was
evapor'at edteEpolEmstsi | | ed, e.g., the admixture evaporates or
distills/refluxes w thout conpositional change. Constant boiling
conpositions are characterized as azeotropi c because they exhibit either a

Maxi mum or [gO57) UM Rekatton ¢fR@nD refeSto” P gaL dapbf, Niduid@t ol0tohbiRation
non-azeotropi c m xtures of the same conponents. An azeotropic conposition
may al so r8ieegoftad theglumynaféar pelymenizationgedrafisr dbe presifigtedapelysoenhes at a

gi ven tenpgrature en plotted a function of mole fractipn.. [00621
Areot rope. PRREERGRIGARARE o T fhetPeitioPd Vo MRk arlohl ERIARGT o
subst ant i abirficks fisdt ddy BOprlekddd in tHeehstoP skt " FheOfeattdPeMueAPingludhem cal,
substances. In an enbodi nent, an azeotrope-|li ke conposition refers to the

vapor  prothecdidudsy quamixtute efy dpeents.i e wireafitek manamers asf weleasl pther d havi ng
subsant] oL 5 AR SURSEL APt S
di stills/refflcduas, Wetdariiyst Syssth adafilyst QPREHI dohfidabnts are present only to

the extent they are present after polymerization.

[0058] Diluent means a diluting or dissolving agent. Diluent is
specifically defined to include chemicals that can act as solvents for the Lewis
Acid, other metal complexes, initiators, monomers or other additives. In the
practice of the invention, the diluent does not alter the general nature of the
components of the polymerization medium, i.e., the components of the catalyst
system, monomerss, etc. However, it is recognized that interactions between the {
diluent and reactants may occur. In preferred embodiments, the diluent does not
react with the catalyst system components, monomers, etc. to any appreciable

extent. Additionally, the term diluent includes mixtures of at least two or more

diluents.
[0059] A reactor is any container(s) in which a chemical reaction occurs.
[0060] Slurry refers to the mixture of diluent comprising polymers that

have precipitated from the diluent, unreacted monomers, and a catalyst system

and/or catalyst system components. The slurry concentration is the volume



~change. An azeotrope-like conposition nmay also refer to the region which is
" shown by plotting vapor pressure at given tenperature as a function of nole
fraction, 44¢ vapor pressure is constant or nearl Ee) ver a
_range of w?@ﬁg’g’ﬁiﬁ? conpositions. [00631 Extractive age)rh&?@ '?'Q&zf"g("‘a hi gher
-boiling solvent that is added to the azeotropic mxture or azeotrope-like
m xture to alter the relative volatilities of the conponents. The choice of
extractive agent is made to avoid the formati on of additional azeotropes or

the |like and _al separation of .the co nents ,of the rigjnal . constant
boi 11 ng mderat of Jng SRRl i ccomief SRERAAGE" Sy dhe's Bread Ol tpe eyl
2006/ 009553, Jerhé bBHRAALP20164 14 any material that can separate dil uent
. conponents from at | east” one nononmer as described in nore detail herein.
[ 0064] As used herein, the new nunbering schene for the Periodic Table
G oups are as in, CHEM CAL AND ENG NEERI NG NEWS, 63(5), 27 (1985).
10085 potyilEFmy beAZRABAE OF RERTRRE HOWSOIHG L. TR YRS © A

i nter pol y”%st_aﬁ@lﬁcﬂﬁﬁ%’ TR0 ad®liGturd-bEAYS Smofe SIRRRILYMRIbsERYes! AR wtdr(g a
pol ymer conprising -at l'east two nononers, optionally wth other noners.
[ 00661 Whentozhpmatteries an szaogbpicrathpositias ot onpiuisisibpt shervammmproduché by nononer
I's present in.the polyner in the IFol ﬁmegiz fot@m of the noponer tglr in the
der i vat i ve RaH3h YRPIREOROR Shistillatipn RE e amaﬂ@ﬁ S 53NG SOMPOIRGRA e ar e
descri bed | SA : : f P%% .t 1s well
understoodq@ﬁgﬁmsﬁ'lhﬁlelgwid#t Q%att?dtoé,“ecth ﬁa’!@ﬁ%”i%ﬁﬁgﬁ ormrkg'?b%iéésf:ogrrponent
i s the fordistilisAaefllnemoyizhot kbmipbstionud ohaergs. (Constandbiibng obypesitiond 46671
| sobut yl ene- based, p(gl yner refers to tpol ygg_!rs Qalnpri sing at least 80 nmol %
riepeat  uni t<harackzed 8b FESAEARE becaptsathey S¥BIbArGither @ rRRdMUAN SHYNBIRAR N nononer

any. mononer XA Ro ks eopfired Wi YRTHARE AR ol RO R B8 e

the nmul ti ol @mponestsadyn areonopc compwifict mgy talvo refer to maximum or minimum

vapor pressure for a mixture at a given temperature when plotted as a function of

mole fraction.

[0062] Azeotrope-like composition or mixture refers to a constant boiling,
or substantially constant boiling, liguid admixture of two or more chemical
substances. In an embodiment, an azeotrope-like composition refers to the vapor
produced by partial evaporation or distillation of the liquid i‘xaving substantially
the same composition as the liquid from which it was evaporated or distilled, e.g.,
the admixture evaporates or distills/refluxes without substantial compositional
change. An azeotrope-like composition may also refer to the region which is
shown by plotting vapor pressure at given temperature as a function of mole
fraction, where the vapor pressure is constant or nearly constant over a range of

component compositions.

[0063] Extractive agent refers to a higher boiling solvent that is added to
the azeotropic mixture or azeotrope-like mixture to alter the relative volatilities of
the components. The choice of extractive agent is made to avoid the formation of
additional azeotropes or the like and allows separation of the components of the

original constant boiling mixture. In embodiment, the extractive agent refers to



conj ugat ed doubl e bonds such as isoprene. [00701 El astomer or el astoneric
conposition, as used herein, refers to any polyner or conposition of .
pol yners consjstent with the ASTM D1566 definition. The terns nmay be used
i nter cha@e@ﬁ@@'gﬁé}th the term"rubber(s)", as used her ePRT/UAYRECGIA00553
PCT/ US2004/ 020164 15 100711 Al kyl refers to a paraffinic hydrocarbon group
whi ch may be derived froman al kane H§ droppi ng one or nore hydrogens from -
the forrmula, such as, for exanple, a nmethyl group (CH3), or an ethyl group
(CH3CH2), etc. [00721 Aryl refers to a hydrocarbon group that forns a ring
struct ure amh@mpitipkihat ear sepfaraie ditnentcompopenin dm gt leassond monemanss e,

benzene, napht. ene D ant.hrene, anthracene, etc., and typically possess
al ternate %ﬁﬂ?%lﬂd'ﬂ@feﬁlﬁpa%(%%ﬂgaturati on") within its structure. An aryl

group is thus a group derived from an aromatic conpound by dropping one or
nore hydrogens fromthe formula such as, for exanple, phenyl, or C6H5.
100731 Subfio6dlit ed r Afessd hereirgpghaoewsminbefingischans forahe PeyiddiodBableyr oup by

at | east one substituyent selected fr for e | e a chl ori ne,

br oni ne, %I“ERPFiaFFe‘,’SegPS i HH%QAW%E%WPWFW%MB( égl%ﬁ}ﬁé’[ e or alkyl
sul fonate), thiol, alkylthiol, and hydroxy; alkyl, straight or branched
chain having 1 to 20 carbon atons which includes nethyl, ethyl, propyl,

t ert - butyl {00668ppr opyPolynsswbmiay| be eised ;to @fdrotoy hostopalyyidrs,ocopnlanesed chai n

al koxy having | to 20 carbon atons, and incluydes, for exanple, nethoxy,
et hoxy, pr H}S‘éﬂ??’?’me%&@B@Wfsslﬂ?-giﬂfewl%lﬁﬁ Y“’ers@éﬁﬁﬁfgfﬁo BRIV tertiary

but , ' - tyl , I ,
onddoey ! oGombisle ol ERPEIG fudbiners SOOI wilE By fdfimen 00 ¥, O3, IPTYT XY

having | to 20 carbon atonms which is substituted by at | east one hal ogen,
and includes, for exanple, chloronethyl, bronmonethyl, fluoronethyl,
i odomet hy!l [0086Lh| or od¥hep 2 polgmendedelprred 20135, GPBRHAPE, 2 Joenamdirofiopy| | 3-

ai br omome: Ferorgt SHERR0R e ponah Rt bl imerty d AT InqebEPbBLE ™ Y1
di br ononet ihel derRafve fdrin of alké Mydnonikr.3-Idkewiser whew eyialyss conpohédntoaepr opyl ,
44 described as comprising neutral stable forms of the components, it is well
understood by one skilled in the art, that the ionic form of the component is the
form that reacts with the monomers to produce polymers.

[0067] Isobutylene-based polymer refers to polymers comprising at least

80 mol % repeat units from isobutylene.

[0068]) Isoolefin refers to any olefin monomer having two substitutions on l

the same carbon.

[0069] Multiolefin refers to any monomer having more than one double
bond. In a preferred embodiment, the multiolefin is any monomer comprising two

conjugated double bonds such as isoprene.

[0070] Elastomer or elastomeric composition, as used herein, refers to any
polymer or composition of polymers consistent with the ASTM D1566 definition.

The terms may be used interchangeably with the term "rubber(s)", as used herein.



. dichlorobutyl, 4,4-difluorobutyl, trichloromethyl, 4,4-difluorobutyl,
trichloronethyl, trifluoronethyl, 2,2,2-trifluoroethyl, '

2, 3, 3-triwbumeapsspyl, 1,1,2,2-tetrafluoroethyl, and
.2,2,3,3-tetrafluoropropyl. Thus, for exanple, a "subst il)tct;r{%s O%Jt/%%?leﬁrfi c unit”
-includes p-nethyl styrene, p-ethylstyreng, etc. WO 2006/ 0119553

PCT/ US2004/ 020164 16 [0074] In one enbodinent, this invention relates to

t he use of hydrofl uorocarbon(s) or ‘bl ends of hydrofl uorocarbon(s) with

hydr ocar bo and/ o Ofin d t o} of.yner
slurry whi Qﬁé?lg | ess ‘%lg{ gtr}(lla&&tso?% %up ?rﬁgﬁ‘?usq{e}% ?&gfasog g%@gr%%%n%}ag {g);%(ass i ke,
| ess sti ckydepaed fiolean iatkahbdyr d@ppingnone esamie Wydrbgemsdfromdihedfeemace to the
*walls of the vessel or to the stirring_ inpeller as well as reduced particle
to particl SUekyas &resxamplsny methyleroun (q'qféﬂ! efranethyligraup (CR&H).Atcr el ates to

t he use of hydrofl uorocarbon diluent(s) or HFC diluent blends wth

hydr ocar bons and/ or chlorinated hydrocarbon bl ends to polynerize and

copol yneri 807200l ef i gyl wefehs @ enhgdradstborn gibdgy kist baies ting padtiee

i sool efin honopol yners and copolyners with significantly reduced reactor
foul i ng. Fchataperistie af gomatie aempaunds such s, for exaaple deptensymdthalencocar bon

di l uent (s) .@r_diil uent ends with dr. r S..& c i hat ed

hydr ocar bor? 1'% "El?"?’oanﬁl%ﬁ/er?%f ieggé’ m&%@’c‘g@ﬁﬁ Eﬁ%?slsz%%{ng%%ldéb ?i;?sg%qelﬁg di enes to
produce i sqohghivfatAPPWIHHERY it WhidiureS AN afyl @adtipl iy thied gRtprdeict®fronpul i Ng and
hence longer run life for the reactors, as conpared to conventional

systens. 1GOESImatc erepamdyidiepping ohe st mevehidrogens &tom the foomulasudh scovery

of new pold,% ri za.ilon sgsten& Igsisi ng diluents contai ni ng hydrofl uorocarbons.
These di | Gontos SEAPRIGRIRIL OHLeds| ve the sel ected catal yst system and
nmononers but are relatively poor solvents for the polyner product.

Pol yneri zati on systens using these diluents are |less prone to fouling due
to the aggll80®Hat i on Bbspwtedmefers rareplasementtad ab least cvetwdroged arown by

d iti | i zat | h el ddi ti tion furth
felates 19 neRf oSS FRicab PR RS i huaRple hridhen KNGHAL ERRMIET (he "
prepar at i ofnRrinB] 61 idRASC dhndrio, WEtrB N sulBSlyy (Blfenaté i ARPOsMIate) 2thisigui val ent

to or higher than to those polynerization ) )
alkylthiol, and hydroxy; alkyl, straight or branched chain having 1 to 20 carbon

atoms which includes methyl, ethyl, propyl, tert-butyl, isopropyl, isobutyl, etc.;
alkoxy, straight or branched chain alkoxy having 1 to 20 carbon atoms, and
includes, for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, -
secondary butoxy, tertiary butoxy, pentyloxy, isopentyloxy, hexyloxy, heptryloxy,
octyloxy, nonyloxy, and decyloxy; haloalkyl, which means straight or branched
chain alkyl having 1 to 20 carbon atoms which is substituted by at least one
halogen, and includes, for example, chloromethyl, bromomethyl, fluoromethyl,
iodomethyl, 2-chloroethyl, 2-bromoethyl, 2-fluoroethyl, 3-chloropropyl, 3-
bromopropyl, 3-fluoropropyl, 4-chlorobutyl, 4-fluorobutyl, dichloromethyl,
dibromomethyl, difluoromethyl, diiodomethyl, 2,2-dichloroethyl, 2,2-
dibromomethyl, 2,2-difluoroethyl, 3,3-dichloropropyl, 3,3-difluoropropyl, 4.4-
dichlorobutyl, 4,4-difluorobutyl, trichloromethyl, 4.4-difluorobutyl,
trichloromethyl, trifluoromethyl, 2,2.2-trifluoroethyl, 2,3,3-trifluoropropyl,
1,1,2,2-tetrafluoroethyl, and 2,2,3,3-tetrafluoropropyl. Thus, for example, a

"substituted styrenic unit" includes p-methylstyrene, p-ethylstyrene, etc.



tenperatures using solely chlorinated hydrocarbon diluents such as nethyl|

chl oride. 100761 In another enbodinent, this invention relates to the

di scover new pol ymeri zati on systens using fluorinated aliphatic
hydrocaﬁ%Bﬁ@m@Qﬁﬁﬁle of dissolving the catal yst systenPCTRS2M94/020164

pol ynmeri zation systens are also beneficial for isoolefin slurry

pol ymeri zati on and production of a polymer slurry that is |ess WO

2006/ 009553 PCT/ US2004/ 020164 -17 prone to fouling, while permtting

di ssol ution of nononer, conononer and the comercially preferred

al kyl al unil@@vlhal i delrk:amaﬂ yambodimenta dthis i wwentidn srelatesy gnt ithe fiser ttbifer rel at es

bol ynor s aRATEPAERACEET gt ‘oD crihERR Bl i dRetben L ompared
to pol ymeringafricBlbriMfdderiRirotat e (b 9&6&&%%1%&%@%&@%%@ &hé uents

such as nethyl chloride.” [0077) I'n yet anothér enb ment th| I nvention
rel at es t dotfheligg erm,redso observetl memlassrlikiec leso sighyl particlss anthecepatiomer s,

espeC|aIIy th cti qU|r d to produce .the

ebbut'yl oSt SpLitSoref st e et e seoaa i Seng IEHPEU‘F’Styrene
copol yner s,s ¥bfi s%ﬁh{:&iﬁé%k% ' tot %Bﬁnbl@v dxﬂé}aﬁ@d)at ®fork Cbaﬂ"i'?

pol ymeri zi ng an copolynerizing isoolefins in a’slurry ™ poly flzatlon

process usinmentiopdehitdsito rthe:asebmfrhydrdﬂwmrbcsirbnn dilvent(s) af HFGyddluefid blemdxcar bons,
and chl ori nated hydrocarb uent s e met h chl ori J] 00781 In

anot her entsth hidspcarbons é@fp LJPE‘B?tPth e‘ldﬁetopP‘glé’erl%nt i on
provi de fo | Jhc f at ons
and para- aﬁg&f}@ﬂ%}%fgb%ﬁg%ﬁlgﬂ d g%@%an@“ ?%i'é?% thépoée(tFe(r)é%Ofeq{rl{godl ment
of the i nvisothoplymeize aa&st@nl)pnc:rdum cipndficantdy s reiuotdii reactgr  foalingen about

80 and 99.5 wt. %aof the isool efmsuch _as isobutylene and hetween about 0.5
and 20 wt . Fughst, thipdnpetionariRies 4 &eéﬁs of 3&#031&05&?@0#&#49%5%&\1@%% n

aceor danc ghdd y AR RS AR o IRy MBS AR5 Yo Hortbasdd ©

materials are produced ‘as vve yners are rised between

about 10 asd c@:&xlﬁnmtlze %oolefibd evitls dizines it ,prcﬁiuce Ssduléfyn eﬁﬁolyﬂf&ds ahtut 0.5 and
90 wt. % of, the
° significantly reduced reactor fouling and hence longer run life for the reactors, as

compared to conventional systems.

[0075] In one embodiment, this invention relates to the discovery of new
polymerization systems using diluents containing hydrofluorocarbons. These
diluents effectively dissolve the selected catalyst system and monomers but are
relatively poor solvents for the polymer product. Polymerization systems using
these diluents are less prone to fouling due to the aggiomeration of polymer i
particles to each other and their depositing on polymerization hardware. In
addition, this invention further relates to the use of these diluents in
polymerization systems for the preparation of high molecular weight polymers
and copolymers at equivalent to or higher than to those polymerization
temperatures using solely chlorinated hydrocarbon diluents such as methyl

chloride.

[0076] In another embodiment, this invention relates to the discovery of
new polymerization systems using fluorinated aliphatic hydrocarbons capable of
dissolving the catalyst system. These polymerization systems are also beneficial

for isoolefin shury polymerization and production of a polymer slurry that is less



. para-al kyl styrene, such as para-nethy]styrene. [00791 In a preferred
.enbodi nent this invention relates to a process to produce polyners of
cationic gprizabl e nonomer (s) conprising contagil ' react or,
t he nnno?g%%?gg&ﬁqfemﬁs acid, and an initiator, in the 95#@%%%%@mﬁp4an HFC
-diluent at a tenperature of OC or mgg preferably -10C or | ower,
preferably -20C or |ower, preferably OC or lower, preferably -40C or
| ower, preferably - SOC or lower, preferably -60C or |ower, preferably -70C

or V\D 20116/ 0095 004/ 020164 r ef er abl 80C | ower,
pref er abl yP ‘5’6603%'1 %P‘@T"é?’é‘ﬁl ‘iissoilﬁt?@ %{embp COB}DQ%B}%\BP@%PE} om OC to
the freezl BgnpRkIPf prkhfreBOk %rﬁﬁﬁhprhdl'iﬁ@' %IR;D§UChIrPSadHﬂ§md' iwgent and

mononer m xture. 4 Mononers an mers 100801 Mononers may be
pol ymer i zednveytiom f@ﬂm}s’ekatnsnndhcldlee aﬁyheshﬁdnwarfmothenpmpmhon lofithighs

pol ymeri zabl ng.t.hi s invent Pref er noners. i ncl ude one or nore
of ol efins)] Oi‘?cb‘ifjé "gql%l? |pr?§’mfffﬁ E?Rotlmlﬁ‘é abflggprrg&ympg@}m@ftplﬁ\geraggm ugat ed
di enes, no t ics and
Vil et hors COPAAS, & gl e i Xy By O YRR b B 3 Rt
aryl, hal i dduents sichasimghylroblopidePr ef er abl y, the nononer contains 2 to 20

carbon atons, nore preferably 2 to 9, even nore preferably 3 to 9 carbon
atons. Exanples of preferred olefins include styrene, para-alkylstyrene,

para- mneth rene, - I

di i sopr opemﬁinzene ﬁlyg 03% E?}é{kgﬁﬁ%&n‘?r\ﬁﬁ lﬁe%k%ﬁtrgﬁ{gg?galr?eqrﬁ@armlmr})ut ene,
2- net hyl - 2-ofesbeiainici hmnomlgncrsbuhcaobo@nbrmei’s 3es;b|emtmythe1p8}yh1&admcﬁne

B- pi nene, nyrcene, 6, 6-dinmethyl-fu]vene hexadi etn n(&_y ent adi epe,

Bi per yl ene Ieasipns feayirad fo B%‘H’é‘Fe the WPUWIGHWSOQf%r orry ]861}1’5794 aRd ny| et her
and the |i kg, %‘?&%ﬁﬁlﬁ&@@ﬁé&g@n@e Mz dbﬁﬂéul% u?sFeB B?&éat‘%?&g”er S-

Styrenic bl ocE cop a m)no erred bl ock

copol yner s ai naéthiod @ﬁppme@ aidyrmpoi;m;er&mgﬂ mml%ﬁym ete, a shury
para- net hyl styrene, al pha-nethyl st rene and to C30 diolefins, such as

i sopr ene, POIYARRTIZAKOD o REPCEFE Pﬁlké mcaqbpp ghbegts eff nblgBder 0
conbi nat | OSdrofluorocarbons, and chlorinated hydrocarbon diluents, like methyl chloride.

[0078] In another embodiment, the polymerization systems of the present
invention provide for copolymerizing an isomonoolefin having from 4 to 7 carbon
atoms and para-alkylstyrene monomers. In accordance with a preferred
embodiment of the invention, the system produces copolymers containing
between about 80 and 99.5 wt. % of the isoolefin such as isobutylene and between
about 0.5 and 20 wt. % of the para-alkylstyrene such as para-methylstyrene. In
accordance with another embodiment, however, where glassy or plastic materials
are being produced as well, the copolymers are comprised between about 10 and
99.5 wt. % of the isoolefin, or isobutylene, and about 0.5 and 90 wt. % of the

para-alkylstyrene, such as para-methylstyrene.

[0079] In a preferred embodiment this invention relates to a process to
produce polymers of cationically polymerizable monomer(s) comprising
contacting, in a reactor, the monomer(s), a Lewis acid, and an initiator, in the
presence of an HFC diluent at a temperature of 0°C or lower, preferably -10°C or
lower, preferably -20°C or lower, preferably -30°C or lower, preferably -40°C or
lower, preferably -50°C or lower, preferably -60°C or lower, preferably -70°C or



I nclude 1) isobutylene and para-nethyl styrene 2) isobutylene and isoprene,
as well as honopol yners of isobutylene. 10081] Additionally, preferred .
NONONET S, fhose . that are cationically polynerizable as descri bed
in Catiéﬁpgﬁkgﬂgﬁérization of Aefins, A Citical |nveRebty200482ph '
Kennedy, W/l ey Interscience, New York 1975. Mononers include any nononer
that is cationically polynerizable, sdth as those nononers that are capabl e
of stabilizing a cation or propagating center because the nononer contains
an el ectron donating group. For a detailed discussion of WO 2006/009553

PCT/ US2004p9e0 peeferably S8t¢ enleweraprfemsbly -B0€agelosws, mafaray c 165 Cyorer i zat i on

of Aefin ACitical - In or Joseph Ken Wl ey Lnterscience, New
Yor k. 1975 1opBagstitiebl fohbidr oo sREARF 2obf PR padimstirondh Refign et um
in an anogh aé aR@Rent mAhdo it mixen®e: 01 Wt % in one enbodi nent, -
alternatively 60 wt'/9 to 0.1 wt% alternatively from40 wt%to 0.2 wt%

alternatively 30 to 0.5 W% alternatively 20m%to 0.8 wt% alternatively

and from wt % to épwi % in another enbodi ment. 100831 Preferred pol yners

incl ude hotSPOPSHERS “OP ™AV of the nonomers listed in this Section.

Exanpl es of honopol yners include polyi sobutyl ene, pol ypara-nethyl styrene,

pol yi soprene, polystyrene, polyal pha-nethylstyrene, polyvinyl ethers (such

as pol ynet[6988]i nyl et Menpmpo! whichythay by pelymerized by 0biB4ysteneinehudechngol yrer s

al so incl ude, copolyners of | sobut yl ene and . al kyl styrene; and 2)

i sobut yl e#@’dé?ﬁﬁﬁ?%fﬂoé‘ﬂger [%%}859] Wﬁ’ngq?@a@ﬁbwg‘r% Wo%pﬁgfﬁﬁq@dar e

pr epar ed BohGA ilude oFETBRNARRL o ofd (s alphioIdfind Whipbitte %ymg,east (1) a
ool ef'| ? a

C4 to CB6is n nononmer conponent such as isobltene wit ,
mul ti ol ef iispolefins oonjugated dieties e nraongugeted diemgsp styrenicsTavel/orssmbbtitfited is in a

cmbodi mentstygse andyimyl ges it i SO B SEsuted i J07 NARGYHBAembodi ment

e oecos P, 3 Sy M el R bl Ot 3 24
carbon atoms, more preferably 2 to 9, even more preferably 3 to 9 carbon atoms.
Examples of preferred olefins include styrene, para-alkylstyrene, para-
methylstyrene, alpha-methyl styrene, divinylbenzene, diisopropenylbenzene,
isobutylene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-pentene, isoprene,
butadiene, 2,3-dimethyl-1,3-butadiene, 8-pinene, myrcene, 6,6-dimethyl-fulvene,
hexadiene, cyclopentadiene, piperylene, methyl vinyl ether, ethyl vinyl ether, and
isobutyl vinyl ether and the like. Monomer may also be combinations of two or
more monomers. Styrenic block copolymers may also be used a monomers.
Preferred block copolymers include copolymers of styrenics, such as styrene,
para-methylstyrene, alpha-methyistyrene, and C4 to C;¢ diolefins, such as
isoprene, butadiene, and the like. Particularly preferred monomer combinations
include 1) isobutylene and para-methyl styrene 2) isobutylene and isoprene, as

well as homopolymers of isobutylene.

[0081] Additionally, preferred monomers include those. that are
cationically polymerizable as described in Cationic Polymerization of Olefins, A
Critical Inventory, Joseph Kennedy, Wiley Interscience, New York 1975.
Monomers include any monomer that is cationically polymerizable, such as those
monomers that are capable of stabilizing a cation or propagating center because

the monomer contains an electron donating group. For a detailed discussion of



"mxture from30 to 0.5 % in one enbodi nent, and from15 to 0.5 M% in
anot her enbodi nent. In yet another enbodinent, fromSto 0.5 wt% of the
‘conpnoMenw@abigss S conj ugated diene. The C4 to C6 iso ' one or
~nore of isobutene, 2-nethyl-I-butene, 3-nethy|-|-butene?kj%#%?ﬁ§%9§tbutene,
-and 4-nethyl-1-pentene. The nultiol efjgh may be a C4 to G4 conjugated diene
such as isoprene, butadiene, 2,3-dinethyl-1, 3-butadi ene, 6-pinene, nyrcene,
6,6- dilnethyl-ful vene, hexadi ene, cycl opent adi ene and pi peryl ene. One

Feacti ng a8 tgubo Y AP oSs5a B CRluliFeut el BB 4 o Ml but 1 ene

with 15 to IRvdnrody BosemK emedy OWiky [hieaeicnte MNdw YerldP7. wt % i sobutyl ene with

- 5.0 ww%to 0.5 wt% isoprene Iin yet another enbodinent. The follow ng table

il lustrates how the above-referenced wt % woul d be expressed as nol% w %

6.7 05 os 01", TiBobflndi v vsigtslens n o pobmdlBalify iy o pigg > 2 °

i soprene 10@ffht Tigind feeNTS aA% W 0.0erwitEiRbes ehdolBidne) JlteeiAiveRde0
tetrapol ymers conprising any conbination of the nonomers |isted above.

g S
Preferred tvlptn Qrewt’, alfrmatselyfiony A8 rve% tc Dddet’potlermativelioABrio d.hg
| sobutyl ene, ,J SQoprene .a IL.vViqnyl benzene, .. pol S C I, SI l,.sobut yl ene,
par a- al kyl s o)’ea? S V@%’?ﬁ%‘%’%" dsgrgﬁe?ﬁwé‘%‘fe?% éﬁﬁo m%g?g%%b‘bl yNer s
conpri si Ng sa¥dlePRaBb@dicgNe, |sobutyl ene, and paraal kyl styrene (preferably
par amet hyl styrene), polyners of @ isobutylene cycl opentadi ene and i soprene,

pol ymers conprising cyclopentadi ene, isobutylene, and nethyl
(?ycl opent a%ﬁ’:&‘i pol ylgrr%fc%reﬁ%rc’r;?yrnl‘leﬁ'ls ?&1&&%%390%%3 of any of the monomers

listed in this Section. Examples of homopolymers include polyisobutylene,

polypara-methylstyrene, polyisoprene, polystyrene, polyalpha-methylstyrene,
polyviny! ethers (such as polymethylvinylether, polyethylvinylether).

- {0084] Preferred polymers also include copolymers of 1) isobutylene and

an alkylstyrene; and 2) isobutylene and isoprene.

[0085] In one embodiment butyl polymers are prepared by reacting a
comonomer mixture, the mixture having at least (1) a C4 to Cs isoolefin monomer
component such as isobutene with (2) a multiolefin, or conjugated diene monomer
component. The isoolefin is in a range from 70 to 99.5 wt% by weight of the total
comonomer mixture in one embodiment, 85 to 99.5 wt% in another embodiment.
In yet another embodiment the isoolefin is in the range of 92 to 99.5 wi%. The
conjugated diene component in one embodiment is present in the comonomer
mixture from 30 to 0.5 wi% in one embodiment, and from 15 to 0.5 wt% in
another embodiment. In yet another embodiment, from 8 to 0.5 wt% of the
comonomer mixture is conjugated diene. The C4 to C¢ 1soolefin may be one or
more of isobutene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene, and
4-methyl-1-pentene. The multiolefin may be a C4 to Cy4 conjugated diene such as
isoprene, butadiene, 2 3-dimethyl-1,3-butadiene, B-pinene, myrcene, 6,6-
dimethyl-fulvene, hexadiene, cyclopentadiene and piperylene. One embodiment

of the butyl rubber polymer of the invention is obtained by reacting 85 to 99.5



par anmet hyl styrene and cycl opentadi ene. Lewis acid 100871 The Lewi s acid
(also referred to as the co-initiator or catalyst) may be any Lewi s acid. _
based on netals from Goup 4, 5, 13, 14 and 15 of the Periodic Table of the

El enent YO AW Mg boron, aluminum gal lium indium tPERAIS2MOPDG4

2006/ 009553 PCT/ US2004/ 020164 21 zirconium tin,
and bismuth. One skilled in2fhe art
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This invention further relates to terpolymers and tetrapolymers

comprising any combination of the monomers listed above. Preferred terpolymers

and tetrapolymers include polymers comprising isobutylene, isoprene and

divinylbenzene, polymers comprising isobutylene, para-alkylstyrene (preferably

paramethyl styrene) and isoprene, polymers comprising cyclopentadiene,

isobutylene, and paraalkyl styrene (preferably paramethyl styrene), polymers of

isobutylene cyclopentadiene and isoprene, polymers comprising cyclopentadiene,

isobutylene, and methyl cyclopentadiene, polymers comprising isobutylene,

paramethylstyrene and cyclopentadiene.

Lewis acid

{0087}

The Lewis acid (also referred to as the co-initiator or catalyst) may

be any Lewis acid based on metals from Group 4, 5, 13, 14 and 15 of the Periodic

Table of the Elements, including boron, aluminum, gallium, indium, titanium,



C prbpagati ng polynmer chain. Illustrative exanples include Brc nsted acids
such as H20, HO, RCOCH (wherein Ris an al kyl group), and al kyl" hali des,

‘sueh as wWE&hReamssks; CO6HSC( CH3) 2C1 and (2- Chl oro-2, 4, 4‘”1>ic‘]5ﬁ5§2in¥;|ﬂﬂﬁﬁt ane).
. Mre recently, transition netal conpl exes, such as netallocenes and ot her
-such WO 2006/ 009553 PCT/ US2004/ 020764 ,,22 nmaterials that can act as single
site catal yst systens, such as when activated with weakly coordinating
Lewis acids or Lewis acid salts have been used to initiate isobutylene

| i zation.. [0092 , nbodi_ment . the ji.nifjat i
b 2 hyar GYERERG Fa verBulh R, enimony- 4R bRk Ohe SOMRA pEfR AT, ™
sul foni ¢ aGkifl re@gnize!thRh8ne efenipfle beflerd Rited i theqPriitice bRtHABverdioner ti ary

- aralkyl halide, a tertiary alkyl ester, a tertiary aralkyl ester, a
tertiary allRyhe embediment,tthe mictals/ars aitirkipume bheon, angd| tkgniump stithcdyumemy  hal i de,

w11 Febogns e ol s ameih ke A1 GD BT (oot a1 ve
and is pro%@g@zﬁg{mgdjsmp;,_ghbgpcﬁ(ﬁgr a nore information regarding
y

initiator(s) in polynmerization processes, see, for exanple, International
Appl i cation Nos. PCT/US03/40903 and PCT/ US03/40340. Hydrofl uorocarbons

[ 0094] Hydr, or ocar s are preferably used as diluents.in the present
i nventi on, lﬁﬁf’%ﬂe or i‘g&gﬁmﬂ“ﬁa&eﬁ’i‘? ngﬁg'@?ﬁ%?raqyyag Sﬁb‘??ﬁ:‘LPbB?%"’B‘f in
conmbi nati o Lt hi-ahiher odi; F. - t NS N d the
cl ai s thgjf) Q%%lﬁillglso?ﬁd%ﬁg}a{r eoncgb?%%é)?ﬁé%lrghgw%a?ﬁ%ﬁr‘g g(iac?]iﬁbne to be
sat ur at ed clummosatribremétd, etiypdunisine dichiaiden gtlyddeminu sgsquichbyriffepgen,

carbon and fluorjne, provided that at |east ope ., carbon, at_ |east one

hydr ogen ar%etaylalugagwnonefﬂmlg%r i w&ﬂwiwnﬂ?%e 1&‘%@@5} nefhyialRgI

enbodi ment %% bdeUend; %ﬂg;mlb-l‘ﬁﬁﬁ’ll‘fby {deOr YR ONSflubGay €S by the
forml a: C§E§/ \}\ﬁrzareéi n%ﬁl I z;n I nt eggd;hgfrroh 1 to 40, ﬂmafl?t ar nggt&ihslg?y froml
to 30, altdetrmhiorgley fetom witho &@Bylaliniipumat diebloyider oand  ethylduminum

alternatively fr to 6, [ternatively from2 to 20 alternatively from 3
to 10 seg/qulclﬁcmnde be(l)ng pre?erreﬁ. y y

[0089] Lewis acids such as methylaluminoxane (MAQ) and specifically
designed weakly coordinating Lewis acids such as B(Cg¢Fs); are also suitable

Lewtis acids within the context qf the invention.

[0090] As one skilled in the art will recognizé the aforementioned listing
of Lewis acids is not exhaustive and is provided for illustration. For a more
information regarding Lewis acids in polymerization processes, see, for example,

International Application Nos. PCT/US03/40903 and PCT/US03/40340.
Initiator

[0091] Initiators useful in this invention are those initiators which are
capable of being complexed in a suitable diluent with the chosen Lewis acid to
yield a complex which rapidly reacts with the olefin thereby forming a
propagating polymer chain. Illustrative examples include Brensted acids such as
H.0O, HCl, RCOOH (wherein R is an alkyl group), and alkyl halides, such as
(CH3);CCl, CgHsC(CH;3)»Cl and (2-Chloro-2.4,4-trimethylpentane).  More

recently, transition metal compliexes, such as metallocenes and other such
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Hydrofiuorocarbons
[0094]) Hydrofluorocarbons are preferably used as diluents in the present

invention, alone or in combination with other hydrofluorocarbons or in
combination with other diluents. For purposes of this invention and the claims
thereto, hydrofluorocarbons ("HFC's" or "HFC") are defined to be saturated or i
unsaturated compounds consisting essentially of hydrogen, carbon and fluorine,
provided that at least one carbon, at least one hydrogen and at least one fluorine

are present.

[0095] In certain embodiments, the diluent comprises hydrofluorocarbons
represented by the formula: CH,F, wherein x is an integer from 1 to 40,
alternatively from 1 to 30, alternatively from 1 to 20, alternatively from 1 to 10,
alternatively from 1 to 6, alternatively from 2 to 20 alternatively from 3 to 10,
alternatively from 3 to 6, most preferably from 1 to 3, wherein y and z ave integers

and at least one.
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orobutane; 1,1,1-trifluorobutane; 1,1,2-trifluorobutane; 1,1,3-trifluorobutane;
1,1,4-trifluorobutane;  1,2,2-trifluorobutane; 1,2 3-trifluorobutane;  1,3,3-
trifluorobutane;  2,2,3-trifluorobutane;  1,1,1,2-tetrafluorobutane;  1,1,1,3-
tetrafluorobutane; 1,1,1,4-tetrafluorobutane; 1,1,2,2-tetrafluorobutane; 1,1,2,3-
tetrafluorobutane; 1,1,2,4-tetrafluorobutane; 1,1,3,3-tetrafluorobutane; 1,1,3,4-
tetrafluorobutane; 1,1,4,4-tetrafluorobutane; 1,2.2,3-tetrafluorobutane; 1,2,2,4-
tetrafluorobutane; 1,2,3,3-tetrafluorobutane; 1,2,3,4-tetrafluorobutane; 2,2,3,3-
tetrafluorobutane;  1,1,1,2,2-pentafluorobutane;  1,1,1,2,3-pentafluorobutane;
1,1,1,2,4-pentafluorobutane; 1,1,1,3,3-pentafluorobutane; 1,1,1,3,4-
pentafluorobutane;  1,1,1,4,4-pentafluorobutane;  1,1,2,2,3-pentafluorobutane;
( 1,1,2,2 4-pentafluorobutane; 1,1,2,3,3-pentafluorobutane; 1,1,24,4-
pentafluorobutane;  1,1,3,3,4-pentafluorobutane;  1,2,2,3,3-pentafluorobutane;
1,2,2,3,4-pentafluorobutane; 1,1,1,2,2,3-hexafluorobutane; 1,1,1,2,2,4-
hexafluorobutane; 1,1.1,2,3,3-hexafluorobutane, 1,1,1,2,3.4-hexafluorobutane;
1,1,1,2,4,4-hexafluorobutane; 1,1,1,3,3,4-hexafluorobutane; 1,1,1,3,4,4-
hexafluorobutane; 1,1,1,4,4,4-hexafluorobutane; 1,1,2,2,3,3-hexafluorobutane;

1,1,2,2,3,4-hexafluorobutane; 1,1,2,2,4.4-hexafluorobutane; 1,1,2,3,3.4-
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%,’ 1,3 3-tetrafluorocyclobutane;  1,1,2,2,3-pentaffuorocyclobutane;  1,1,2,3,3-
pentafluorocyclobutane; 1,1,2,2,3,3-hexafluorocyclobutane; 1,1,2,2,3,4-
hexafluorocyclobutane; 1,1,2,3,3,4-hexafluorocyclobutane; .l 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 (
diftuoromethane, trifluvoromethane, 1,1-difluoroethane, 1,1,1- trifluoroethane,

fluoromethane, and 1,1,1,2-tetrafluoroethane.

[0097) Illustrative examples of 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-diflucropropene;
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-1-butene; 2-fluoro-1-butene; 3-
fluoro-1-butene; 4-fluoro-1-butene; 1,1-difluoro-1-butene; 1,2-difluoro-1-butene;

1,3-difluoropropene; 1,4-difluoro-1-butene; 2,3-difluoro-1-butene; 2,4-difluoro-1-
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heptafluoro-1-butene; 1,1,2,3,4.4,4-heptafluoro-1-butene; 1,1,3,3,4,4.4-
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fluoro-2-butene; 1,1-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-trifluoro-2-butene; 1,1,3-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; 1,1,1,2.4-pentafluoro-2-butene; 1,1,1,3,4-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; 1,1,2,3,4.4-
hexafluoro-2-butene; 1,1,1,2,3,4,4-heptafluoro-2-butene; 1,1,1,2,44 4-



preferably greater than 15, nore preferably greater than 20, nore preferably .
greater than 25, nore preferably 40 or nore. |In enbodi nents where | ower

nol ecul ar _weights (typically |ower than 10,000 Mv, preferably less than
5,000 NXP 2M8955Pef erably 1 ess than 3,000 My) are desi PEHUSHW4ERMbECt ric
constant may be less than 10, or by adding |larger anounts of initiator or
transfer agent when the dielectric cdhstant is above 10. The dielectric
constant of the diluent EDis determ ned from neasurenents of the
capacitance of a parallel-plate capacitor imersed in the diluent [neasured
val ue CD],hdépmaflorefdndence ahd mictuorés kheovef armdi ficheling miswnesst af satbfdtddreasur ed
val ue CR] ’c]éngng‘{ n ir@%EAzl) [ measured value CA]. |In each case the neasured
capaci t ancgrem e§cr§139 %%y COME eCc+Cs, where E is the dielectric constant

of the fluid in which the capacitor is imersed, Cc is the cell :
capacitance, and Cs is the stray capacitance. Fromthese neasurenents ED is
gi ven by t[e@98jor nul alrEme( EibalimenE the( @Rueh) )cohPRsésAnonAler Buioridatade| y, a
purpose-built instrunment such as the Brogkhaven | nstrunent Corporation

BI C- 870 V\Gozmmmé@g%éhqacﬂsp 0947 operrerfluoningigd diluegteqd Resfl

dielectric ' | . QRDAr] t Lelectric
constants ?og-é?&glﬁnﬂgw@&/tgge;ﬁ?@ugﬁ gcgl{nsi%ﬁngf[%f% 5C | dé‘ﬁgf?‘b"\ﬁn éﬁ (g\g%u&% Di | uent
sat -85C Mat hydthehbmbodithed. WHen Bhd |dﬂ@éﬂﬁe61hgﬂ§es35-b1&1d, Ithd -Wlédd w:})oet hane
29.33 1,1,1-trifluoroethane 22.18 1, 1, 1,6 2-tetrafluoroethane 23.25

1,1, 2,hz- t e@mda@mecf@tm@drpmund,,p1§frr@12-tb@ﬁ4talwstumeﬂwarv@dﬂilusct h[ 00 10(3]
L1 HEADAN ! . ! Al = (
1 L SRS HOE ke e F e b ST AR i, !

es o uen de
hydr ocar boghe dilasRegidebdribel 6 Alttier dsdilRMvANBSandidreadsdpdirgeht i Hd&ay bons,
especially chlorinated h);ldrocar bons and the |ike. Specific exanples include
but may also comprise chlorofluorocarbons (CFC's), or those compounds consisting

of chiorine, flucrine, and carbon.

[0099] In another embodiment, when higher weight average molecular
weights (Mw) (typically greater than 10,000 Mw, preferably more than 50,000
Mw, more preferably more than 100,000 Mw) are destred, suitable diluents
include hydrofluorocarbons with a dielectric constant of greater than 10 at -85°C,
preferably greater than 15, more preferably greater than 20, more preferably
greater than 25, more preferably 40 or more. In embodiments where lower
molecular weights (typically lower than 10,000 Mw, preferably less than 5,000
Mw, more preferably less than 3,000 Mw) are desired the dielectric constant may i
be less than 10, or by adding larger amounts of initiator or transfer agent when the
dielectric constant is above 10. The dielectric constant of the diluent ep is
determined from measurements of the capacitance of a parallel-plate capacitor
immersed in the diluent [measured value Cp], in a reference fluid of known
dielectric constant &g [measured value Cg], and in air (e4=1) [measured value Ca].
In each case the measured capacitance Cy; is given by Cy= eC+Cs, where € is the
dielectric constant of the fluid in which the capacitor is immersed, Cc is the cell
capacitance, and Cs is the stray capacitance. From these measurements ep is
given by the formula ep=((Cp-Ca) er + (Cr-Cp))/(Cr-Ca).  Alternatively, a
purpose-built instrument such as the Brookhaven Instrument Corporation BIC-870



care not limted to propane, isobutane, pentane, nethycycl opentane,

i sohexane, 2- nethyl pentane, 3-nethyl pentane, 2-nethyl butane,

2, 2-di metinybdigloasres 2, 3- di net hyl but ane, 2-net hyl hexane, ane,

~ 3-et hyl pentane, 2,2- dinethyl pentane, 2, 3- d|msthylpentarl;'g';i\"’ﬂpéﬁw'wzl;I

. 2, 4-di et hyl pent ane, 3, 3-di net hyl peqhane 2- met hyl hept ane, 3-et hyl hexane,
2, 5-di mret hyl hexane, 2,24: trimethyl pentane, octane, heptane, butane,

et hane, nethane nonane, decane, dodecane, undecane, hexane, nethyl

AR LR R RS S S
trans-1, 2- %@Efetwrfcv@n%ﬁﬁt@r&a fewase&cﬂad%m@mgﬁt IRsee Y& brRREMIAR G w.

- et hyl cycl opent ane, cycl ohexane, nethylcyclohexane, benzene, tol uene,
xyl ene, ortho-xyl ene, para-xylene, neta-xylene, and the hal ogenated

versions of all Ei—t_heaebgue,_pLeLeLa.bJ_y_Lhe_chLaLLnaLed_uerjions of the
above, nore prefepgiky fluorinated versjons of ajl.geic t he abgve. Brom nated

WD 2006/ 009553 PLCT/ US2004/ 020164 28 versi ons of the above arie al so useful.

Speci fic exanpl e$ e{ﬁ@l gﬁ"d t hyl chl or gne chl orijde, et hyl

chl oride, propyl|cC ride, butyl chlori de chI oro orm and tHe |ike. [001011
I n anot her enbod % nonp-reactive ol efins may 28 sed as iluents in
conbi nation wth qo les include, but are®ndt linmted to, ethylene,
propyl ene, and t T RKe [Q0T0Z] T one| enbodi ment, _the HFC T|s used in

conmbi nation with él@ﬂneﬁqcﬁba%d hydr ocaf bon such 2933 et hyl chi ori de.

Addi ti onal enbodiments—inctudeusingtheHFE i+ mconbimatiomjwi t h hexanes or

met hyl chloride aid,l-iiifummeghanen anot hef enbodi m8Rd8the HFC g are used in
donbi nati on wi t h-enre—er—Here—gases—neft—te—the—petyrerizatHon' such as
car bon di oxi de, hilfltQyectraflugrbedgpaa, arpgon, neon23B8l1i um kryjpt on, zenon,
and/or other ineft—gases-that are preferably liguidat-entry to the

reactor. Preferred jga38&rifietaedangar bon| di oxi de apgdior nit rqgen. [001031 In

anot her enbodi nepnt_fhe HFC' s are used ih conmbipation with on
1,1,1,2,2-pentafluoroethane 11.83
[00100]  In other embodiments, one or more HFC’s are used in combination

with another diluent or mixtures of diluents. Suitable additional diluents include
hydrocarbons, especially hexanes and heptanes, 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-
dimethylpentane, 2,3-dimethylpentane, 2,4-dimethylpentane, 3,3-dimethyl
pentane,  2-methylheptane, 3-ethylhexane, 2,5-dimethylhexane, 2,24.-
trimethylpentane, octane, heptane, butane, ethane, methane, nonane, decane,
dodecane, undecane, hexane, methyl cyclohexane, cyclopropane, cyclobutane,
cyclopentane, methylcyclopentane,  1,1-dimethylcycopentane, cis 1,2-
dimethylcyclopentane, trans-1,2-dimethylcyclopentane, trans-1,3-
dimethylcyclopentane, ethyleyclopentane, cyclohexane, methyleyclohexane,
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



or nore nitrated al kanes, including C, to C40 nitrated linear, cyclic or,
branched al kanes. Preferred nitrated al kanes include, but are not limted
to, nitronethane ni t roet hane, nitropropane, nitrobutane, nitropentane,

ni t r oheX¥REYAMP38hept ane, ni trooct ane, nitrodecane, nPEFERAMHAZIGH

ni t rododecane, nitroundecane, nitrocyclonethane, nitrocycl oethane,

ni trocycl opropane, nitrocycl obutane, 2fitrocycl opentane, nitrocycl ohexane,
nitrocycl oheptane, nitrocycl ooctane, nitrocyclodecane, nitrocycl ononane,

ni trocycl ododecane, nitrocycl oundecane, nitrobenzene, and the di- and tri-
ni tro ver svarsionodf theabatxoare alsd yseil e Speaific ertanplesemfudes meRY] shlorigeded wit h
nitromet hane, [001Q4] .The HFC |s.typicall resent at 1. to 100 vol une %
based uponmf’?}i’é(genﬁoq Pridey | cthe ‘“(S‘kor!‘i‘?e Ftﬂ?ﬁ’)ﬂe‘ﬁ{l 1dey ) Rugylneonids, yehigrolgsh 5 and
100 vol une, % ET% ernatively between 10 and 100 volune % alternatively

bet ween 15 an'g " volune % alternatively between 20 and 100 vol une %
alternatively between 25 WD 2006/ 009553 PCT/ US2004/ 020164 29 and 100 vol une
% alternatively between 30 and 100 volune %  alternativel bet ween 35 and
100 vol urre[“%mbllyt er n#t japetber (saakpdanenty ngigresgive, olelins may ﬁff tesedads vel y

bet ween 45;. 0 %, -.al ti . une %
alternati v((la y%%&vﬁ%rﬁt% (gln%q@(}gp \E/:orﬁa u%%lﬂegﬁ%%@?@e@g agegg %}g%ugé%’and 1%0
vol une % ehyRhéFiroyEene, bRl iledike65 and 100 volume % alternatively between

70 and 100 volune % alternatively between 75 and 100 vol une %
alternatively between 80 and 100 volume % alternatively between 85 and 100

55 “and 10BBRLNG o reckRERImER, "BE, HET, 1SR Bl B, il e Pt veen
al t er nat i velllyrindi6d VIBRRo G PbodN GudiP Oasv Gheth %hickidd. aAdditiomdli ¥@bydipainseen 99 and

100 volunme, % In a preferred enbodi ment the HFC is bl ended with one or nore
chl ori nat ethclugdgdusiag the AFC [in eondhinationpmathe hexages a5 carthigh chiosde Hrd | s

To15a 1 uob Sbknn gt (SERRlp; I BlRCH Al QLR TR ChRbl-Grod Wil HELATC: hane
and m xt ur ggrd fReeRfert tb ARLRIWImMeMztBAHEN aeehbeh dRRide! firodén; Bgtfogen, di | uent

m xture is selected .
argon, neon, helium, krypton, zenon, and/or other inert gases that are preferably

1

liquid at entry to the reactor. Preferred gases include carbon dioxide and/or

nitrogen.

[00103] In another embodiment the HFC's are used in combination with one
or ﬁore nitrated alkanes, including C; to Cyg nitrated linear, cyclic or branched
alkanes. Preferred nitrated alkanes include, but are not limited to, nitromethane,
nitroethane, nitropropane, nitrobutane, nitropentane, nitrohexane, nitroheptane, !
nitrooctane,  nifrodecane, nitrononane,  nitrododecane, nitroundecane,
nitrocyclomethane, nitrocycloethane, nitrocyclopropane, nitrocyclobutane,
nitrocyclopentane, nitrocyclohexane, nitrocycloheptane, nitrocyclooctane,
nitrocyclodecane, nitrocyclononane, nitrocyclododecane, nitrocycloundecane,
nitrobenzene, and the di- and tri- nitro versions of the above. A preferred

embodiment is HFC’s blended with nitromethane.

[00104] The HFC is typically present at 1 to 100 volume % based upon the
total volume of the diluents, alternatively between 5 and 100 volume %,
alternatively between 10 and 100 volume %, alternatively between 15 and 100

volume %, alternatively between 20 and 100 volume %, alternatively between 25



,'ba-s'ed upon its solubility in the polynmer. Certain diluents are soluble in
the polyner. Preferred diluents have little to no solubility in the

‘pol ynmer . wipbaigiobdssy in the polymer is measured by formi er into
~a filmof thickness between 50 and 100 m crons, then Sg‘g%ﬁﬂ%@@@i@g?& | uent
. (enough to cover the film for 4 hourg at -75C. The filmis renoved from
the diluent, exposed to room tenperature for 90 seconds to evaporate excess
diluent fromthe surface of the film and weighed. The nass uptake is

def i ned as el e e alBGLARIE Uehuldicso bhd ORIl ! BodgRkpo. The

di luent or diluent mxtute I's ¢ en so that the mer’ has 'a” mass upt ake

of | ess thartweant 35 apd €i0er adihinel BS altethativady Webveenpi@faad aldyvélase ¥han 2 wt %
* preferably |ess than 1 wt% nore preferat%ly |l ess.than 0.5 wt % 5]00106) In a
preferred etsoatingyibetwern 45 1apd t00oyolame Janaltsnatively bevees et d0Quch’ t hat

the differ e bg . [ ok | [ re.Jg of the
© polyner w ﬂq?(f%% é;ﬁﬁgﬁaﬁvﬁyﬁ @?%P%g’n%%f@u%cﬂﬁé u)r;%fr %%&1 %ﬁ%ﬁ%&%ﬁg} ga-and :
addi tives iaadwWgohéluh?Cr0halibihativély Hetwéra 69 lajdE00nasdameed, aftéhtivdly WO

2006/ 009553 PCT/ US2004/ 020164 30 has been forned into a film of thickness
bet ween 50 hetweeno® #nd ri®Qsyolumgt Yon atterngtiegly dshikesn Vh asl| i¥nvolpmsotgh t o

the fjlm..f t -75C . The ol i 1] i
et r mi ned B5PYTTS, SEo0F Bq A 100 voulig 4 iSpailrpetil SERREAB T e ver
descri bed ivplihie 9w, ialtefmativél9 befwéenSeaml F00 ¥olud¥ deditdredlivelyThawedypdsir e of the

G ass Transition and its Determ nation by Thermal Analysis", in_ Assignnent
of the G agadTi¥hyelumenYe, AlTvatvely tengeenRd7 snd 80| ewolumeds, alersativedn  Soci ety

orepar o nelem it Dbtk S i Eb R &5 b 1pd NEERTT & hec
sanpl e panp @géefémécr\te&iba@ﬂnéﬁ tBe HENOEE Mdnded Rat Wne 8RCnYiY Ehlotinamedi at el y

before the DSC neasurenment. Preferably the Tg values are within 12C of each
ot her, pr dfvdredatbpng tlhi anothier Proferred simbmdiraent the HBE db|splegied Hiom b€ of each

other | pr aronagpisib i didtodneIagh Gl el Rl cktdr Cach

ot her, trifluoroethane, and 1,1,1,2-tetrafluoroethane and mixtures thereof.

[00105] In another embodiment the diluent or diluent mixture is 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%.

[00106] In a preferred embodiment, the diluent or diluent mixture is
selected such that the difference between the measured glass transition
temperature Tg of the polymer with less than 0.1 wi% of any diluent, unreacted

monomers and additives is within 15°C of the Tg of the polymer measured after it



preferably within 5C of each other, preferably within 4C of each other,
preferably within 3C of each other, preferably within 3C of each ot her
prefera 2C of each other, preferably within 1C of each ot :
Pol yrmer B&ét%ﬁ&r&#gcess [00107] The invention may be pr aE?T@éH’"ﬁWZ‘Héﬁtl nuous
and batch processes. Further the |nvent|on may be practiced in a plug flow -
react or and/or stirred tank reactors OI'n particular this invention may be
practiced in "butyl reactors. Il'lustrative exanples include any reactor
selected fromthe group consisting of a continuous flow stirred tank

react or, ahE}?I bﬂgnffpﬂwcr wée adilm af Hucknegs betweenrSGandnl 09 aieross, that has or

nozzl e re and i | ing- pool
reactor. ffeldr}ngﬁrl%gr (ﬁ&’gf%ﬂarc%rﬁ@e 'ﬁhﬁ‘i% ‘5@‘%‘%? af rbgléetg using a
slurry podréﬂ@t!dnzﬁhip@fbnﬁé%ﬂé&nnﬂéﬂ WROHMTEREN AR kR Qﬂ@ﬁﬁl@ﬁr qbstj) '
invention may be a ‘cationic_polynerization process. The pol yrrerl Zation

process of chﬂmlqmv emwdh deseripedin thedvenaiureoios epohpieeBi Yamderhichy SEless. The

pol ymeri z s .of the WD, 2006/.009553 PCT/.LJS2004/.02 164 31
rnventi_onaﬁﬁ ﬁélﬁp]}%tgqnoﬁn%ngglggtgggmg%? gﬂﬁ%ﬁ $150f 4. 7

i sool efin Apg MH&Et%fMla@Tia%ﬁ%hyASW b’fFPQQWOR)’JTEE er,[BH”&%knbﬁ) one
enbodi nent 11 carried out where t cat al yst, nononer,

and di | uenBodciety fpr deging dnd MasrlrabL @hﬂmmaﬂ%pablif?’li Highe qammm i zation

cataryst . SRR Cr oAb e e Bl AR ORRE iip e PRGSBMPI sl ur ry
pol yrmer i z fuérp%dtrﬂﬁ tﬁﬁfaam%rsrem?eraﬁhwe(ar —809 unfil {rhe@iafely) b@f&%ﬂ&é m scibl e

in the uent or | uent m xture .e., constitute a sing ase, while
t he pol yrreDS(bnmastmemattestafm'anyhﬁiedl“ ¢ wahteswire hwiginodl 2°€p af a:ach) rmtlierpm t he

di l uent. Desi.r d £or olymer "swel.ling" is exhibited as
i ndi cat ed BV q";ﬁ?l@m@} ﬂ H‘Sd}tﬁ%{srp& e@lbﬁf P@ﬂ%m Ogﬁﬂ‘?lbr"ﬂ?qrt tle or no
di l uent nagg Kg:ithihh Q M{“%fth&at 4oy Lighi gr g to@fe present
i nvention rg%/llragg %‘o‘:‘_‘ grscg °€ Pyrrer ﬁgfgﬁt ?yat [ or} to hgno]ﬂ at | ow
vi scosi ty piefdralggoedithma°Cr ahsheh Othm‘d yoefdrably 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 3°C of each other,

preferably within 2°C of each other, preferably within 1°C of each other.
Polymerization Process

[00107] The invention may be practiced in continuous and batch processes.
Further the invention may be practiced in a plug flow reactor and/or stirred tank - {
reactors. In particular this invention may be practiced in "butyl reactors."
[lustrative examples include any reactor selected from the group consisting of a
continuous flow stirred tank reactor, a plug flow reactor, a moving belt or drum
reactor, a jet or nozzle reactor, a tubular reactor, and an autorefrigerated boiling-

pool reactor.

[00108] In certain embodiments, the invention is practiced using a slurry
polymerization process. The polymerization processes of the invention may be a
cationic polymerization process. The polymerization process of the invention

may be a continuous polymerization process. The polymerization processes of the



.reactor fouling, honogeneous polynerization and/or the conveni ence of
subsequent reactions to be run directly on the resulting polynmer m xture.

[00110] TWee o@ambssd nononers within the reactor form pargc9fisioSédidy. | N
. one enbodi ment, the concentration of the solids in the slurry 1s equal to or
-greater than 10 vol% In another enboginent, the concentration of solids in
the slurry is present in the reactor equal to or greater than 25 vol % In
yet another enbodi nent, the concentration of solids in the slurry is |ess

than or eq Uig’veﬁt?mf a%KQ 'aﬁ{ nilﬁr?r%ﬁ{i%@{}x%tc@s"sgso fd}tiﬁéjh]%?ﬂ%ong«gﬁ\?/4gﬁ%‘8ﬁfeﬁiﬁt on of

solids in slurry 1S presen e‘reactor fro nyet

anot her enbsslinenisuch beisobigkent badedgolyaherssol ids in slurry is present in the
* reactor from5 to 70 vol% In yet another enbodi nent, the concentration of
solids in slurry concentration is present in the reactor from10 to 70

vol % 1In ye t her [ ; €e,co .atd on. of .spolj LN slurry
- concentrati @Rilﬁgj presglilﬁt%g?r‘l3 gn?é’elg’cpgrg@?%%]%io ols%né%q)%ltdﬁ’rl%eﬁ?eﬁw anot her
enbodi ment , cAtAl9siC iR Abid Gil@ént SRk igieseht its |aU§iﬁgleC}§1ﬁ§€.ntF1@£e't@ﬂ%,i thepr esent
t

in the reactor from20 to 70 vol% In_yet another enbodi ment, the
concent r at i pymefizalisin ig sairigdoub iy § comsimions pekymsenizriiorppresesstin whigthther eact or

f 25 to 7 | % | t . nbodi ment, th trati f solid
105 ey s Metdhet S off HERo 8 SRR D Ga 36 T rScent i n-
t he react or pdlyRRYi38idn0 tHOmeAdfiers) EatMiHNAMO Bt RENOrERN miskBEe in the

concentration of solids in slurry concentration is present in the reactor
from 40 to dibuend| oy dituent goiktng, Rhe condiduteod sengle qdesegwhilke the polsmmer

feed-stream cata initihator,..and dil uent vary..from gne odi ment
{5 anot her  Preggiaist Trasp B e D Bl et opar i B SiloG R, PSR,
processes, gafced Bphogmmble?sv&em@g"n@téﬂﬁ'ﬁtedA@mndi@Jtéchy Nafle oPGld Yg03/ 40903
and PCT/ US03/ 40340. tractive Distillation [00113] To recover unreacted
monomer s sugippeessionodlithd eakynwendand/ont little or arp drluentsmesse ptakedi Thest
conponent s S&%&eﬁ%&t%ﬁ% tilg Gilhents 8IL ‘Eletpgeé[egte invention provides for high polymer

concentration to be handled at low viscosity with good heat transfer, reduced

reactor fouling, homogeneous polymerization and/or the convenience of

subsequent reactions to be run directly on the resulting polymer mixture.

[00110] The reacted monomers within the reactor form part of a slurry. In
one embodiment, the concentration of the solids in the slurry is equal to or greater
than 10 vol%. In another embodiment, the concentration of solids in the slurry is
present in the reactor equal to or greater than 25 vol%. In yet another
embodiment, the concentration of solids in the slurry is less than or equal to 75
vol%. In yet another embodiment, the concentration of solids in slurry is present
in the reactor from 1 to 70 vol%. In yet another embodiment, the concentration of
solids in slurry is present in the reactor from 5 to 70 vol%. In yet another
embodiment, the concentration of solids in shurry concentration is present in the
reactor from 10 to 70 vol%. In yet another embodiment, the concentration of
solids in slurry concentration is present in the reactor from 15 to 70 vol%. In yet
another embodiment, the concentration of solids in slurry concentration is present
in the reactor from 20 to 70 vol%. In yet another embodiment, the concentration
of solids in slwrry concentration is present in the reactor from 25 to 70 vol%. In

yet another embodiment, the concentration of solids in sluiry concentration is



pol yneri zation process, extractive distillation is enployed. In so doing,
di l uent conponents such as HFCs may be recycled as a carrier for the .

cat al yst éﬁmm cat al yst conponents being free of nononers or
essent i aﬁ"f’éﬁ {66 0f mononers such as isobutyl ene and oPhEUS2004/020164

nmonomner s/ conononers. [001141 In certain enbodi nents, essentially free of
nononers refers to low part per mllPon | evel s of nonomers by weight. In-
particular, for an HFC / nononmer m xture, an extractive distillation system
using a suitable hydrocarbon as the extractive agent can provide a clean
HFC st r earitaseat én iBadaegton &eel S0 r dnvobss {maist poothgp smbedimens, dehi eved,

wppm ana v s he; uEGty sRBTmafh IeRl Kk el Ty 1

t he extractg @gegol uim, no traceable nononer is left in the HFC distillate.
1001151 For example, for the R134a / isobutylene m xture, an extractive
distillation systemusing n-hexane as the extractive agent can provide a

clean R1 ream where jsohutylene leyels fromlgs han 10 pm can be -
achi eved, mﬁ]%_/ 00 %30%/‘%2%5%%%%9, MOZOmeY efeﬁ‘i'tstS%Py_,ca?arlY\ﬁa | ess t han
30 wopm  ahitehdahhd/ &llvent Bfa?%l‘;ﬁﬁémtd?ﬁ!knﬁzo‘ﬂﬁﬁéﬂt tgBfothél. ternatively, less than
2 wopm | f enough trays aré provided in the extraction colum, essentially

no i sobutyl ene nonomer is left in the RI34a distillate. [00116] Extractive

distillati is atechnigue well-known in.the art. .It., generally refers to a
di stil | atiO0nar a Fohadpors nformation JeeagigopameriFation PROATSES: 56

| nor east nogorNeekSAb! Vdnkepheionh | Yailickdign t "RogopenIFOEs Mg gy 2 thi

conponent. For exanple, the process nay be generally carried-out in a
cont i nuousP@TAIS03/40346n col um, conprising a nulti-stage distillation colum
with a mninumof two feed points, a reboiler, and an overhead consdenser
for returning reflux to the colum. For nore information, see, e.g., US
Pat ent NOSEx{P.B8€ Digdiation: 200, 431, 5,470, 442, 5,723,429, 5,744,662, , .

5, 830, 325, 6, 156, 161, 6,307,115, 6,527,917, and EP 1 003 699 B. [00117] In
an enbodi ment, extractive distillation occurs in accordance with

[00113] To recover unreacted monomers such as isobutylene and mixture
components such as diluent components such as HFCs for recycle to the
polymetization process, extractive distillation is employed. In so doing, diluent
components such as HFCs may be recycled as a carrier for the catalyst system or
catalyst components being free of monomers or essentially free of monomers such

as isobutylene and other monomers/comonomers.

[00114] In certain embodiments, essentially free of monomers refers to low {
part per million levels of monomers by weight. In particular, for an HFC /
monomer mixture, an extractive distillation system using a suitable hydrocarbon
as the extractive agent can provide a clean HFC stream where monomer levels
from less than 100 wppm can be achieved, alternatively, from less than 30 wppm,
alternatively, from less than 5 wppm, and alternatively, less than 2 wppm. If
enough trays are provided in the extraction column, no traceable monomer is left

in the HFC distillate.

100115} For example, for the R134a / isobutylene mixture, an extractive
distillation system using n-hexane as the extractive agent can provide a clean

R134a stream where isobutylene levels from less than 100 wppm can be achieved,



the extractive distillation systemdepicted in Figure 1. A vapor feed stream
3 containing a hydrofluorocarbon and a nononer is adnitted to the bottom
section w Mofiesis colum 13. A liquid extraction agentp ﬁu’bﬁmi‘/ﬂiﬁlﬁ ed to a
section of the colum 13 several trays below the top of the colum. The
trays above the point where the extraggion agent 19 is adnmtted serve to
fractionate or separate the extraction agent fromthe hydrofluorocarbon in
the overhead distillate 1. The trays bel ow the point where the extraction

agent 19 isaﬁgm fﬁﬁ@ e tr{pen}ﬂ d m xture

of hydrofl uorocatwt?gﬂ an Y%B&\%ar?er(g?ﬁhlrtﬁg&n%\llerl ?g%ﬁ\}é%gr[{%?%rpg&ﬁ colum 13

I s condenseglidriiattxbh) degethad 2 '&ﬁ?ma Hosnbugn hiays atehproeidedeinsitit exiractiopt urned to

the top tray of colum 13 as reflux 33. The_ renaini ng condensate 1 fromthe
®

condensi ng exlemangeentaliyoiseiiylanmhmanemesis deft mihe SlPdadistlason st ream t hat
Is essentially free of any nononers and is sent to the catal yst blending
section. The bottons liquid 27 fromcolum 13 contains a m xture of
extraction F(nﬂr_ls} hy dBgtrhstdveo SR tiRgtOmA R a NEleHgIeS walldkotvn & S@ntartt 0f@  poi nt
approximately at the mddle of a second colum 15. The trays above the

col um 15 f generaby refers to acdistdllative fsepasetiohet & least Swp pompenents fasilitatast i on

agent from.the hydrofl uorocarb .and n r . The .tr el gw t he

col um 15 fggdncrpyswg %é?%%%g%ﬁ@l%%og%fé%ﬂm@i bﬁ’o%‘%‘f‘ngf @]e\rr eto
fracti onat ecoipSRRET 2Fer GSARIME, hey pRickssOmdyh 8c BRRIAILYS dafid-duiein Xt racti on
agent. The overhead vapor 29 fromcolum 15 is condensed in exchanger 7 and

a portion ofonthmoundigihatiomecolymn commisthgtaompiiestagapdistiliationfcobshumith al5 as
reflux 35. The renawn%ﬁéondeinsatﬁ .fl fr@om t hﬁh canden%i n iexckean”er 7 1is
wi t hdr awn aFHRES ORARG E8 PO n A8 Qo et Doh BN F P RETRORE P AT s sent

to the reagdfix b Bedh@AdIFOE mves iifSimatidn Pkl & 0N TLS. MiterithosDo08P3BY) i qui d 37
from colum 15 is sent to a vapor|2|%? "exchanger 11 and a vapor or liquid

n
/ vapor ni R{2004339 5i450/4Ru 583,429, t A% 0BG35, of. 16686 LoP3AR11The col um
15 bottons 37 4 action agent that is essentially free of
nononers. Tﬁ\%%?«iﬁ:aar%%lb@?tﬁ?g#4l of the bottons liquid 37 from colum 15
Is sent to a cooling

(d

[00117] In an embodiment, extractive distillation occurs in accordance with
the extractive distillation system depicted in Figure 1. A vapor feed stream 3
containiﬁg a hydrofluorocarbon and a monomer is admitted to the bottom section
of a first column 13. A liquid extraction agent 19 is admitted to a section of the
column 13 several trays below the top of the column. The trays above the point
where the extraction agent 19 is admitted serve to fractionate or separate the
extraction agent from the hydrofluorocarbon in the overhead distillate 1. The
trays below the point where the extraction agent 19 is admitted serve to extract the
monomers from the feed 3 mixture of hydrofluorocarbon and monomer(s). The
overhead vapor 31 from column 13 is condensed in exchanger 5, and a portion of
the condensate is returned to the top tray of column 13 as reflux 33. The
remaining condensate 1 from the condensing exchanger 5 is withdrawn and is a
hydrofluorocarbon stream that is essentially free of any monomers and is sent to
the catalyst blending section. The bottoms liquid 27 from column 13 contains a
mixture of extraction agent, hydrofluorocarbon and monomers and it is sent to a
point approximately at the middle of a second column 15. The trays above the
column 15 feed point 27 serve to fractionate or separate the extraction agent from
the hydrofluorocarbons and monomer(s). The trays below the column 15 feed

{



exchanger 9, and the cooled stream 25 is prem xed with makeup extraction .
agent 17 to account for mnor losses in the process. [00118] In another
enbodi ma&;o e'ﬁ rqa,g%i ve distillation occurs in accordance wth the o
extractive A% 4t i on system depicted in Figure 2. A VATEVSHEROUH eam 51
contai ning a hydrofluorocarbon and a mgnoner is admtted to the mddle
section of a colum 53. Aliquid extraction agent 67 is admtted to a
section of the:- colum 53 several trays below the top of the colum. The
trays above the point where the extraction_agentﬁf? is admtted serve to
fracti onat PRt %'Eﬁfa?’%f(éﬁ'?ﬁ@na@x?frSé@ﬂaéﬁwe%i@@?ﬁ“mlb the aneRamess fiese Hcar bon i n

t he overhead.di sti! e he ypQi.Nn e extraction
agent 67 |2&§%ﬁ§% eécﬁg‘téthdgﬂgﬁogg&P%&ed %%ﬁ)?‘ﬁ? é %{)er%legqlallg]hf Tlese\(;y)(‘g5‘r10(§1|d§ agmnt ted -
serve to exdfchgt ei:WemHQﬂﬁifﬁbﬁ of e dnldendager refuindd tottheé opirajydeelutisor ocar bon -
and nononer (s). gI'he overhead vapor 71 from colum 53 is condensed in
exchanger 78 asxefluy 350Th¢ symaiping kendensaier’d dremithe condensing gxehpngpre’ iop tray

of colym 53. refl ux 75. . I | 4 ng_candens r t he condensing
exchanger 75ithga andis it o WRGhREFIRPCRT SRS R LN el R
essenti al | ytheresetof featblemdiReéctioaNdAl Sorfiem 23t¢¥ theebot@hi! Ngdid B7ereing
section. A sidestreamvapor 63 fromcolumm 53 contains a mxture of

hydr of | uor cedwisnnt 5 issseahite al vaposrzingogxchhegendromnd & vapar ondiguidiniveperd vi a
feed stream5bl d m nor nt _Qf extraction ent . Vapaqr, sj destream 63
is sent ba@k’gﬁ? :Tasﬂlé rgtélgbepc}? ‘@%@t’lﬁ‘%%ﬂﬁeﬁﬁﬁ? folummy, scmpjghléo dict or
effluent stggam 37 THehk&4ache QBeithfhal Q4 ¥SRnAalY §RE SO MUnomkrandrighove the
si dest ream vapor WO 2006/ 009553 PCT/ US2004/ 020164 35 drawoff 63 serve to

i nprove t heremsiming pyrtivh Hyefrtb¢ boiteros lighidr37i from ltehunme | hanwent i scodlimg e 50 and
m nimze the recycle of .hydrofl yorocarbon in stream 63 to the, reactor

Sect fon THEHRIRE Shamb i dneted SR 25 itstisn WA MR Srafion it

fracti onat el’p{O&%Qﬁﬁt%ﬁmﬁﬁ)}%éﬁhhue?}cjce@f t he nononers fromthe extraction
agent. A portion 59 of the bottons Tiquid 79 fromcolum 53 is sent to a

vaporizing exchanger 57 and a vapor or liquid / vapor m xture 55 is
irgt ;J Lgegx: ?E’@B?Nﬁogég aﬁq&@% e(r)rIbOE:hhnelen ? t!':xL{Trgc]:tivJ Hgtiﬁgtko%nyccg% i%oa{[cggr ancset ream 79
with the extractive distillation system depicted in Figure 2. A vapor feed stream

51 containing a hydrofluorocartbon and a monomer is admitted to the middle
section of a column 53. A liquid extraction agent 67 is admitted to a section of the
column 53 several trays below the top of the column. The trays above the point
where the extraction agent 67 is admitted serve to fractionate or separate the
extraction agent from the hydrofluorocarbon in the overhead distillate 50. The
trays below the point where the extraction agent 67 is admitted and above the
point where the feed 51 is admitted serve to extract the monomers from the feed
51 mixture of hydrofluorocarbon and monomer(s). The overhead vapor 71 from
column 53 is condensed in exchanger 73, and a portion of the condensate is
returned to the top tray of column 53 as reflux 75. The remaining condensate 50
from the condensing exchanger 73 is withdrawn and is a hydrofluorocarbon
stream that is essentially free of any monomers and is sent to the catalyst blending
section. A sidestream vapor 63 from column 53 contains a mixture of
hydrofluorocarbon, essentially all of the monomers that are admitted via feed
stream 51, and a minor amount of extraction agent, Vapor sidestream 63 is sent
back to the reactor section where it combines with the reactor effluent stream.

The trays below the column 53 feed point 51 and above the sidestream vapor



is-essentially free of nononers. The remaining portion 81 of the bottons
liquid 79 fromcolum 53 is sent to a cooling exchanger 61, and the cool ed

st ream 7 Aviooodaioesssxed wit h makeup extracti on agent 65 t&ﬁgmymm;@r m nor
| osses in the process. 1001191 One skilled in the art wll recognize all

anci |l ary equi pnment such as mnechani sngsfor chem cal transport such as punps
and optional equipnent that nay be conbined with the aforenentioned
enbodi nents. [00120] Additionally, one skilled in the art will also

recoan 26 alhekfek] YaSe ib bl YBE b bEAYHId AiGoB 86 F TP R Setlao! ums

such as packing materials In ckings such as pall rings,
rashi ng ri ngstillaadotad mikmizstheabdycks of Ay dracinoifoeskbpadiiishgasm q30£bl k]
Extractive agent refers to a higher boiling solvent that is added to the
azeot r opi ¢ TERKIOUSECEN. aZHst fraYse Delowe the gidgplecamy vapere drawedf (63| serve eto

avord the | BPHEPRirO S PARERPH AL 0, GO Gforlingl B e/ BB pyca° '

separation gf %drHSn SSNEoRBdtoafs idied 79 frginnedlw@ansy anéenbad lai Vigpoizlgur €. | n
enbodi ment, the extractive agent refers to any material that can separate
di | uent conprsharges X7rangh avapas 05 diguik/ Henesrixtue [590s 2otumed tgrthe bpBeionent , t he

extractive nf..CONPILIL Ses, O i essentiallyv.of a drocar.bon. WO
2006/ 009553&%%# teagh 233%5@%%%@%}5 SRR LTS ct%ntaﬁé’%etﬁ?tr active
agent conpr jsSQseniuHy FadTaAShonsHE N TAS réaXialiy gottdoh 8PtoTike bbRGAL fluign ot her
enbodi nents, exanples include but are not limted to butane, pentane,

net hycycl opéhfremecolumatidxissent to armephng peshanger 613 andrthergaolashiteeam 77 is
2- met hyl but ane,. 2, 2-.di net hyl but ane, 2, 3-dinethyl butane,. 2- . et hyl hexane,
3¢ et hy| hexBivalixegd é‘?ﬁ\ﬁ“ﬁ% af‘?éfacg?fi-a&fa%g%gﬁg r?@fy‘ﬂ'ﬁ’?l Or $nigor jsges ent ane,

[
2, 4- di et hyhpeedsane, 3, 3-di net hyl pentane, 2-nethyl heptane, 3- ethyl hexane,

2, 5-di met hyl hexane, 2,24, -trinethyl pentane, octane, heptane, butane,
nonane, decane, dodecane, undecane, hexane, nethyl cycl ohexane,

cycl opr Opanﬁ]ﬁl 19] One skilled 1n the art will recognize all ancillary equipment such as
mechanisms for chemical transport such as pumps and optional equipment that

may be combined with the aforementioned embodiments.

[00120] Additionally, one skilled in the art will also recognize alternatives
to the use of trays in the aforementioned columns such as packing materials
including loose packings such as pall rings, rashing rings, and the like as well as

structured packings.

{00121} Extractive agent refers to a higher boiling solvent that is added to
the azeotropic mixture or azeotrope-like mixture to alter the relative volatilities of
the components. The choice of extractive agent is made to avoid the formation of
additional azeotropes or the like and allows separation of the components of the
original constant boiling mixture. In embodiment, the extractive agent refers to

any material that can separate diluent components from at least one monomer.

[00122] In an embodiment, the extractive agent comprises or consists

essentially of a hydrocarbon.



cycl obut ane, cycl opentane, nethyl cycl opentane, 1, 1-di nmethyl cycl opentane, -cis -
1,2-dinethylcyclopentane, trans-1, 2-di net hyl cycl opent ane, trans-1, 3- -
dinethyl“ycla&enta et hyl cycl opent ane, cycl ohexane, neth éﬁlohexane
benzene 3¢yl ene, ortho-xyl ene, para-xyl ene, mef&r ﬁ?F Q20144 4

m xtures thereof. [00125] In another epbodi nent, the extractive agent
conpri ses hydrocarbons such as al kanes, including C4 to C22 linear, cyclic,
branched al kanes, al kenes, aronatics and m xtures thereof. Exanples

i ncl ude but ane pentane cyclopentane | sohexane,_ 2- nethylgentane

3- et hyl per04h3] 2 hhﬁ?rﬁ’ﬂll Bpf, e OXUACHYE rAgent camprises, bydIPGasboRa but ane,
2- nethylhe , 3-ethyl pentane, 2, 2-dinethyl pent ane,

2, 3-di met hy gg% gﬁggs%ﬂémggéﬁgthylpentane, 3,3-dinethy| pent ane,

2- nethylheptane 3- et hyl hexane, 2,5- dinethyl hexane,

2.2,4,-trinethyl pentane, octane, heptane but ane, nonane, decane, dodecane,

undecane, H@Q& , netkypt}@ycﬂmms expEmles dpsdude bt ereopat Smated to

cycl opent a rret h cl opent.ane %él cyc n Ci s 2-

di et hyl cyc nt a %ﬁgrt‘ % an8* }hyfy‘al Hﬁ‘%‘br cygﬁ.l H?’angzog} %‘tﬁ'ﬁgd 13'

di met hyl cyche@@periafe, €2- meﬂgusﬁt@m;entza.m@;me@hsqb@taﬁéaw-dnﬁ&tmylwt&leof@xane and
m xtures thereo Ct her exanpl es of hydrocar bons i ncl ude benzene, tol uene,

xyl ene, ortmeﬂlxmeémﬁ,, rﬁamwm@iﬁee, nethylpeniane, AG-dowthdperss, ?-,3-

PCT/ US2004/ 1 hex
m xt ures of H@&Yﬁ% %F@%gﬁ?%e@%&fe%‘géﬁmﬁﬁ’ylgﬁl a8 % @Hﬁ’ﬁetﬁ%&:’ 'he
separation &f lha%etybaﬁﬁletﬂym&aﬂ 3%a _imEthSBRntahk, d&mﬁeheﬁx&d bhbak, t he

i nt roduction of an effectivé anount o hexane to the m xture of i sobut yl ene
and HFC beum@anc,mpammalpédca@e,oundsmehe)@ne,pmcﬂwbnydéhm eyshhprepanehe

ffect t f t of I C. Thi d

The vol ati Libuihes ST HiapPuRns.  RethEoshetuite bi-Beetiifioratine, &S at i on
and avoi ds ibf‘dnﬁé 91::?1@]%?&39&111@290'[ rt@.ﬁiscl‘i tliiﬁetﬁ?f& 'o ént&‘i’é ween trdn%qb}u yl ene
and Rl134a or Rl152a

I'n these enbodi rrents n hexane and/ or “mi xtures
of hexane i&oretindcyclopentane, ethylcyclopentane, cyclohexane methylcyclohexane,

benzene, toluene, xylene, ortho-xylene, para-xylene, meta-xylene, and mixtures
thereof.

[00125] In another embodiment, the extractive agent comprises
hydrocarbons such as alkanes, including C4 to C; linear, cyclic, branched alkanes,
alkenes, aromatics, and mixtures thereof. Examples include butane, pentane,
methycyclopentane, isohexane, 2-methylpentane, 3-methylpentane, 2-.
methylbutane, 2,2-dimethylbutane, 2,3-dimethylbutane, 2-methylhexane, 3-
methylhexane, 3-ethylpentane, 2,2-dimethylpentane, 2 3-dimethylpentane, 2.4-
dimethylpentane, 3,3-dimethyl pentane, 2-methylheptane, 3-ethylhexane, 2.,5-
dimethylhexane, 2,24, -trimethylpentane, octane, heptane, butane, nonane, decane,
dodecane, undecane, hexane, methyl cyclohexane, cyclopropane, cyclobutane,
cyclopentane, methylcyclopentane, 1,1-dimethylcycopentane, cis 1,2-
dimethylcyclopentane, trans-1,2-dimethylcyclopentane, trans-1,3-
dimethylcyclopentane, ethylcyclopentane, cyclohexane, methylcyclohexane, and
mixtures thereof. Other examples of hydrocarbons include benzene, toluene,

xylene, ortho-xylene, para-xylene, meta-xylene.



are well-suited in the practice of the invention because they have a high
enough boiling point relative to the RI 34a / isobutylene mxture or RI 52a

/i sobut y\@¢h®comxt ure to all ow separation of the conmpoperigs206daf40ri gi nal
constant boiling mxture and avoids the fontati on of new azeotropes between

t he hexane(s) and R134a / Rl152a. Addi gfonally, hexanes have a | ower
nol ecul ar weight and | ower boiling tenperature in the towers conpared to
saturated or unsaturated hydrocarbons containing nore carbon atons. This

| eads to rmgﬁaéggferat e &Pad tei‘mbanﬁémg,eﬁnﬁm{euraﬁd@p%m&%%umetﬂegaﬁéw

distillatio prrent. [00128] In certain enbodi nents, saturate
hydr ocar bonsosices ganefeenseddascareextractisa agema tive thehsepacatian hifrisotoltndeneofibiiei r | ower

reactivity war d roation of . undesirabl e byproducts (polyners, o]igoners,
etc). Extr a@ﬁ%%éﬁﬁg@ tlhéﬁtb%lpé(egﬁ}ﬁaéﬁ}ﬂee%m’mggg%ﬁ AR chicchYfe amoppt ‘é% e | ess
desirable b : . t wth the
HEC and  helorss io AERANE of iRk wrCRENFING BcROMAr PO RORRE & e
requi red sepattiohiod BIRCacdures e difovere actvatyi coefficioit af idobtitylenerrslutvé gobut yl ene

and/or lower_relative volatility versus the R134a or R152a. [00129] In
certain enb8dCreAbis refyces dheyvelatiligy af isphptylene 1,the praserse %ﬁﬂﬁ frings ol ubl e

[ the HFC gughiddle £ANGGoAk HEMISLAIMECS: { DAbLbRRIRE! IRELIAN UMER(S) W 1

be operated an at the extraction solvent orm an azeotrope i1tself
with the HEGbulWEn2@NERI09568RIPSIL. US2004/ 020164 38 [001301 The effective
amount of the extractive agent can vary wdely. In general, however, using
an i ncreased anount of extractive agent will enhance the recovery of the

di luent co suc 0] ‘ i tractive
Spent 1o eniRR en © B et Bebinen Ol HEX AR A0r e 8L bEhant Rme” |
basis, alteaiaikl-ehiyed r hepaitict oI .the ihveniien bivaute thed Ava a Wbh ehowth vel y,

fromabout 0.5:1.0 to about 1.0:0.5,  and alternati veh%/, fromabout 0.7:1.0
to about 1.bewding pointgeletys te theaR134mbispbiilene mixtue n K1i52aH deghubrens or m
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fraction
mixture and avoids the formation of new azeotropes between the hexane(s) and

R134a/R152a. Additionally, hexanes have a lower molecular weight and lower
boiling temperature in the towers compared to saturated or wunsaturated
hydrocarbons containing more carbon atoms. This leads to more moderate

conditions of temperature and pressure in the distillation equipment.

[00128] In certain embodiments, saturated hydrocarbons are preferred over
unsaturated hydrocarbons due to their lower reactivity toward formation of
undesirable byproducts (polymers, oligomers, etc). Extraction agents that are
lighter than hexane or the like are less desirable because they have a greater
tendency to form azeotropes with the HFC and they require more trays in the
distillation tower(s) to make the required separation due to the lower relative
volatility versus isobutylene and/or lower relative volatility versus the R134a or
R152a.

[00129] In certain embodiments, it is desirable that the extraction agent be
soluble in the HFC over the range of temperatures that the extraction tower(s) will
be operated and that the extraction solvent not form an azeotrope itself with the
HFC.



R134a at 75C. R134a and isobutylene also formazeotrope-like m xtures in.the .
range fromO0. 750 to 0.999 nole fraction R134a at 25C and 75C. Any m xture-of .
R134a and i sobutyl ene can be separated using the extractive distillation .
process WEWE/N9EE herein. [00132] Figure 3 shows a pl ofCEUSHE/02815dr
pressure of mxtures of 1,1,1,2 tetrafluoroethane (134a) and isobutyl ene
over the entire range of conpositions 3rom0.0 to 1.0 nole fracti on Rl34a.
Data is shown for two tenperature levels, 25C and 75C. Fromthe plot, it is
cl ear that a maxi mum vapor pressure is found at the azeotropic conposition
and that there is a range of conpositions fromabout 0.750 to O. 999 nol e

fraction R1 ere Oor pressu are ssentl I const
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fraction R152a. Data is shown for two tenperature levels, 25C and 75C. From
the plot, it is clear that a maxi mum vapor pressure is found at the
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- R134a and 1sobutylene can be separated using the extractive distillation process

described herein.

[00132] Figure 3 shows a plot of the vapor pressure of mixtures of 1,1,1,2
tetrafluoroethane (134a) and isobutylene over the entire range of compositions
from 0.0 to 1.0 mole fraction R134a. Data is shown for two temperature levels,
25°C and 75°C. From the plot, it is clear that a maximum vapor pressure is found
at the azeotropic composition and that there is a range of compositions from about
0.750 to 0.999 mole fraction R134a where the vapor pressures are essentially
constant, indicating azeotrope like compositions over this entire range.

[00133] In another embodiment, R152a and isobutylene form azeotropic
compositions at 0.87 mole fraction R152a at 25°C and at 0.94 mole fraction
R152a at 75°C. R152a and isobutylene also form azeotrope like mixtures in the
range from 0.750 to 0.999 mole fraction R152a at 25°C and 75°C. Any mixture of
R152a and isobutylene can be separated using the extractive distillation process

described herein.

[00134] Figure 4 shows a plot of the vapor pressure of mixtures of 1,1

difluoroethane (152a) and isobutylene over the entire range of compositions from



.tire innerliners. These sane properties are also of inportance in air
cushions, pneumatic springs, air bellows, accunul ator bags, and

‘phar maceuvigcabsgdogsures.  The thermal stability of the padyBiesedoiéhe
i nvention make themideal for rubber tire-curing bladders, high tenperature

.service hoses, and conveyor belts for hgt material handling. [00136] The
pol ynmers exhi bit high danpi ng and have uni quely broad danping and shock
absorption ranges in both tenperature and frequency. They are useful in
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bunpers, auto exhaust hangers, an The polynmers of the
i nst ant i nv@stQ.orFramehe lphu, iisefcldar ithmttd mexingingd ewpdr wressuce iy fomdd conipounds. | n

- sidewal I s, the polynmer characteristics inpart _good.ozone resistance, crack -
cut growt h, 2EFRITORYRAIRATHION aT’ﬂé12 6{‘?%? a13nge Of EOMPARIEORS @E?‘J‘ta(?%@ be

bl ended. Pr ?}?9@9? é&@%c@&ﬁ@l@?? Q@Er@%&\ﬁg})?@@g#tﬁ&e&eréwﬁﬁﬁy eBltadixhi bi t

- phase co-contindity vyi excelTent si nprovenents “in wet, snow,
and ice ski dndiestimptaacstaspedikd compdsiyiohs aadritiiis esitelrange. conpr omi ses i n

abrasion resistance and rolling resistance for high performance tires can be
acconpl i shed by using the polyners of the instant invention. W 2006/ 009553

PCT/ US2004/ %Rlﬁ Agpéf@A quds of the polyners of the invention with

t hernopl astic resins are use’gﬁ%or t ougheni ng of these conpounds.
H gh-density pol yethyl ene and isotactic pol ypropylene are often nodified
with 5 to 30 wt. % of polyisobutylene. In certain applications, the instant

pol ymers prd09%881f or hsi gpveptien eseribedo hpwsimdnay et used ge omaaufaptuee i n
th | asti i i T | i i nvent i on.
'S0 bo. b emARs LRGERREAler SRl e bied deOPRbmeal | 00 T

1001391 The tpghsaeicoudks forehd Rsganusésvitheseopolymyrsahanelyeintisethibasand

adhesi ves, caul ks, seal ants, and gl azi ng conpounds. They are al so useful as
pl asti ci zer $irg pnneykinses. flhesairame orepoiesharpAlsp of spportangd ip Al evshionsbber . I n

[inear | oW gAY et h e blcBRla G5 and Bl Shdlfts ©

stretch-wa
The thermal stability of the polymers of the invention make them ideal for rubber

tire-curing bladders, high temperature service hoses, and conveyor belts for hot

material handling.

[00136] The polymers exhibit high damping and have uniquely broad
damping and shock absorption ranges in both temperature and frequency. They
are useful in molded rubber parts and find wide applications in automobile

suspension bumpers, auto exhaust hangers, and body mounts.

[60137] The polymers of the instant invention are also useful in tire
sidewalls and tread compounds. In sidewalls, the polymer characteristics impart
good ozone resistance, crack cut growth, and appearance. The polymers of the
invention may also be blended. Properly formulated blends with high diene
rubbers that exhibit phase co-continuity yield excellent sidewalls. Improvements
in wet, snow, and ice skid resistances and in dry traction without compromises in
abrasion resistance and rolling resistance for high performance tires can be

accomplished by using the polymers of the instant invention.



films. They are also widely enployed in lubricants as dispersants and in-
potting and electrical cable filling materials. 1001401 In certadin

applicati onsh t he polyners of the invention make them also useful in
chewi ng- WP W%R3 | as in medical applications such asPCHISIHO2WMSH cal

stoppers, and the arts for paint rollers. [00141] The foll ow ng exanpl es
refl ect enbodiments of the invention af are by no neans intended to be
limting of the scope of the invention. EXAMPLES [00142] For the VLE

measurenents (isotherpal P-x data) two different static devices were used
as descri belP038low. HBldeef thenpolymercel theiipwgntiont with dharmeplaste sesine

follow ng principles be u . this pro e, . ressure f
di fferent o%fgr%ﬁeg fgf)&p F?lingnczfeﬁlsesérggg{?f’ “at iﬁgﬁ'&%ﬂ&ﬁ 8%%%’@%r QI?‘PThe
first appajsafabic g@l%ﬁ@yﬁﬁ_@bﬁl &fterain ot HTgdew A 8118 S 0bet weﬂp@%olﬁn?wiewo K and*
pressures up to 2 a. This apparatus has to be operated manually. The

second appkreerigin applispianas the inpjans pebimers providedfor ahighly glastic eempewpkr at ur es
bet ween 278 .and 420 K .a r eSSy es to 2 MPa 2096/ 0095

peT! USo00. Bab 1ERocE e R e A cPolied BalintieRy e IRE B R sed
conpounds  ({nsfiHi Bee@ion hhkied b@@l@ﬂé@@iﬁaﬁ@aﬁﬂﬂeg fofhi® GthMtiadagtik] Which is
evacuated and placed in a thernostatted oil bath. The pressure inside the
cell is nonapmicatibnsi t h a pressure sensor (nodel PDCR 4010, Druck: range: O

to 0.35 and 3.5 MPa for the manual set-up and nodel TJE-CP-1g, Sensotec:
range O to 2 MPa for the conputer- controlled set-up). The pressure sensors

were cal i br gjoggow t h ThEMREFHER Bal 18 CRistahVaARINtBA Oy Ohlsd 100 QiseP&)) - The

tenperature is neasured with a P1100 resistance therfroneter (nodel 1560,
Hart Sci ent adliesives; trmilts, ceadewy, afthelazimglcomponpdssi Theynareaalkso desefulmased from

10 S o B Vel S

appar at us apfly geRRR BOlyElYRhe gqynmm)i BieRidd,| PRy AHARS: khng a8 SstltcH-Rfap
conput er - oper at ed apparat us. e liquid phase conpositions are obtai ned by
films. They are also widely employed in lubricants as dispersants and in potting

and electrical cable filling materials.

[00140] In certain applications, the polymers of the invention make them
also useful in chewing-gum, as well as in medical applications such as

pharmaceutical stoppers, and the arts for paint rollers.

[00141] The following examples reflect embodiments of the invention and

are by no means intended to be limiting of the scope of the invention.
EXAMPLES

[00142] For the VLE measurements (isothermal P-x data) two different
static devices were used as described below. However, any device suitable to
demonstrate the following principles may be used. In this procedure, the pressure
of different overall compositions is measured at constant temperature. The first
apparatus can be operated at temperatures between 200 K and 500 K and
pressures up to 20 MPa. This apparatus has to be operated manually. The second
apparatus is operated by a computer and can be used at temperatures between 278

K and 420 K and pressures up to 2 MPa.



sol ving mass and vol une bal ance equations which are al so taking the
vapor-liquid equilibriuminto account. Table 1 Experinental Px data for the

Syst em Ri@faoédoesss i so-butene (2) at 25.01 C XI P/ kPacwlshobokiRas 0. 0000
306.41 0.5199 644.04 0.0056 315.12 0.6167 662.79 0.0149 328.92 0.7037

675.22 0.0243 342.40 0.7831 682.29 040335 354.97 0.8504 683.99 0.0412
365.20 0.9015 681.61 0.1036 435.67 0.9387 677.12 0.1581 483.49 0.9657
671.92 0.2368 536.77 0.9823 667.68 0.2871 563.46 0.9902 665.39 0.4021
610.21 0.9968 663.29 0.4221 616,73 1.0000 662.28 WO 2006/ 009553

PCT/ 1JS2004/ 020164 42 Table 2 Experinental Px data for the system Rl134a (1)
+ i so- but enf@123] at 7PhezhddmoxXatt&l, kRaifd, Phdk agasted 0OQPAOIGB. (MqOids580 2192. 6

0. 7442 233aligrelisdams) voitasess w1 Dk pel which t1ovaratad 100 pased D377 5

0.0960 1419300330 APBAthSTHE pleddime insife hPcadPE3mérifred with a pressure

| sensor (model PDCR 4010, Druck: range: 0 to 0.35 and 3.5 MPa for the manual
set-up and model TIE-CP-1g, Sensotec: range 0 to 2 MPa for the computer-
controlled set-up) The pressure sensors were calibrated with a pressure balance
(Model SOOOS or 21000, D&H). The temperature is measured with a Pt100
resistance thermometer (model 1560, Hart Scientific in both cases). The total
compositions are determined from the known quantities of liquids injected into the
equilibrium cell by piston injector pumps (model 2200-801, Ruska) in case of the
mamal apparatus and stepping motor driven injection pumps in case of the
computer-operated apparatus. The liquid phase compositions are obtained by
solving mass and volume balance equations which are also taking the vapor-liquid

equilibrium into account.

Table 1
Experimental Px data for the System R134a (1) + iso-butene (2) at 25.01 °C

b ¢ P/kPa x P/kPa
0.0000 306.41 0.5199 644.04
( 0.0056 315.12 0.6167 662.79
0.0149 128.92 0.7037 67522
0.0243 342.40 0.7831 682.29
0.0335 354.97 0.8504 683.99
0.0412 365.20 0.9015 681.61
0.1036 435.67 0.9387 677.12
0.1581 48349 0.9657 671.92
02368 536.77 0.9823 667.68
0.2871 563.46 0.9902 66539
0.4021 61021 0.9968 663.29
0.4221 616.73 1.0000 662.28




0.1896 1658.6 0.9812 2357.1 0.2576 1798.9 0.9893 2352.8 0.3410 1947.6
0.9958 2349.5 0.4345 2068.1 1.0000 2347.2 0.4957 2133.2 Table 3 Azeotropic-
conditions derived fromthe Px data Conponent 1 Conponen az P.
kPa R13WQ 84¥8ene 25.01 0.84 684 R134a iso-butene ’fé“&?”ﬁ”@%“%é?
2006/ 009553 PCTI US2004/ 020164 43 Tablgz4 Experinmental Px data for the
system R152a (1) + iso-butene (2) at 25700 C Xl P/ kPa XI P/ kPa 0.0000
306.02 0.5148 561.42 0.0067 313.32 0.5902 576.18 0.0145 321.58 0.6754
588.55 0.0221 329.62 0.7536 596.98 0.0292 336.91 0.8206 601.59 0.0361
343.56 0.8713 603.10 0.0497 355.99 0.9090 602.80 ( 0.0690 372.68 0.9367
601. 72 0.1038 399.33 0.9537 600. 66 1&bkﬁg7 438.19 0.9614 600.05 0.2201
467. 03 0.9954 596.54 0.2995 500. 3 0000 595.98 0.4151 537.19 Table 5
Experi mental PEXaefmentalPy data &ystbwsm's%ytﬂ()‘)ﬁlspwtwﬁ% 4Gt 75.01 C

X P/ kPa X1 P/kPa
0.0000 1100.0 0.5530 21926
0.0218 1179.9 0.5611 21983
0.0339 12228 0.6542 2274.6
0.0427 1252.4 0.7442 23340
0.0556 1294.8 0.8241 2367.5
0.0617 1313.7 0.8851 23775
0.0960 1419.0 0.9300 23743
0.1395 1538.0 0.9623 23652
0.1896 1658.6 0.9812 2357.1
02576 1798.9 0.9893 2352.8
03410 1947.6 0.9958 23495
04345 2068.1 1.0000 23472
0.4957 21332

Table 3

Azeotropic conditions derived from the Px data

Component 1 Component 2 T/°C - ¥iaz P,/ kPa
R134a iso-butene 25.01 0.84 684
R134a iso-butene 75.02 (.88 2378




- X

P/ kPa X1 P/ kPa 0.0000 1099.5 0.5965 1961.9 0.0176 1149.1 0.6847 2014.9

0.0249 1168.5 0.7670 2054.0 0.0396 1206.4 0.8383 2076.9 0.0553 1246.1
0. 8923 2Q@P2m6/06ds9P18 1261. 1 0.9325 2090.6 0.0980 1342p81As2M10206090. 1
0. 1516 1450.2 0.9799 2088.2 0.2089 1550.0 0.9882 2086.3 0.2864 1664.9

©0.9952 2085.9 0.3824 1782.8 1.0000 208%.2 0.5056 1893.9 WD 2006/ 009553

" PCT/ US2004/ 020164 44 Table 6 Azeotropic conditions derived fromthe Px data
Conmponent 1 Conponent 2 T/ Cvy,,,= Paz /| kPa RI52a iso-butene 25.00 0.87
603 R152a iso-butene 75.01 0.94 209Irablebl e 7 Analytic VLE data for the

system R134a (1
Y2 Y3 140 9.9

aperimanatl st i o sier

+ n-he

KB bisochl

x2 X3 Yi

ﬁg%zéfgsé Xz 40 9. 045

. 75848 0. 00504
0./41670 0. 95995
00027 0.03760
flsuch as ASTM
ted by

O R 0 00158 [ ZIE 7 ey FNEeY B SR ST RIEE®,
0.00299 0.03706 |5 40.080605 0. 57980D. 00D45 005144957 0. 36R4S8 O.
rethods) . and of fer_4908ent 4 oi SLtvher ol n AFEOTUL [l | 8CbHbor
reference to 0.0145 321.58 0.6754 588.55
0.0221 329.62 0.7536 596.98
0.0292 336.91 0.8206 601.59
0.0361 343.56 0.8713 603.10
0.0497 355.99 0.9090 602.80
( 0.0690 372.68 0.9367 601.72
0.1038 399.33 0.9537 600.66
0.1647 438.19 0.9614 . 600.05
0.2201 467.03 0.9954 596.54
0.2995 500.31 1.0000 595.98
0.4151 537.19
Table 5
Experimental Px data for the system R152a (1) + iso-butene (2) at 75.01 °C
X; P/KkPa X P/ kPa
0.0000 1099.5 0.5965 1961.9
0.0176 1149.1 0.6847 2014.9
( 0.0249 1168.5 0.7670 2054.0
0.0396 1206.4 0.8383 20769
0.0553 1246.1 0.8923 2086.5
0.0618 1261.1 0.9325 2090.6
0.0980 1342.8 0.9619 2090.1
0.1516 1450.2 0.9799 2088.2
0.2089 1550.0 0.9882 2086.3
0.2864 1664.9 0.9952 2085.9
0.3824 1782.8 1.0000 2085.2
0.5056 1893.9
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5 40 8.405 0.57998 0.00045 (.41957 0.96213 0.00027 0.03760

[{00144] All patents and patent applications, test procedures (such as ASTM

methods), and other documents cited herein are fully incorporated by reference to
the extent such disclosure is not inconsistent with this invention and for all
jurisdictions in which such incorporation is permitted.

[00145] When numerical lower limits and numerical upper limits are listed

herein, ranges from any lower limit to any upper limit are contemplated.

[00146] While the illustrative embodiments of the invention have been
described with particularity, it will be understood that various other modifications
will be apparent to and can be readily made by those skilled in the art without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present
invention, including all features which would be treated as equivalents thereof by

those skilled in the art to which the invention pertains.
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tane, 3-ethyl hexane, 2,5-dinethyl hexane, 2,2,4,-trinmethyl- pentane, octane,
hept ane, , nonane, decane, dodecane, unde- cane, hexane, cycl opropane,

cycl obut ane, cycl opentane, , 1, 1-dinethylcycl opentane, cis

1, 2-di met hyl cycl opent ane, trans-1, 2-di net hyl cycl opent ane,
trans-1, 3-di net hyl cycl o- pentane, ethyl cycl opentane, cycl ohexane,

nmet hyl cycl ohex- ane, or m xtures thergof and wherein the

hydr of | uorocarbon(s) is represented by the fornmula: CFl FZ wherein x is an
integer froml1l to 6 and y and z are integers of one or nore. 2. The nethod
of clainkjhéﬁgﬁéein the m xture is a reactor effluent. 3. The nethod of
claim1l, the m xture is an azeo- tropic mxture. 4. The nethod of
claim1, wherein the hydrocarbon com prises hexane, heptane, and m xtures
thereof. 5. The nmethod of claim 1, wherein the C4-C, isoolefinis

i sobut yl enel. A method for separating components of a mixture, the

method comprising contacting an extractive agent with an
azeotrope-like mixture, the mixture comprising at least one
dissolved C,-C, isoolefin monomer and a diluent comprising
one or more hydrofluorocarbon(s), to form a stream of
hydrofluorocarbon that is essentially free of the at least one
dissolved monomer, wherein the ratio of the extractive agent
to the diluent is from about 0.5:1 to about 1.0:0.2 on a molar
basis, wherein the extractive agent comprises at least one
hydrocarbon, wherein the at least one hydrocarbon comprises
butane, pentane, methycyclopentane, isohexane, 2-methyl-
pentane, 3-methylpentane, 2-methylbutane, 2,2-dimethylbu-
tane, 2,3-dimethylbutane, 2-methylhexane, 3-methylhexane,
3-ethykentane, 2,2-dimethylpentane, 2,3-dimethylpentane,
2,4-dimethylpentane, 3,3-dimethylpentane, 2-methylhep-
tane, 3-ethylhexane, 2,5-dimethylhexane, 2,2.4,-trimethyl-
pentane, octane, heptane, , nonane, decane, dodecane, unde-
cane, hexane, cyclopropane, cyclobutane, cyclopentane, ,
1,1-dimethylcyclopentane, cis 1,2-dimethylcyclopentane,
trans-1,2-dimethylcyclopentane, trans-1,3-dimethylcyclo-
pentane, ethylcyclopentane, cyclohexane, methylcyclohex-
ane, or mixtures thereof and wherein the
hydrofluorocarbon(s) is represented by the formula: C,IH F,
wherein x is an integer from 1 to 6 and y and z are integers of
one or more.

2. The method of claim 1, wherein the mixture is a reactor
effluent.

3. The method of claim 1, wherein the mixture is an azeo-
tropic mixture.

4. The method of claim 1, wherein the hydrocarbon com-
prises hexane, heptane, and mixtures thereof.

5. The method of claim 1, wherein the C,-C, isoolefin is
isobutylene.



