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conmponents. In particular, the invention relates to

the use of an extractive agent such as a hydrocarbon

in an extractive distillation process to separate

nmononers such as a C4-C7 isool efins such as
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chras HO, RCOOH (wherein Ris an alkyl group), and

HyQrofiwrdcatponfsd (MBCY.nmeri zat i on process, in what is

generally referred to as the initiation step,

I sobutyl ene reacts with the Lewis acid/initiator pair

taeKesiuoeN® car beni umion. Fol |l owi ng, additional

nmonomer units add to the formed carbeniumion in what

|ts genlelral |y called the propagation step. These steps
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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 AlCls and BF3;. Examples of initiafors include
Bronsted 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
jon. 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, etc.) in the

diluent methyl chloride. Typically, the polymerization process extensively uses



pol ymeri zation process (to produce butyl rubber,

pol yi sobutyl ene, etc.) in the diluent nethyl chloride.
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usesnet hyl chloride at |ow tenperatures, generally

| ower than -90C, as the diluent for the reaction

m xture. Methyl chloride is enployed for a variety of

reasons, including that it dissolves the nononmers and
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tHl%t gg&ﬁlgﬁ@g(s)/pum(s) The rate of aggl oneration
i Ncreases rapidly as reaction tenperature rises.

Aggl onerated particles tend to adhere to and grow and
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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



to renove the exotherm c heat of polynerization, which

is critical since | ow tenperature reaction conditions
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commercial process. [0006] U S. Patent NQ 2,534, 698

P €E¥6ses, inter alia, a polymerization process

conprising the steps in conbination of dispersing a

m xture of isobutylene and a polyolefin having 4 to 14,
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isobutylene and a polyolefin having 4 to 14 carbon atoms per molecule, into a
body of a fluorine substituted valiphatic 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 teaches that the suitable
fluorocarbons would result in a biphasic system with the monomer, comonomer
and catalyst being substantially insoluble in the fluorocarbon making their use

difficult and unsatisfactory.
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atons per nolecule which is liquid at the

pol yneri zation tenperature atnd pol ynerizing the
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adffreasdss.a hi gh degree of polynmer insolubility to
capture the benefits of reduced reactor fouling.
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reasons. [0008] U.S. Patent. No. 644,.809 te%
|p;p§qassapq>rapnsdn$)oqh9 EERS, AR | 0 ination 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
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,



process conprising the steps in conbination of m xing
together a nmmj or proportion of a nonoolefin having 4
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[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 flammability

particularly as compared to hydrocarbons and chlorinated hydrocarbons.

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

accommodate for such new technology.

[0014] 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



and/ or reduce the anmount of chlorinated hydrocarbons
such as nethyl chloride is desirable. [0012]
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[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
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
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such as isobutylene by sinple distillation is not
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havi ng HFCs and i sobutyl ene are not usable as carriers

for the catal yst systemdue 10 the pol ynerization of
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to the deleterious effects this has on catal yst system
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[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.



[0022] In the previous enbodi nents, subsequent to
contacting with the extractive agent, the contact
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nmononer. [0023] In the previous enbodi ments,
subsequent to contacting wth the extractive agent,
the contact product nmay conprise fromless than 100
wppm of the at | east one nonomer. [0024] In the
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and/ or m xtures of hexane isoners. [0032] In any of
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hexane, heptane, or mixtures thereof.

[0031] In the previous embodiments, the hexane may 6omprise 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.

1

[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.



agent to the diluent is fromabout 0.2:1 .0 to about

1.0:0.2 on a nolar basis. [0033] In any of the
w@e@eioaniss enbodi nents, the ratio of the extracPCwES2004/020164

agent to the diluent is fromabout 0.3:1 .0 to about

1.0:0.3 on a nolar basis. [0934] In any of the

previ ous enbodi nents, the ratio of the extractive

agent to the diluent is fromabout 0.5:1 .0 to about

1003d). 5 on Ia 4Bl af thasiesiou @ADOYinhentgnite akirhdétion agent has a

previous enbodi nents, the ratio of the extractive

aglatidity equivdentito be¥anei s from about 0.7: 1.0 to about

1.0:0.7 on a nolar basis.[0036] In any of the previous

enbodi nents, the extraction agent has a volatility

qgaodNal ent Ianhefaneprefi008Zhbodinents, dfe dt henspoms/inonemer is a

enbaod] men%s, the at | east one nononer is a C4-C7

is0b1 ¥PPI8IM [ 0038] In the previous enbodi nent, the

C4-C7 isoolefin is isobutylene. [0039] In any of the

previ ous enbodi nents, the m xture is a reactor

Do38]ent . [IDAUOPrevivuanmbodinteht the €vCoigoolefingslisabyylene.

the mi xture is an azeotropelike m xture. [0041] In any

of the previous enbodi nents, the mxture is an

J0699]" OPi C 1 %hyHlof- the GRé¥busT Rgbedinias, | the Mixsiire! Isad iredvtor

process may involve a two columm arrangenent wherein

téeffuentt racti on of unreacted nononers such as

i sobutyl ene takes place in a first colum and the

purification of the extractive agent takes place in a

S[040]d col UlNany| $03 Jprdhicusesthiiithems, e shixthirats amazeotrope-

process may alternatively involve a one col umm

kedAiréHBNt wherein both the extraction of the

unreact ed nononer and the purification of the

extractive agent takes place in a single colum. In an

ejobdt]i nent , Int iy efkthegoeviows ehlsadimeatsj te mixgtrerds an azeotropic

conmpri ses one columm, at | east one
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 distillati;)n 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.



condensi ng exchanger, and at |east one vapori zi ng

exchanger. [0044] The invention also provides for an
W@2@eewpi ¢ m xture conprising 1,1,1,2 PCT/US2004/020164

tetrafl uoroet hane and i sobutyl ene at about 0.84 nvole

fraction 1,1,1,2 tetrafluoraethane at about 250C and

at about 0.88 nole fraction 1,1,1,2 tetrafl uoroethane

at about 750C. [0045] In yet another enbodi nent, the

i nvention provides for an azeotrope-like mxture

conprising_1,1,1,2 tetraf] ugroet hane and .i sobuty] en

i[ﬁOr?‘Sﬂle rande ¥etorAnalstt cbodsgenty TZlﬁo mV%Fl%gpﬁ?e{?Q&S for an

f i R: . ) r : in the

G TS e R AR C R S e

iraenfrorambputod.7 8k so bout DOWzmoler fogeition nli, k1 2rtetrafluoroethane at

conpri_sin .1 di_fluoroethane and i sobutyl ene at about

G@gwﬂﬁb¢égéggﬁﬂﬁéﬁgl,l di fl uor oet hane at about 250C

and at about 0.94 nole fraction 1,1 difluoroethane at

about 750C. [0047] In yet another enmbodi nent, the

i[A046)t i on Pnoyedemofher  embediment; ofhe- inveatiph xpipvides for an

conprising 1,1 difluorqet e a ' i

GG SR8 T noue 1 b gt stutite & 4 07
Imdle Fablist01 2k flaNBeBhnk AUbut2B0C and dt atvauD.9450¢e fBRliEE1,1
DESCRI PTI ON OF THE DRAW NGS [0048] Figure 1 represents
ahifleerbetbitnresimbertt AnCextracti ve distillation system
[0049] Figure 2 represents another enbodi nent of an
extractive distillation system [0050] Figure 3 shows
qop4mt of tlhe yempaiothat esmbodimeht, mibet linesitioh pravides2 for an
tetrafl ugroet hane (134a) ang1 i sobyt yl en(ﬁ. over t he h
'ereptrperiisgrixgie campyengilohdifl Lﬁ'@}{? gnd; isgbyfyjene m the range
[t 5@ 4Rabd R0 @ty SP W Bl RiAncOl: abbt 25°C

vapor pressure o m Xt ur es
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.



di fl uor oet hane (152a) and isobutyl ene over the entire
range of conpositions fromO to 1.0 nole fraction R

WG 2@s089583 LED DESCRI PTI ON [ 0052] Vari ous speci PET/US2004/020164
enbodi ments, versions and exanples of the invention
wi Il now be described, including preferred enbodi nents
and definitions that are adopted herein for purposes
of understandi ng the clained invention. For

ISt EANED DESORIPTIOEMENt, the scope of the "invention”
will refer to any one or nore of the appended claims,
|nclud|ng their equivalents, and el enents or

[Q@gé] at i onsy Oagrgxlﬂg F%{e&ﬁ%q léhl\ﬁ@hffl{%ntg Oyd105e ahBaExe@ﬁ}ﬂes toﬁ” the

pur poses of this invention and
qh@dnﬁsn tth hmeivtbet dbecﬁtmdmmhidatg/pﬁefagedteafnodeﬁ@ﬁs andrdefimitions

i ncl udes any. Lewi s acid(s th
Gh%td“% adepigdheysia f %@%@é%&f%nég&sragﬁmgﬁﬁ ﬁ@mﬁ ﬁfﬁt&on? For
1ﬁ %{frﬁl érﬁvﬁfat ceee o?%hé’\’@llnlverﬁﬁnatwﬂl%i%tr t8NRy one or

i ni tl a Optl Oona ot her m nor cat al yst
anomROaE nhe( sapper[cEd)Sdl}nmm iopledingb deimmequivalenis, and edlements or

prow desgg gﬁffé%lgg’wf?ﬁ? tﬁﬂﬁqﬁ%lra(%énfesﬁgé ??r?n ;op0| ymer,

the pol yneri zati on medi um conprising one or nore Lew s
acid(s), one or nore initiator(s), and a_dil uent
d0a3li si ng Brepwposesraf thwrrmenmr @@d\ﬁb@)ﬁé ams (thgretas the term

I n anot 181 enbo
R PR e PR 15 SR RPEOLbEES el
NIl FRBH TREd &) cdiflyZOhHa Iﬁ)lj’flﬁéﬂi&bn olflliﬁ: plefiicanomadroof the
medi'um conpri si ng one or nore Lewis aci

dmmréwm, evnysili a5 pigleasieonsy inigater, pd rPLEY fYoeﬁ%ebalHP%l) catalyst

com o’nefé@ﬁre' n the one or nore Lewis acid(s) is not a
oun epresented by fornmula MX3, where Mis a

group 13 netal and X is a hal ogen. [0056] The phrase

"suitable to pol ymsrlqze non msrs to form.

| L
r008dles t o Ionheneetabe ’@ﬁmoft Boly R, é’f‘?vdﬁesg gn\égﬁﬁgﬁgmon
aNdaiaRMRAABRS poyRhdri2¥ ddd! & 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 MXs, where M is a group

13 metal and X is a halogen.

[0056] 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



the ability of those skilled in the art necessary to

obtain the production of a desired polyner in |ight of
wWEe@eossspar anet ers and conmponent properties deSDUSe€020164

herein. There are nunerous permnutations of the

pol yneri zation process andvaei ations in the

pol yneri zati on conponents avail able to produce the

desired polyner attributes. In preferred enbodi nents,

SRR TEIeS polRaletgtiopotsthpatutsy heslablowopoidyce s desired

I sobut yl ene-i soprene (hutyl rubber) copol

ipfbbmryw&ﬁiém@ﬁd p&t aPYFE‘%TFﬁﬂ s%ryb%@)elefépgw nﬁorgfy’r%% include
SR HRIGRCfo Ry mE! ﬁgﬁuttyf%ﬁp-‘i’éo\{)%'éag%%?Qb@r)%%lﬁﬁers,

| refers to any gas, ~vapor,
deubuiylaid and pherehylstfyrdneecopblymeys, sftlestarpohyched | bugtli whber
and after the precipitated pol yner has been separated
deipob@sYered with the exception of very ninor anount
of polynmer particles that may be present in the
reactor effluent. The reactor effluent includes the
d005Ent or Reactonrefflednt deferetn sny ghes appedifued or combination

nongr as wel | as .oth ts,in the e
RSP &F T oo Sy P S PRS0 ol BBl s s
RRLY SBfaratéd asPietSRred WRh R ¥ ilonSifSieMinfiior @ioahydftpolymer
system conponents are present only to the extent the

areetigeehenmay be prespa] ip the fezetor eriluepipobs rethh%f#PeWéagié‘deS

di l.uting or. di sselyi na agen ' '
3&1@0‘4’1%63%% )l?nég]fef ot géi lltuglgtls’n%%ulglgeé%%édr'ln caogl%{ &5 Well, 85 qtber
asonRIn¥e 1S tHeQBed diecatayut Systahsithadie et repicvied eatipthe pelymer.
initiators, nmononmers or other additives. In

h
pPheeuree the catplyst syslemt PlorRialy He Y ROMPOgEHS a%?FoSfeafffF oply to
t f th
AP sHERFGEY S rtich fler bOB R APRAIED ™ onent <

yneri z e conponents of the
catal yst system nononers, etc. However, it is

recogni zed at interacti . between the dil uent d .
r005¥lan: s By i o HBRBE 0 S EeARRT ( pdiltent is
d%JeHﬁfaﬁllﬁ QAERndClo MEREE cHbihitalshBat ddrahotsds Weheor the Lewis
conponents, nononers, etc. to any appreciabl e extent.

AAdidt jothreal thetal téreplexesmivitiptoantmppranerdes ot yddiivest b the
lper%gtgcet o e inr\r/grrlt?onc,“tilé'l eclrﬁtug’nt does not alter the general nature of the
components of the polymerization medium, i.e., the components of the catalyst
system, monomers, 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 shurry concentration is the volume



[0059] A reactor is any container(s) in which a

chem cal reaction occurs. [0060] Slurry refers to the
worRoob/e%ssdf di |l uent conprising pol yners that he@EUS2004/020164

precipitated fromthe diluent, unreacted nonomers, and

a catal yst system and/ or catial yst system conponents.

The slurry concentration is the vol unepercent of the

partially or conpletely precipitated polynmers based on

tlefechD bR khev phrtiaBy @k doliplatlyrprycipiifed pblydreo basgdeomithe total

azeotropi c conposition or mxture refers to a constant

Bolumnaef the §lW- admi xt ure of two or nore chenical

substances. One way to characterize an azeotropic

conmposition or mxture is that the vapor produced by

qgmii]al eV afugeoaiop© Noro raz@:ﬁtmpid Icam'positioﬁ thhenixiuai fdrasto a

the sa osition as t |dfrom ich it

é@aaalaﬁ%la% 19l AdmixigEe o At chsfiical gitances. "Bhe way

ﬁ%ﬁ%&%ﬁﬁe s az%%bll:'c% gs&hw slsmmhﬂaqytha@ 2ERRAPbHL prodaded by

ange. Constant boi | conpositions are
qimama‘-lcﬂveporz‘em as daszlblamropf ﬁletﬂe@a@l das ttltfegarm peppesition as the

it VBT B PR Pl e b AL i LLRAERE o
CRSMANEMEes viithodt 8&hpOtichal SRS CofstamiEyoilaigSeonigisitions are
to maxi num or m ni num vapor pressure for a mxture at

fp}gxae@mzcénp@zwww bgsavsephey exlkibideither ¢ maximpmar HsiEum
ra tion [0062 e e r
r]%ofl e Peigh 25 ccgﬁiptaéerﬁit&% | r?g,ﬂll(eorrl&gu g?lj a ftclOIH %rem)ﬂﬂé Same

Biits b@inl dz8@tropic chthpbs&ﬂm by alBo odfet toamanimmnT e minimum
chem cal subst ances. In an enbodi ment
AVADET PISEBUT {0 BHFIIGST @i Ve EmeFRiyre Wiea R‘z‘%ﬂ?&ras a function of
pﬁ&% %ﬁ oRy partial evaporation or distillation of the

i"qui & havi ng substantially the sanme conposition as
the liquid fromwhich it was evaporated or distilled,
es or .distills/reflu

\?\jﬂgﬁ%ﬂu: hgua ?%ﬂ)%qlf)r& lkg\c/?ﬁ%@g?l ion) ﬂléfm)& IGgEers 19,& cons e boiling,

At Qﬁgs%ﬁah% k&)n%ﬂp 9§ilﬁlg 0 'ﬁqﬁi@y adhB@ure edfe ftwd Qrt Mere chemical
regi on whi ¢ i's shown p otti ngkvapor pressure at

gsubstan¢esnpe raatemt@dasera, aruwmr@pﬁ e pryhpositiqaciefesn to the vapor
\é\gﬁ??réﬁ%?h[ yog%& g f ! esif(%?or & Stﬁl%ﬂ&tl APipd hqlrﬁﬁq{alv}’ng 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



conmponent conpositions. [0063] Extractive agent refers

to a higher boiling solvent that is added to the
W@2@onewsps ¢ m xture or azeotrope-like m xture POI/EE1084/020164

the relative volatilities of the conponents. The

choi ce of extractive agent i18 made to avoid the

formati on of additional azeotropes or the |ike and

all ows separation of the conponents of the original

%ﬁ? Shadiial B0t Ichi Gepbirkt WiRent! ddngpohents fient at lehe one monomer as

extractive agent_refers toany material that can

slepraitbad & @oradaiail bysPonent s from at | east one nononer

as described in nore detail herein. [0064] As used

herei n, the new nunbering schenme for the Periodic

8068 G oupSs wed hesen, the new rOhEHOAISCHND fonchaReRIdNGTable

EWS, 63(5), 27 (1985). [0065] Pol
Kapehs 418 e DI RRISAL S5 BN REFETE L a3 et o83
terpolynmers, etc. Likew se, a copolynmer may refer to a

pol ymer conprising at |east two nononers, optionall
Vi0065]ot her Bubymernsy pe066] toheferatq GONPPPLYIMETS, e¢QPOFERETS,

t.o as. conprising a nono t he nonemer . i '
RSO FHa (eTHO EHES p Oy HEFPYEE 1 BORBNC ey RED Rl ofymer
| DotRinder 148t twbemb iR foptiBRal ORI Bther lokemese, when
cat al yst” conponents are descri bed as conprising

neutral stable forns of the conmponents, it is well

st ood one skilled j e a - the oni

H@ﬂﬁélof t he 8%038ﬁfnelrslgtrﬁgelﬁegrtr% {1 %g? &?ggg sgvl\ﬁ1 t E e 10
RIS Ss pRes@itaf deepdiphyiniartie pdl§fGiiked foiuifithe nnbasedr in
polymer refers to polyners copprising at | east 80 nol

othe efsdsativigniora ofr s mappsBeTy | E%Wlﬂeob‘%’w cpabst gpmponents are
ref ers .t l.efi e, t SotRSIdehtd! i well
o) es?r beedsgsrrgg%:ﬁ ?%%ﬁ Hflg%z%&{l%l ti o$g$itﬁ8r ef er snle%dg’ éﬁ?
nersedodriay bmgskitled irt therar risat diow ipinge fromdof the cemponent is the
preferred enbodi nent, the nultiolefin is any nononer

clomprthatirergts Wish BsrPORARES IYFGBIE BOHEE Ssuch” as

I sopr ene. (

[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

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.



[0070] El astoner or elastoneric conposition, as used

herein, refers to any polynmer or conposition of
W@oiogHesss3 consi stent with the ASTM D1566 defi nP@T/082004/020164

The ternms nmay be used interchangeably with the term

"rubber (s)", as used hereins5[0071] Alkyl refers to a

paraf f m ¢ hydrocarbon group which nmay be derived from

an al kane by dropping one or nore hydrogens fromthe

ooyl a, S@thlaﬁe,ferﬁotb exmaﬂfmc aydretapbn @royp Widkh )may be
or an ethyl group CH2), etc 007 r ef

detiyel Geay %ﬁ k@% ﬁ?ps C%rﬁmmg &nﬁ&fam{”ie 2‘%‘?%*’*&% {5 Torirlla
S04 & Kei'axah ehefneﬁfgﬁ’ FRhoC CERTROU @ﬁlyﬁgl%np CH;EAY), ete.

exanpr e I'ene;” phenant hr ene,
ant hr acene, etc and typlcally possess alternate

doubl e bondj n unsat W th t t
Byl gr O%FPS r%fe’ish(?s Zhygk c&eg{o\%ldtﬂ?tr gs :mg g‘}: o Cmre
%ﬂ%@tlléﬂgtup 2[45199196 Elﬁnl%iﬁldg rsuéHJése fdi)é@iﬁlﬁﬁﬁnserfzbﬂépﬂabﬁhalene
formula suc for ‘exanp henyl, or C6H5. [0073]
M@}Em

Sdhbm}treneohmta’a@ns £G.,raypl tpassesataltemats deyile bonding

oo R GRS AR EHRR ¢ [0 S8hF bATa from
falnth?émﬁ‘t?o cdMipdufd b} Rlkepphilg B orthbrethydedgehofiym(the férandd such
or al kyl sulfonate), thiol, alkylthiol, and hydroxy;

aiskhpr exanplei pfisnyloer Gstinched chain having 1 to 20

carbon atons which includes nethyl, ethyl propyl,
tert-butyl, isopropyl, isobutyl, etc. alkoxy,

qoo#djght orsbkanedadiee i nepabémem ofiavieasy obe hyd@gen group by

e Lo e e o XA S0k e
Sﬁ&f&ﬂgar 15’&1ﬁé3x3ému?c? ritedr ¥ul?dkty°€§ﬁlfoﬁi’a%@toy|m sulfonate), thiol,

hent y hept ryl oxy, octyl oxy,
rtcllaylttﬁady and hyldmi&y;ydlh)xly strdughtoeﬂ thhevlmh@m h?é’él“r&l to 20 carbon

strai ght, or nched .ch O

SROme WHPEFerLies GBIl GRSl 1B9PY (PERuP St PR e
a{lﬂoil)n %ﬁ%ﬁ@ or TRAnBX@RhE alkbkemammghylo 20 Gdilblfmtdﬂmhs, and
fTuordmet hyl, i odomet hyl, 2-chloroethyl, 2-bronoeth

2intludes, dext dxpinple3 nthaxye p‘rh@py | propRxyk psgmﬂpngbﬂqutoxy, 1so¥3utoxy, :
BT e A
dbdrpdeyehdiyloxy? ard decd:ar; datdajilyl, Rhidh 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.



di bronmonet hyl, 2, 2-di fluoroethyl, 3,3-dichloropropyl,

3, 3-di fl uoropropyl, 4,4- dichlorobutyl,

wa2ebemodssaior obut yl , trichl oromethyl, 4,4-difl up€DD81094/020164
trichloronmethyl, trifluoronethyl,

2,2,2-trifluoroethyl, 2,3,316rifl uoropropyl,
1,1,2,2-tetrafl uoroethyl, and

2,2,3,3-tetraf noropropyl. Thus, for exanple, a

'[60Magt i t ut ¢ shyr embedithent,” thincinvdeton relates to the use of

- met hyl st j ?-et hyl .
B GORREIFIoOR(E) <on RIFBHE | W YD B SCgORRY wih 1Bffocarbon(s)
| f ;
R LI e DA bo G B D e e
Ft@ fqﬁﬂﬁ@(?g., alsp @byereed siows glpssililkes hess stitlgsparpielonén the reaction
oul|n i,e., SO I [ . .

L0 i 8025 ST S ook e 8 ot
adnRILAE ediRed Mt ks pafticldBggiessRkiol). Morkhgarticularly, this

stirring inpeller as well as reduced particle to
paventioh eclaigg totherae pHhydrofierecashen flidugni(s) gr HE & diluent blends

i nyenti.on rel atesg, to,the e h f oca :
BRI ey bt PbR iRl RpR S erize and
BPb19Mmesinb Qsd oIS Owitl ddiasar o hikplsyrémes pl yrodnée ésoolefin
and copol yneri ze isool efns, Wi th di enes and/

ehOK}ﬂ:m Weaheand sopplyiste With oﬁl@?iﬁﬁarﬁldms%m%e@“aﬁ gfouling.
r . i I '

SR Sy B 1 80 R ot ki e

1l f witle g davchbond ehd/entils)inated diytiroeatbob|bdendls ted polymerize

hydr ocar bons and/ or chlorj.nated hydrocarbop blends to .
wﬂmﬂwrgﬁ&%ﬁ%‘rw&ﬁi %nqsstaoﬂ’fég‘ﬂ%sls b‘Fﬁn &088@96{30 with
F’sﬁ%ﬁﬂgﬁjﬂ:}ﬁi‘g@&&ﬁ'rghcﬁﬁﬂgﬁﬁ'ﬂg&ﬁl Wik d 1 e8Pl 18RTbE the reactors, as
reduce eactor fouling and hence |onger run life for
tdompaeatctb@osyerdionaoypamed t o conventi onal systens.

[0075] In one enbodinent, this invention relates to

the di scovery of new polynerization systens using

obpgnt s copt GHendrbdimento iy frvep@sbaaes bhibs disdblrgnif iew
effectively dissolve the sel ected catal yst system and

nEipmerizationt systesnsr using i dieyts pessitaiaise Vvisrratlygspeagpens.  These

p r product .. P ' ' '
RSB PP PR R SRR ST Bl RS bt e
a@ QBRI Ridr ablvehtsHot yteepolpact prodast. t Bolgmetizatohesysam using

their depositing on polynerjzation hardware. I.n
these dilue%ts are 16%5 prone: toy fouling due to the aggomeration of polymer

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 slurry polymerization and production of a polymer slurry that is less



addition, this invention further relates to the use of

these diluents in polynerization systens for the
w@e@paowss on of hi gh nol ecul ar wei ght pol yner sPErusS2004/020164

copolynmers at equivalent to or higher than to those

pol yneri zation tenperaturesiasing solely chlorinated

hydr ocarbon diluents such as nethyl chloride. [0076]

I n anot her enbodi nent, this invention relates to the

?)'r&feoﬁbeﬂoﬁhﬂé WEile p@wﬁﬁfgl cﬁ@s‘ohnmn&;f&hemnexs icoonomer and the
| uorinated aliphatic hydrocar ? S ca able o
alr

ePEESTRy Ppreteredt allgdalumipsmeh Glilygpy el 2fitgn. this
?X‘feﬁlﬁgﬁ lﬁeraijeisa‘eesbt%ntﬁg o %k 1Rk dﬁlﬁ@f% %I’ ﬂlesﬂrls‘ﬁd'rthon of high
polyre roduction of a polymer sl'urry that
Ixﬁolb@ﬁapﬁaglﬁ podyrheny |andl gopadints apbighert polyngexizasmult@mpemtures
of rmno [T(hcormnomsr and the commer.c

AR oR GYSFS (G7H R aFPERREY Fpgfotarbon
'dWﬁ%ﬁ%%&ﬂu£Qﬁ&ﬂ_rdﬂ£ﬁ tes to the use of these diluents

for the preparation of high nolecular weight polyners
and copol ymers at hi gher polynerization tenperatures

ﬁﬁﬂ Irrﬁgtr :g(nwagr&%ner I Zg{:ql’l%]g,n Sitgﬁeﬁlogsr'leln%ts P #h%l pfeparation
It RbbKAnicl QQ&BbollyﬁleYsetan@r&ipB@&n@ﬂbeﬂieﬁﬁﬂy thbhpslymerlzanon

invention relates to the preparation of isoq]efni
heatn:mos yerpritsd da predise| therisobutykeapdsipsaney forment butyl ribber and

! %%‘Lt]}f %rlméﬁé lﬁyis(%rlee@g Eé(');%oo Irr%rg?%orr? g?xfngul%glg dﬂ{‘é ?n%ﬁﬁon relates to
I§0ﬁ1@ﬂ%he - Prodyriiatiztgy r eme e@@wrymmg Mook-:ﬁns 1n a shurry
particularly, the |nvent|o relat a ) net ho

ef

pmlxm@rrlzailpng REPRESE 0 YOG md W 1pents, %{f glPlal?qSy of
f

P i

cm ori Sat eFI hydr ocar bon di | uent s, like net hyI

chl ori de 0078 ther t

pl@0yRer i zat fro B]FenE Hae gr ne{%aﬁl(m/ @hsﬁnbsnof the present

I%%/ﬂtfé)% CJ id€ @mowﬁ/me%lzﬁlg aansdrﬁ&{mmm Iefvighfath Acto 7 @ifbon

on atons "and par a- al kyl styrene nononers. In
aatoms d amt epana-alkybstyees enewunesshodhmeerordsmeg hwith a preferred

| embol 1}ngrr1]t o%hﬁles ){nvterel{lgnp ' %duc s%erﬁogl%ld}ﬂg@r %oﬁcﬁ?xtn@fsn 'c&gtammg
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



bet ween about 80 and 99.5 wt. % of the isool efmsuch
as i sobutyl ene and between about 0.5 and 20 wt. % of

W0 b@opaasss al kyl st yrene such as par a- net hyl st yr BeIEUS1004/020164
accordance wi th anot her enbodi nent, however, where
gl assy or plastic material s1are bei ng produced as
wel |, the copolyners are conprised between about 10
and 99.5 wt. % of the isoolefm or isobutylene, and
LeTeT p@f&a@ﬂ d3®@Q Wt lowe, PreftRBlYPINE at lopress yrefmahly SLARC or
as para-nethylstyrene. [0079] In a preferred . . .
domserd prederebly Hrem | hGetpt the rfreﬁélrl&tpégﬁtog the gplymesization medium,

R BRbATEASrRhobRt kAMGAl |V POl yTer| 2aD) e

conprising contacting, in a reactor, the
nononer (s), a Lewis acid, and an initiator, in the
presence of aln HFC dil uent at a tenperature of QOC or
INdgramers e BXMErS - 100C or | ower, preferably -200C or
| ower, preferably -300C or |ower, preferably -400C or
| ower, preferably -500C or |ower, preferably -600C or
1[06080], pr efMomirhers WHIGChoy [bevelymerizstldyatbisysysgap @cbide any

B SRR R el 8 BB Bt

t RSN Y MR R bhO B TREHeUSD oleHfd) Ashd-blefial, | dleustitunsdl olefins,
nononmer m xture. Mononmers and Pol yners [0080] MNononer,

) . ; .S
viboadéfinspgoregates] gienes, nenrcoyiugaed dispes, ShitPiey giforRpstituted

.t

hydr acar bon. mpnoner fhat. 1S [ LN S
FGHES ot ViYL o e Rty BT HIRREAE (65! B9 iB) Bith an
ol 51?1, talipbar ali@kidesgroth.s Phsfetablyt éb mbadiascontains 2 to 20
i sool efins, conjugated dienes, non-co i aged di enes
ﬂaﬁbﬁélrﬁt@@sadn@/edﬁe rabdx 2tt®9eave§1tf9?férﬂf6§ ai)%a JP fygarbon dtoms.
r T I C Sty .ed ' -
PRy off, FORLRY, I, JRoRUD et PR Iy Fch0) pare
Ruethelsabdne, hlpha-nmetioie sty adivinylbenger) dasdpoepeaybaszene,

nore preferably 2 to 9, even r referably 3.10 9

Cap B, rigcin b ripicas: SeRAT aral. oTerRHe PRED GaBoprene,
51?&%&%&%, 2@?&1&1‘1&%%%&{&_@%@, RBRAB! Ryhceh! r6edimethyl-fulvene,
al pha- net hy styrene, divinylbenzene, i :
dhaxadipns peolpbéreadiens pipesdbug, yesid vipyl r@@?eﬁ,wthyl_\gmleeﬁl@r, and
Si_sgrt?&t}bly\lfiﬁ}:!]_ el%filérearr]l%’ the2 _liﬁ?g.t tf\)fcl)do%ieg %Qatyeeﬁ?o bt TORbfAfons of two or
more monomers. Styrenic block copolymers may also be used a monomers.
Preferred block copolymers include copolymers of styrenics, such as styrene,
para-methylstyrene, alpha-methylstyrene, and Cs4 to Cso diolefins, such as
isoprene, butadiene, and the like. Particularly preferred monomer combinations

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

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



but adi ene, 2, 3-dinethyl- 1,3 -butadiene, b-pinene,
myrcene, 6, 6-di nethyl-ful vene, hexadi ene,

weywbomsss adi ene, pi peryl ene, nethyl vinyl ethe€T/Us1004020164
vinyl ether, and isobutyl vinyl ether and the I|ike.
Mononmer may al so be conbi natibons of two or nore
mononers. Styrenic bl ock copolyners nay al so be used a
nononers. Preferred bl ock copol ynmers incl ude
canRehiy f@;}ﬁ?fsii Héage mblt:&hrtz&tie hPasmetisuriwneof Olefins, A Critical
par a- net hyl styrene, al pha-nethyl styrene C4 to C30
dnmnéqrryn@ser&u%wnﬁéyq Wilgy Eperscigiigea tic@n g0 k&%ﬁ the |ike.
Particularly preferred nononer conbi nati ons i ncl ude 1)
i sobutyl ene and para-nethyl styrene 2) isobutylene and
i[e02]ene, dFhewmbhonass hmryqujrgsm’rm thé polszmutzgtrcenteedlum in an

0081] Addit | ud
otk g From, oty et b B Guoeilept sEeHRvdy 6o
cﬁ% R Ql?errhazcﬁ;elypﬁoﬁf (Qv&‘%' 1350.2Aviok | atlte@rﬁitlvely 30 to 0.5

Inventory, Joseph Kennedy, W/l ey | nt'er sci ence,
Yook, aeﬁﬁnvm ROwEYego it Witdealtamyativelyorng fremhdsd WTS/O o 1 Wi% in
cati oni cg c‘il Bol yneri zabl e, such as those nononers
{anqther probe éﬁ e of stabilizing a cation or

propagati ng center because the nononer contains an

el ectron donating group. For a detailed di scussi1
d0esali oni c laafeaneggogvr@ﬁrew@dgé@r@@plmﬁreo f any of the monomers

Pol f 0 :
TuDi uBR-eaP Ry Eafpli corchihbbYS e RYEREplysobutylene
[Wl ]ra-ﬂﬁ&ﬂr)ﬂ@f/l@ﬁ@f Spdlmyo}henepr @sBstyrdng, t belyalpha—methylstyrene
po yrrerlzatlon medi umin unt ra 75 wt %
tRploviog! ieeys (ﬁﬂclbﬁ'ep@ﬁ%@wﬁewﬁ?‘f @Wﬁ@gi \‘fgil?}{i%rg] W % t 0
0.1 % alternatively from40 wt%to 0.2 w%
alternatively 30 to 0.5 % alternatively 20m %to
O[08s4 % al Pnefemmtll poeyryeramiboflndnddsowly/mm@ of htisehugylene and

anot er enbodr Preferred pol ymers incl ude
nhbEEY H%FsmB# %ﬁ dRAPEHEr s 1isted in this

Section. Exanpl es of honmopol ynmers i ncl ude
pol yi sobutyl ene, pol ypara- et hyl styrene, pon|soprene
pIOPSE yr eneln poé¢ yatboHamenst bijylspelymees, arﬁoplgﬂ?ﬂl‘ﬁgll byt gastine 2

(golilrcfono?nserrr)r%( e, tﬁcy rln\llxlitulye hatV Fat 1&94 é’l?tatd;l X'(ﬂgyl LShEE! dnonomer
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 wt%. The
conjugated diene component in one embodiment is present in the comonomer
mixture from 30 to 0.5 wt% in one embodiment, and from 15 to 0.5 wt% in
another embodiment. In yet another embodiment, from 8 to 0.5 wt% of the
comonomer mixture is conjugated diene. The C4 to Cs isoolefin may be one or
more of isobutene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene, and
4-methyl-1-pentene. The multiolefin may be a 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



[0084] Preferred polynmers also include copol yners of

1) isobutylene and an al kyl styrene; and 2) isobutyl ene
w@r@eioswps ene. [ 0085] I n one enbodi nent butyl POI/YRE0$£020164

are prepared by reacting a cononomer mxture, the

m xture having at least (1) 2a C4 to Cisoolefin

nmononer conponent such as isobutene with (2) a

mul ti ol efin, or conjugated di ene nononmer conponent.

Thes bsrebakidie vt 15 & 03nges isopranéDott by Baching0%tby9.5 wi%

wei ght of the total conmononer m xture in one

asebobilensnwith 95 wevedo (55 wirt% ISAPIERGIhaet aethsaicmbedimgnt. The
anot.her . i i i i i
{5 AR A Tl Ml SRR o e e o

anslvenbodi nent is present in the conmonomer m xture
from30 to 0.5 w% in one enbodi nent, and from15 to

0.5 W% in anot her enbodi nent. In yet another
enbpdients—from8to 05 WP of the_comgnoner. i Xt.ur é
ef

i s corvttaled’ dijenomol PhdC o w57 B3] ef i nMely”od&Sone
or pore—ef—isebytere—2—Aethyt—t=—bttere—S—methyt=

1- but ene,7@- et Ryl - 2-BL ene, | and 45met hyl |- - pen_ﬂene.

Thelmultiolefinlmay be a-C4

such as igppreng, butgyh ene, 5 4.2
2,3tdinmethyl -1 _3-butadiene b-pinene nyricene—6-6

di et hyl -4ul veneg, hexgati ene, | cycl ogent adi ene amsd

pi peryl ene. One lenbodinment of the butyl rlubber polyned
of the inygntion is offained{by repsting BS to;99. Swt ¢
of |sobutylene with 15 to 0.5 Wt% isopre ar hy
reactingo83 to 99.5 wggisobutylengywith 5.0 wdqto
0.5|Wwm % iSoprene in yet anot her enbodi nent. The
followng table illustrates how the above-referenced
w % woul d be expressed as nol % a. I C4 - isobutyl ene
b. | c5-1G4&usptaElerdo86] This invention further

rel at i mers and tetrapol yners conpri sing
any cgﬁd‘owr)lsat?g@@%? the nononers |isted above.
Preferred terpolynmers and tetrapol yners incl ude

p[?)lﬂgglE rs CoJH)’irsi i%lvg icinsﬁlkgﬁltey lrglgt%’s tiosf%%o%}gergne%d tetrapolymers

comprising any combination of the monomers listed above. Preferred terpolymers

o

and tétrapolymers 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,



di vi nyl benzene, pol yners conprising isobutyl ene,
par a- al kyl styrene (preferably paranethyl styrene) and

w0 s@prnesss3 pol ymers conpri sing cycl opent adi enePCT/US2004/020164
i sobutyl ene, and paraal kyl styrene (preferably
par anmet hyl styrene), polyners of isobutyl ene
cycl opent adi ene and i soprene, polyners conprising
cycl opent adi ene, isobutyl ene, and net hyl
CHESARRNANMAGun) AkyeARY, anthASHY, laad bisniehb Wne ddiéed in the art
par anmet hyl styrene and cycl opent adi ene, Lewi.s a hd. .
Mobaqogmire thes wpie glamenisare beticasaiedip the P%?scﬁ%%fc the mvention.

oD B By 50y, g
Refrigodhsirablabl Iiustativeeexitnpiasribelndé AdClidi(alyhal@n, (C2Hs)AIC

al um num galliu i.ndj_u titanium zirconium tin,
\ﬂaﬁé@ﬂ%ﬁanla@]ge‘%FQSnQﬂt Jir}{‘g]ﬁy, and bismuth. One skilled

inthe art will recognize that some el enents are

better suited in the practice of the invention. In one
q0688]i nent ,AddigommdlyaLswir avidd way heranybelr basengpful in cationic
titanium. with alum num being desirable, |11 ustrat. .
SelipEationcr RS PRy e ignE it Ajiclfigae,
(SahtnehB Ale6hRie, Bit3lalefduth dithridd; efh9RB8hinum sesquichloride,

Additionally, Lew s acids may be any of those useful |
i dhetbglnluprinemp otlynrde, z amiethylabimingsb u tdjghderides o gethprsiyninum

i ncluding, al um qum.trichlorjgde., al wnd num,fgi m :
eSFFﬂH“gﬁl enun‘iHH’legWﬁ%?ringlé@ et y?fgleu m%r%% MelifihGHAR YRanium
sessthldiiileor icgte, Witht hath@hlminum cdichiotide, and  ethylaluminum
met hyl al um num di chl ori de, methyl al um num
sesquchderidsy bedrg pigfardhy | al umi num chl ori de, boron
trifluoride, titaniumtetrachloride, etc. wth

et hyl al um num di chl ori de and et hyl al um num

S[ee8n]i chl orleeis keidsgsuoh ek enetbylalunin@she LBMMEO) aod dpecifically

such as net hyl al ym noxane .(MAQ) and s Lfically .

Hesiegad B egorspighpg i @C@évaugh APEEEHE Hirg 2lgg guitable
. [ | ids within the context

o R B e i 1 the ar

wi Il recognize the aforenentioned |isting

[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 Bremsted acids such as
H,0, HC], RCOOH (wherein R is an alkyl group), and alkyl halides, such as
(CH3);CCl, CsHsC(CHs),Cl and (2-Chloro-2,4,4-trimethylpentane). More

recently, transition metal complexes, such as metallocenes and other such



of Lew s acids is not exhaustive and is provided for

illustration. For a nore information regarding Lew s
w@eiod®09583 pol yreri zati on processes, see, for eRENPE®O4/020164

I nternational Application Nos. PCT/US03/40903 and

PCT/ US03/40340. Initiator [Q991] Initiators useful in

this invention are those initiators which are capabl e

of being conplexed in a suitable diluent with the

DRSS aVES Atiad st n%lé/hfé' Ghtd sﬁ@?abm stfoh ab whepiadtiyated with
reacts with the olefin there% orm ng a propagating

gmay}yecoomaatmg Lewissacids wbe@;saaﬁml salty haveulren BIsRd e amtlate
HC , RCOOH (wherein Ris an al kyl
Bf?ﬁleneap éyf%?rk%&’%al i des, such as (CH3)3CCl, OBH5C(CH
3)2C1 and (2- ChI oro-2,4,4-trinethyl pentane). More
recently, transition netal conpl exes, such as

180R1| ocends ﬁh&wgﬁe@uéhﬁré?@ﬁ%l@n?m%ﬁs OB Qemyg of a
V%\}ypﬁ) %kflge CRLALYSNicSHEd, ean@drbocﬁ%% dﬁ%?d WARR, %%l%ﬁ‘f‘ceﬂld an

’coordinating’Lew s S or LeMs ac
Sidohsl, faqﬁﬁnbleartemgdalkpl herhdb; atetinyciyalikyl balsle, a tertlary alkyl
pol ynmeri zati o [ 0092] t he n| ti.ator

carpr ks by siarob S a BT o Rapiialy St ik eyl
I gQW%l'&la&'a yl&g?ﬁilﬁ@xé/ﬂdrﬂaﬁ&ldélcﬂ?dlidﬁe a sul fonic

co ol phenol, a tértiary alkyl halide, a
tertiary aral kyl halide, a tertlary aIkyI ester, a

t j.ary aral kyl ester, .a alk

t@bé}f]arz ara¥ Ré? slgﬁﬁcg ‘Ilﬁ th§| a&@ IL IGcOen 1ze ¥he %%ﬁe%#en dlgned listing
ad ki@ s) N3 Al Eexhbistive Yandl tsybeiddd h@k IlﬂﬁstrahBﬁQSPmAa more
one skilled in the art will recogni ze the

antravtion iegaeding iinitintegshin pelymicHEdiopsyropesspsee, for example,
%F %ﬁ):n%/lr ca{lgn RO /FJ Sf()§f40bM %lf‘o‘( P?Th%m/@%&o a

|on regarding 1 nitiat
pol ynmeri zati on processes, see, for exanple,
I nternational Application Nos. PCT/US03/40903 and
Pdyiro8ogoawBaes  Hydr of i uor ocar bons [ 0094]
Hydr of i uorocarbons are preferably used as diluents in
the present invention, alone or in conbination with
opooe4] hydr oHydmﬂuomc&mans are praferably 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
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: C,HyF, wherein x is an integer from 1 to 40,
alternatively from 1 to 30, alternatively from 1 to 20, alternatively from 1 to 10,
alternatively from 1 to 6, alternatively from 2 to 20 alternatively from 3 to 10,
alternatively from 3 to 6, most preferably from 1 to 3, wherein y and z are integers

and at least one.



combi nation with other diluents. For purposes of this
invention and the clains thereto, hydrofiuorocarbons
W@ 20d6@%s33 or "HFC') are defined to be sat urat eBCDIS2004/020164
unsat urat ed conpounds consi sting essentially of
hydr ogen, carbon and fluoring, provided that at |east
one carbon, at |east one hydrogen and at |east one
fI uorine are present. [0095] In certain enbodi nents,
tGEI | uentillediagvé S@amiptel ahéludy otasrbmethanep deenoreethane;

f I CxHyFz wh
ﬁ@ﬂmﬁm&;@”an%upwmé,r g grosshans) { be A RFHR, oL 1-
gnfg%r%&;la@ terp e t}’iﬁ{léfrofatlrhgﬂ@f 1 tp 30 tcRbhigsBahaNE! ¥ 1,1,2,2-

ernativ rom o 20 alternativel’y
ftétﬁdﬂu&rdethah@ 1 alli;ki-lpanuaﬂed)memamn 13fltaropropanss t2-fluoropropane;

preferablyfroml wh

dricHpe e [éégﬁpuqmﬁ{?%t el TS HE Lae 22

enogephane:  fhleonempiaane: trif tuﬁﬂ@é’i’éf)ﬂ@@&@e 1,1,3-
ane o

uor 1 12diflu ane 2-di f| uor oet hane;
tifludroptophiid; uorb@,ﬂﬁaﬂmropxopalzet ri rmdnzﬂ@ommane 1,1,1,2-

bechichogrs Sl L DTSR o} R AR Gane

21 f Q@QEQMLQQ@;&@W&; 1;198 8 hetpirRBFpR@RRE; 1,2,2,3-tetrafluoropropane;
Z-di fI uor opr opane; 13- d|fluoropropane 2, 2-

du,l‘ I 2¥pprtafbonepropant; 1-t r ilﬂl,lu%érpsn@ﬁlaﬁ@pmpane 1,1,1,3,3-

trifluoro r . .
]pegta%luprfolpfcrp&g? ong P dg zjen%ﬂéo%p{ol&)ak% ug’? big?ggﬁﬁﬁﬁuoropropane,
]-léil,tl €23 -htgiffudtdpiepsamps opankl,2/8,3-hdxafluoropropane;  1,1,1,3,3,3-

etra .
PACIEIECIE ST I IV PP
1 uo
ebiehyPiehfihar, SnamogRgng: Zagndtne | difluorobutanes 12-
UifludroButdne; peAtdifiiarobapme p]amel;lﬂulorablma]& R,2-difluorobutane; 2,3-
pent af | uor opy

1d1ﬂugro§utgn?,eln? ift{1§89rabp%%ﬁlef’2f 5%]‘0 utahg p{ ?ea[pl%mrobutane

121 %wﬁﬂ'ﬂ@f&%?{aﬁé” Op{ Opawluotoblitabe;  1,2,3-trifluorobutane;  1,3,3-
hexa uoroprgfane 1,1,1,3,3, 3

hﬂﬂabfalwtaop;r OpAAS-tr1 umrobut_ang,, 3, 3 lh]e%ﬁgfqﬂylgyc&wa@&anel,l,l 3-

Sefadiopiinig o L1SPL Mt R ORLRRRN L1 2D ORI RAR: 1,1,23-
diefrhrobub@ne 1,10, B1dtaflubobataue anlel 3,3-tetrafluorobutane; 1,1,3,4-

teg'ag&grgglgggeb lJtl aln4e4-tetraﬂug;ofblu’ga(r)12 . b1u£ %%?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; 1,1,2,4,4-
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-



di fl uorobutane; 1,1,1-trifl uorobutane;
1,1, 2-trifluorobutane; 1,1,3-trifluorobutane;
wa 2006404563 f | uor obut ane; 1, 2, 2-tri fl uor obut ane; PCT/US2004/020164
1,2,3-trifluorobutane; 1,3,3- trifluorobutane;
2,2,3-trifluorobutane; 1,1, 242-tetrafl uorobutane;
,1,1,3- tetrafluorobutane; 1,1,1,4-tetrafl uorobutane;
1,2,2-tetrafl uorobutane; 1,1,2,3- tetrafl uorobutane;
e%af?ucﬂo&ﬁ&r[e&lf | yne gbi-aeeiflubrobuBing; t emaB,Bw@h@daﬂUmmbutane

, 1,3, 4- tetrafluorobutane 1.1,4,4-tetrafl uor
1,012,233 Bdepiaflngobsisneanb 1,1 2,54 4-heptafRiop %’Grggﬂ 12%34'

éi éta%l’ugro% Al Q‘f | uor Okiult £h8:3 A'-hg%t%?ﬂoﬁﬁﬁt'éﬂé | uor obytianNes 4 4.

r’af | uor obut’ané?’

lﬁpﬁlﬂ%fdibafalnaor ?IbUt drle], 2;14,4,4-hept2ﬂﬁerpbmhné | uor oblitlah®,3,4.4-

ent af | uor

ebediaicbon 2| U RN ceoprumes 11122344

R%Tifgﬂ‘ gdb%’ieﬁllé“t ane; 1}, 112 é 3, A4 e Renbablitageobut aneg;1,1,2,2.4,4.4-
pent af | uot 6buUt ané;

lqcia,fﬁx,oibbﬁtmnt af | ulgt,bB\R, lb,ﬁ,é—octaﬂuorobutane 1 1,1,2 2,3,3,4,4-

gl v BR B Gk S ARG gl B hisap 2ty tpropane;
! ?ud?ﬂtﬁ)r@ -rﬁ@t'ﬁ%@%ﬁéﬁé ObIJB-@ﬁﬁlord—QZm@th Jpropane; 1,1,1-trifluoro-2-

4- pent af | uor obut ane; 1,2,2,3 exaf | uor obut ane;
1m@thy11>r®aze,4 hexat, Il,adrlﬂmnOa%élethylpmpane 1,3-difluoro-2-

1(Illuh ﬁﬂg%lgﬁaﬁ%; gﬂt? %Trta@ﬂc?rg %H%ﬂ# e& E’ eb} &bu t—ger’grélﬂuoro -2-
Ipfophnd; mﬁ)ﬁafﬂm@bqﬂaﬂ@meﬂlyl)piarlﬁlﬂlir g,k},l ,3,3-pentafluoro-2-

hexa%luoro butane; 1,1,1 ,4,4,4-h :
1methylpporaneal hdatelralicaii dieromety bpropane; 1 S etraftuoro-2-

éﬁx%%ff’@gté&i% gg Heane ﬂu%‘rb &*raolal_téne‘:’ hexafiierRBEbLBMEe;  1,2-

xaf | uor ane;
1difln@rody doButiness af B{dh)fﬂlﬁb@ﬂ}&l’ﬂé)mamﬁ 12 Btrifluorocyclobutane; 1,1,3-

éﬁﬁ@?ﬁigapbgtgégg r.ifiulo’ic}ci%lo’b%fa%é's 1,1,2,2-tetrafluorocyclobutane;
b 2134 eﬁaﬁﬁ@%@élé{ﬂfté}ﬁm aneg,2 1;31pel=1ta3h1%r6’cycl%butane 1,1,2,3,3-

hep & [UoF ObUAne: 2.3, 3,74- hept af [ uor obut ane;
1pe]3,taﬂﬂt®r®,y4lobutahept af [l;,lg} b@ﬁtlmx@ﬂuorocyclobutane 1,1,2 2,3,4-

11%?5(?&%1?11881‘%% ef g ?il’gg% gr;%ﬂu%fo I6R I’E"ut%? Sor obeir&AE:>

1he1ptélﬂu020c§'cﬁ>but‘hné' @ﬁt FhilkHiREs0 DUERDE; arid lintluding mixtures of
oct af | uorobutane; 1,1,1,2,2,4,4

omsafur@wi oBECisndescribed 1belows | Bartioulard: tdreferisd o B Camn dnclude
I 1 }
, %?o?n}f%lla%g n%%lgé fomctic %%,( glgf (aﬁmo%]&halﬂe 1, 1- 1- trifluoroethane,
1fihbrdoiethaie natinyl, D,Qaamfﬂioroethane.
1, 1-di fl uor o- 2- met hyl pr opane;
1, 3-di fl uoro-2-nethyl propane; 1,1,1 -trifluoro-2-
[0097] Ilustrative examples of unsaturated hydrofluorocarbons include

PR

==

vinyl fluoride; 1,1-difluoroethene; 1,2-difluoroethene; 1,1,2-trifluoroethene; 1-
fluoropropene, 1,1-difluoropropene; 1,2-difluoropropene; 1,3-difluoropropene;
2,3-difluoropropene;  3,3-difluoropropene; 1,1,2-trifluoropropene; 1,1,3-
trifluoropropene; 1,2,3-trifluoropropene; 1,3,3-trifluoropropene; 2,3,3-
trifluoropropene; 3,3,3-trifluoropropene; 1-fluoro-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-



met hyl propane; 1,1,3-trifluoro-2-nethyl propane;
| ,3-difluoro-2- (fluoronethyl)propane;

WO 2006400853 et r af | uor o- 2- et hyl pr opane; PCT/US2004/020164
l,1,3,3-tetrafl uoro-2- nethyl propane;
1,1,3-trifluoro-2-(fluoronettiyl )propane; 1,1,1
, 3, 3-pent af | uor o- 2- net hyl pr opane;
1,1,3,3-tetrafl uoro-2-(fluor nethyl)propane; 1,1,
udsreet B afiflurda~LButedd; |3Wd@]ﬁ6fdﬂy4b)1me;paﬂlehﬂuoro l-butene 1,1,2-
f1 uor ocycl obut ane; 1,1- drfluorocycloa
dtiflnorer bbyiene but drtrifiuose-ditutensi ocly S P‘é‘i‘i’el -butene 1,2,3-

TrifpSiot -bHAY 06HeLARIAS pufert; 311,33 trifluoro--butene;  1,34-

or ocycl’obutane 3-tritludrocycl obut ane;
Yrifln@ro2t-betenaf | tgkbaybioobittanae; 2,3,3-trifluoro- l—butene 2,3,4-
1,1, 3, 3- tetrafluorociﬁﬁ@ob t.ane;

tﬁ@ﬁ?@ﬂ -BieBSy ¢ Rt eLnesl§1 3 %—trlﬂuoro 1-butene; 3,4.4-
Hﬁ?l‘ﬁglr '-Pg{n%ﬁ% CJL qu"ttrﬁﬁ‘l%ro 1-butene; 1,1,2,3-tetrafluoro-1-butene; 1,1,2,4-
1, 2 - 3, 4-

2, 2,3, iexaf | uorocycl obutane! 1,1, 2, 2,
hetcafl oo+l dayerep bt lghd-tettafluol-B-butene; 1,1,3 4-tetrafluoro-1-butene;
, 3 hexaf | uor.ocycl obyt
b eharuesur S d A e St Slpsufptratuono 1
I fgldedi ng omg Kidia@R0RE 1 BiRALUT AL B 4H6@ﬁucﬁeac1ruteegi 1,3,4,4-
bel ow Particularly preferred HEC s i ncl ud

duefraﬁlrmrmieblﬁeme 1t4.4.fiteteafbiosa-hdwtenes | 2360 rr%ﬂ@er%bﬁetene
T

exacm; €3 40f 4-reflubroat -Bdtehy,drigf 2 8 - pamathons- 1 ivutdnedel  1,2,3,4-
Vi nyl fluoride; 1,1-difluoroethen
1pentafluprqrbrowianiend; 1,244 genfa,ﬂuprq]bﬁ)g}@pﬁ,ené 1,3,3,4-pentafluoro-1-

fi)lgg H QR OPGNE en%afﬂuo%-i-ﬂ%r‘?éélgpﬁ qp@ﬁ‘@ entafluoro-1-butene; 1,2,3,3,4-

fPuorb fluorop pene;
2pe3rtacﬂlform<])¥rmpa’neper162 3,3 4&3mhtafﬂuum-b-ﬂmutqnene 1,2,4,4,4-pentafluoro-1-

(L 2-trifl
ThUEérs: o AP DEG: s, 334 H RO ERARhS: 33444
tﬁéfr{téﬂlf&&@%%ﬁe 11,823, 84 hEkdudRS-OHLRRENE:;, 1,2,3,4,4-hexafluoro-1-

uoro- | - but ehe’ 2 fTuor o-1 - but ene: 3-
fburiemeo 1 Buit2h4; 4-Hexaflyoropl- buﬂgm ene:1 2.3,3,4,4-hexafluoro-1-butene;

1% 3a4 %%8%15 ag-gt-%utelf 42§,€h 445 OX?lﬂB(l)JI{g:It Bllne; 1,1,2,3,3,4,4-

2h ﬁlddrmrménebut engl,23, 44 difelptidiiord- buene; 1,1,3,3,4,4,4-
-di fluoro-| - utene 3 4-di fl uoro-I - buten

4h<ip1@ﬁlfqr@nf}a lrrmneb ub-&A6,4.4.4dheptaflupror | gtene: - lbfjwﬁ@-butene' 2-
ﬂEOrg i{) w??uag?% gl]fhggé-?ﬂ)%ten% 1%& 4&1{1 %@B&eﬁ qu'at ﬁﬂﬁloro 2-

lbdtenad- tI 4-Lifuere2butdnat :E;; diftuto- Z—butelne;f qulr);rjg)letrﬂtiukc))lrjo 2-butene;
i EH:Q:&&UO%) g—b;};tetnrel flllu??-’[r?ﬂulorc_)- - tuterh% 1,1, -tr?ﬂltlc{rl) f2-bu(%ene 11,2,3-
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; 1,1,1,2,4,4,4-



trifluoro-1 -butene; 2,4,4-trifluoro-| -butene;
3,3,4-trifluoro-1-butene; 3,4,4- trifluoro-1 -butene;
W@ 06409563 f | uoro-1 -butene; 1,1,2,3 -tetrafl uoPOF/1S2004/020164

-butene; 1,1,2,4- tetrafluoro- 1-butene;

1,1, 3,3-tetrafluoro- 1-buters; 1,1, 3,4-tetrafl uoro-

1-butene; 1,1,4,4-tetrafluoro- 1-butene; 1,2,3

,3-tetrafluoro- 1-butene; 1,2,3 ,4-tetrafluoro- 1-

bié ®A8orol2-Butdnét - drelt maxftlteg riberkof bkt édyding mixtures of saturated
3, 4- tetrafluoro | -butene; 1,3,4,4- tetrafl uoro-

ﬁ%’ﬁé?ﬁéﬂ qd @boye4-t et rafl uoro- 1-butene: 2,3

,3,4-tetrafluoro- 1-butene; 2,3 ,4,4-tetrafl uoro-
1 butene; 2, 4,4, 4-tetrafl uoro- 1 but ene;
306984, 4- tetInabheu antbodimertty tthe edil@nd , cbmbprised nmh+mﬂ1mrinated

-butene; 1,1, 2,3, 3-pentafluoro-]|-hbute
pf@ﬁtpc?fm%roé the” gilpertiels . i‘o?Pﬁrfhmﬁ‘é‘ﬁ‘Fgf tignd: > Perfhiorinated
?‘H}g s belrm%ﬂ%F?uor @lﬁid@fcloﬂﬁﬁﬁlg 3¢ caPbBrERRY fluorine. However,

[ - but ene;
hnlarmxlth,r@ﬂmdnméﬁtu ovhea| the hdituent compaiss, 8, Mend the blend may

%Wlfé% ﬁgrr OQH%G Eﬁﬂﬁgﬂfdap;eggp@y T:{lg %n%ﬁféh énonomer and diluent
2ar§ p?bsént‘}n Ree *31‘1’9@,6 Qr the Adtc@@tioned components are miscible with
4,4, 4-pentaflfuoro-1 -butene; 3,3, 4, 4,4-

Fﬂan ﬁdﬁd;nn @8 descmbt;hmeﬁ;gheqdeialhb@owg In aﬁ@h@f quindgment, the blend
1r¥1_aL}’r ﬁ,sﬂ,céffnfhﬁée )g%%rdfﬁdo%oc@qu%gl(@%@s) & e g&ﬁpounds consisting

tene;

Lot Zhforiedfidoriexald ¢@bar. 1- but ene;
1,2,3,4, 4, 4- hexafl uoro-1 -butene;
2,3,3,4,4, 4- hexafl uoro-1 -butene; 1,1, 2,3, 3,4, 4-

h fl uor - ene; , 4 af IVHI% ©-molecul
1@E§ﬂene 01- 1%%4%}%%&%%&@?%% gérltl%%t eane g®"molecular
1W21gB1;s3(;le)4 (tﬂrp]hel;b)t gfdateortharl 10000 eviw;, prefedablyr moge than 50,000
-but ene; 2- fluoro-2-huten 0- 2- but

di f
Vv, ot grederobly e Ban. S00PHq Ji.-¢ G5 esHERE' diluents
mlél'u% fl}?f&'x%ﬁﬁo%cg"ébﬁéq@llth% deldéitic lébﬁstgntbiﬂg@éh@er than 10 at -85°C,

i fluoro-2-butene; I,1,2-trifl uoro-2-butene;
| pﬂefeﬁa‘tﬂy i gréajer thal- bi;tmme:— pref¢ralzalyt griefter) dhan- ZO,bnm @referably

tri uor o- 2- e: 24tr|flu
g sl o0 0f0ofk BrctguBliy g, o pig | ! AURAGRE RS ower
- Pidleeti “Jeightsl(t pichlf [cﬁbﬁér%ﬁﬁrﬁi@ObUtMW? preferdblz, Bss than 5,000
-tetrafl uoro-2 gutene 1,1,2,4-tetrafluorg-2 -butene;

1Mpw,3norg p@@fpliah}}q lass thap 3190 é\({g{) arg destred the dielectric constarit may
gef Féﬁy %Q o%%&ﬁdég}g@%@ﬂ%mums of initiator or transfer agent when the

- pent

| dielektrid, dongant &f bbeweo1@- buFlendicletiri, donbiadit of the diluent ep is
pent af | uoro-2 - but ene; 11234penta|uorq% .
_ gefempped from Qlegfsugelagq% | thecgpagitance of a parallel-plate capacitor

immersed in the diluent [measured value Cp], in a reference fluid of known
dielectric constant g [measured value Cr], and in air (ea=1) [measured value Ca].
In each case the measured capacitance Cy is given by Cy= eCc+Cs, where ¢ is the
dielectric constant of the fluid in which the capacitor is immersed, Cc is the cell
capacitance, and Cs is the stray capacitance. From these measurements €p is
given by the formula ep=((Cp-Ca) &r + (Cr-Cp))/(Cr-Ca).  Alternatively, a

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



butene; 1,1,1,2,3 ,4-hexafluoro-2-butene; 1,1,1
, 2,4, 4-hexaf | uoro-2-butene; 1,1,1

wWQ Xod/odvshexaf | uoro- 2- butene; 1,1,1 PCT/US2004/020164
, 4,4, 4- hexafl uoro-2-butene; 1,1,2,3 ,4,4-
hexaf | uoro-2-butene; 1,1,1 27
,2,3,4,4-hept af | uoro-2-butene; 1,1,1
,2,4,4,4-hept af | uoro- 2-butene; and mi xtures thereof
@ﬁ'@ bé1Gdeddb Mekeabiir¥ dik€dri® torstdny ba tigenti-firsctige S& comeatison of
above. [0098] In one enbodi ment, the diluent conprjses
bmdiskectricLronbtants €2 of erfpwuelestcd diluerds o 8aEnis pravided below.
non- perfluorinated diluent. Perfluorinated conpounds
bei ng those conmpounds consi sting of carbon and
fluorinp HoOwever, 1n anotherr‘nbodlnent gpen t he
diIuen1D@8ﬁﬁr|ses a blend, th blend*‘3r‘f‘£)/g5 nprise
per f | uprimatedconmpound; prefgrabty, the_catal yst,
nmonorret Meghind chlorident are present in a lﬁ%l e phase|or

t he af erermentioned bUHpUHCHLD arenscrbtewtihrthe

di | uent Dafucdemethaied i n further detail3®8ow. In

anot hef—enbodi-renrt—the—blend—ay—al-so—conprise

chl or of padiflaarobihase (CFCs), of those c2hpdunds
consi stingof chlorineflucrine—and-carben—00699]
| n anot mggl-ﬁmdﬁm% when hj gher wei ghi8aver age
mol ecullar weights (Ma) (typically greater than 10000
Mw, D”‘flelrﬁ@Jté’trdmbﬁ)etﬂaﬁél 50, 0p0 Mw, nopE2gr ef er abl
nore than 100,000 My) are desired  suitable diluenis

i ncl ude rlyéjﬁ%&dﬂ%&ﬂ)“eﬁ{aﬁ@ns wifh a dielecbyic constant

of greatér’than 10 at -850C, preferably greater than
15, molq P sosEARlogkaghe” than 20, mprgspref erably
gr eat er re pre erably 40 or nore. In

enbodi nents where | ower nol ecul ar wei ghts (typicall y

| than 10, fer abl han &
e 0 e SR e i 2 B0 M e
d\'lvﬁh SabhbCARRAS Bf"‘ﬂltlxtﬁﬁ)( HQiLERS ShRsbld Qddigbnd)diRests Meklude

| arger anmounts of initiator or transfer agent when the
dhyelrecztbans, owpetialht hesa@lsowed lleeptarise,  dialaigerated chydrocarbons,

const, | t
SRS et s Stk A EBPe e o
CaBafok ‘hﬁﬁteﬂw e |1QoHu|&ﬁledpéﬂt@dH, rddﬂfﬁ}&?ulbp&ltmﬁ ish&Ene, 2-

in a reference i [ ui known
methylpentane, —methylpentane 2-methylbutane, 2,2-dimethylbutane, 2,3-

A

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, ethylcyclopentane, —cyclohexane, methylcyclohexane,
benzene, toluene, xylene, ortho-xylene, para-xylene, meta-xylene, and the
halogenated versions of all of the above, preferably the chlorinated versions of the

above, more preferably fluorinated versions of all of the above. Brominated



dielectric constant SR [nmeasured value CR], and in air
(SA=1) [neasured value CA]. In each case the neasured

w@e apaoiessnce CM s given by CM eCc+Cs, where e PGI/Uk®04/020164
dielectric constant of the fluid in which the
capacitor is imersed, Cc i<8the cell capacitance, and
Cs is the stray capacitance. Fromthese neasurenents
SD is given by the formula SD=((CD-CA) R + (CR-C
Re}didifs dFhdbovdlaresBasefel. YSpesifiowxp@ptes indlide, methyl chloride,
instrument such as the Brookhaven | nstrunent

aoethpleas ichlprdeCce@ybrblpride proByl thjordasty ehlerids ghlqroform
C a of diluents directly. A conparison of the
Jﬁﬂﬁé%ﬁé?c constants (e) of a few selected diluents at
-85C is provided below. [00100] In other enbodi nents,

one or nmore HFC s are used in conbipati ith th
dOPUR: or i REeihes CBRORPIGHon PERTaRGR e SRS, Bl a5

AilddFRLR doRflition WA FAAT RO NS RIRCRERIL Yol @ nee 1A to,
hept anes, hal ogenated hydrocarbons, especially

cdthdene) pta@yldugdardighe bbns and the |ike. Specific
- exanpl es include but are not linmted to propane,

i sobut ane, pentane, nethycycl opentane, isohexane, 2-

NIy |PeNt ape ond-diRbdarhBRN RN HFC-i9Bhd)| BUteMBination with a
2, 2-di'net hyl but ane, 2, 3- di net hyl but ane,

2ehiwritmpdch dwdrmsartenmendy lah esgibe] ~ dileridey| pdditignal, epbpdiments

djnnﬁlt oyl pentan I? o B EXlll 1 Hd&anes or methyl chloride and
Aoglude HemR, MiSe FE GndT cqmamgaR SR HsEMSng,

Zhdxahdty | IneotRe embodintiyt IRXMEPE's ate bsedi inRoMblitueivaeth one or
2,24, - trimethyl pentane, octane, heptane,  butane,
cIRERASCTIBET 4 Bie DebrRFEAtiR @S CHoaB digvdde, fHERgER Ty drogen,
h e e , t

P ssEEh iy RELPRCKRRE, ol AREOREA FasEHELORY by
1liduidi avedninyl wy depenttane, Prefesred , g2ses include carbon dioxide and/or
di met hyl cycl opent ane, trans- 1, 2-di nmet hyl cycl opent ane,

t RIHRECN-1 3- di met hyl cycl opent ane, et hyl cycl opent ane,

cycl ohexane, nethyl cycl ohexane, benzene, tol uene,

xyl ene, ortho-xyl ene, para-xylene, neta-xylene, and

t [08103]l ogenht swtheeesibodiment thel HF @8 arerusedbosambination with one
DB B ARG 51 e 1 ARE y BPca
BriRHAdIat I ENaes intfiePhIkhRS iBIONE bk @redh@Jinis&f | nitromethane,
Speci fic exanpl es include, nethyl chloride, nethylene

chitroethdee, @ittmpxopgmﬁ, olpitrg‘@:ltalm, d}jgrppqgmn@r irgéqheggﬁew nitroheptane,
Cpl{tr%%!:t(gge, Chrki?r&%cgﬁg] 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



and the like. [00101] In another enbodi nent,
non-reactive olefins nmay be used as diluents in

we omwbioomsss on Wi th HFC s, Exanpl es incl ude, butP@r/es1004/020164
limted to, ethylene, propylene, and the like. [00102]
I n one enbodi ment, the HFC i2s used in conbination with
a chl ori nated hydrocarbon such as nethyl chloride.
Addi ti onal enbodi nents include using the HFC in

GRAbIgoatdleRe Wh! Rltdiaxanss befweer t30yandc BO® vohlenea b alternatively
hexanes. | n_anot her enbodinent the HFC s are g 'n
Ghsionadd 6nd AOBQIwES Gh ATBRIYEbEGeTeER 40 gnd A0 volume %,

%‘%%ﬁ%é@ Pob P SHE Qn@%O af Rk %oéiie%¢1v91 L5 QQELh 50 and 100

argon, neon, eI rum Krypton enon and/ or
Glolghe ¥4)altbrngiasds betvaden 35 eangdri@D erohivhey %4, |a¢¢almdt1‘a¢1y datwoegn 60

to the reactaor. Preferre ases_Jnc rbon, di

g/ B0 Yolemg gén alteraiivby %F oﬁ§r1%1?<J iﬁ@ SRR Do ﬂ‘%ma%vely
e tna‘?(? a QQ@O' %1&&@%99&&9&%‘1} BeQRLNOrS BRY 800 volume %,
nitrated a anes, I1ncluding Cl1 to C4 nitrated |inear,
cﬂmhmovdytmnw&thMaadHQﬂesﬂmﬁvé@eﬂﬁ@mﬁthﬁbﬁ@@maﬁﬁémé§00

I ud ut are not itr ha
W e dhafemafyay debusag s Do & SRR bsisen 93
Yl Rﬂ)e%?@mﬁqe N LIORERT N Detvitich TOGAENO0 vdlir® 96, Caienatively
nltrononane ni t rododecane, nitroundecane

nbdtwcmlﬁﬁ mtbt(}ﬁhwd}nnm%,r zmglyaéteg@pﬁglﬁé)etween 99 and 100 volume %.

El:nt ;5 %g gqr% 8 ga@nenﬁ t%r %fé%gl oﬁieéii(lg%g with one or more chlorinated

Nyl QREWSIne h Gt Aideher HréfeAed ehdvodinaie thé IHI® ¢y séleded dioey the
nitrocycl ononane, nitrocycl ododecane,

NETOFR) eym,ﬂlimgdé&ﬂ@oromethaa%éﬁﬂéﬂ@m%et hé-difluorgefhane, j1.1,1-

e aRbdlis 1712 e AN ANTRBARS GRS

typically present at 1 to 100 vol une % based upon the
total _volune of the diluents ternatﬁ-el het wee

al919Yo v ol ngnagher gm ent, the FiljeRt Qe gHatu_rLeObs Nselected
VRlsHaRpsh iR LAty ¥eke BEKWREN d&tARdilOfts 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 wt% of any diluent, unreacted

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



volunme % alternatively between 20 and 100 vol une %
alternatively between 25and 100 vol une %

W@ bkdaoenomss vel y bet ween 30 and 100 vol une % PCT/US2004/020164
alternatively between 35 and 100 vol une %
alternatively between 40 andgol00 vol unme %
alternatively between 45 and 100 vol une %
alternatively between 50 and 100 vol une %,

alat Beap iRl infel e vrIhicRAcks HeBvasal 3078nd4 00 microns, that has
al ternativel bet ween 60 and 100 vol une %

dlece sorkedl Uedijuent (spesgh BBC%{ﬁ?dthfcfdm) 6?%%0% at —75°C. The glass

IR SR 38 s s 050

aldchhiqasd are Wllhﬁﬁmﬂ 1B@hea]iltéra11(ii@ fomlemimpl% B. Wunderlich, “The
alternatively between 85 and 100 vol.u
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1, 1-di I t trif o

BRIy SRR 1o ok R Sty MRl SMARAPLOTE Of sashysfer
| FrefoBAMIY iR LYW rm‘néachh ethéi,| prefdralsly @ithine 88C nofk tacte other,
i's sel ected basoed on its so b|||tyl t2§ pofleymi{.
Quefesably awvithian? € afecashl athee piefarplly pmthe Cplerash other.
dl l aﬁﬂtlf tvo%ﬁ %dd thfe c‘ﬂ r{:.]{-illlel3 ohfé?érhﬁlgngﬂmt hec pot %Q&f -other,

form ng
iéimﬂy I \Klitlﬁlna3‘f@ |d’f1 aicht bfheknp&ﬁerbldywe'ﬁhlnSW@noif jb@rﬂl other,

m crons, then soaking it in u over

t preferatlyvithy 2°% olcRark other, P?%f%f \@lﬂf“ﬁr@ °p &
fromthe diluent, exposed to roomtenperature for 90
seconds to evaporate excess diluent fromthe surface
oPolyterifatiomPraceds wei ghed. The mass uptake is defined

as the percentage increase in the filmweight after

soaki ng. The diluent or diluent m xture is chosen so

t [pdi0fne POTNEBieRash RafiBs pracatakmn @htihess dnbdatch pi\bc%sses
preferably l'ess than 3 W% preferably |ess than |
wWFotthenthd Bvalsion mex detnrasticed Wt aqplydHeW ppaster andfgF ﬂtléf§§ tank -

trheactors. 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



0.5 % [00106] In a preferred enbodi nent, the

di luent or diluent mxture is selected such that the
waledobeossre bet ween the nmeasured gl ass transi t PONUS2004/020164

tenperature Tg of the polyner with less than 0.1 wt %

of any diluent, unreacted nmoners and additives is

within 15C of the Tg of the polyner neasured after

ithas been forned into a filmof thickness between 50

ARCnHRA iy BolynbakatidasrbessesFoake roducton uLE5-C; isoolefin
(enough to cover the filn for 4 hours at -75C. The

qlodwners suisastipatleneased BolEmess. det er mi ned by
differential scanning calorinmetry (DSC). Techni ques
are well described in the literature, for exanple, B.
Moot i ch,In" Jdeeehbédimennfthé pelyGleazatidin &nearticdoutivchere the
its Determinatio Thermal Anal ysis", in Assj t
ortaly Goag@el‘Fraé’quﬁfqe% are pESPRALIRP? fﬁn@e, pg?se:] i)‘gerf]er}gb y, the
¥ S 1 ARG P S B Rt B sy a0 e
i itaby e p atenomes(s) eadr diecht adroveresat adsed simgledihase| yIn slurry

after soaking into a DSC sa e pan.. and, mai pt ai.n at
PUBRERFALOT, TeJRINNICTS c?é@fﬁ% @ﬁ%&lﬁ@’(@? %% # B?Séﬂiqﬁ 4 the
DifaclE 35 WiREBN nixtRrL el abdnktitd® al Sin¥R! gme,amﬂw thBi golymer
12C of each other, preferably within 11C of each )
atrheipitatps &ber tisl dilught with aEd sshaatieh fiomn dre, difpeat.e Dgsirgbly,

wi thin 9C of each ot her, «preferably w thj e
deried g af eling Woein Se SRR s dhlishe 5 flaetibto Te
V\éuE)degsiQQ off t}ﬁaFJ.Slyfhfeh ehd/oprigiler &@hy diueht AndE witaleac Thus,
other, preferably within 4C of each other, pr f‘ﬁr blc}i
vibalyimarizgiongn tees@ifpestsdrthe Bfeéﬁlérlaml’}lowm%‘flﬁe%fgt kﬂ% polymer
e , . 2

SRRl oPhE b ¥ Wt SR BRI ster, reduced
Rreacies sfdulidg 0 Honidpenéous e pblyarerivatioh eaypl/ac tthe edonivenience  of
conti nuous and batch processes. Further the invention
P SSRICEIREIRE P Pt GG Ph Ok TPRLEREPOME] BINE ¢ o
tank reactors. In particular this invention nay be
practiced in "butyl reactors.” Illustrative exanpl es

i 08lliele anyTheamtied nseioserewithimoie reastqrioup ped wdiastirag In

ogneaembodiment, 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 slurry 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 slurry concentration is present in the reactor from 25 to 70 vol%. In

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



continuous flow stirred tank reactor, a plug flow
reactor, a noving belt or drumreactor, a jet or
wmomsledsseact or, a tubular reactor, and an PCT/US2004/020164

autorefrigerated boilingpool reactor. [00108] In

certain enbodi ments, the inwsention is practiced using

a slurry polynerization process. The pol ynerizati on
processes of the invention nmay be a cationic

YhEM TRt tRbop GRS tol e dley min i @atinothepeabedisnent, the

he invention may be a continuyous pol ymerization
sPeRatetionpEsqlisis sk AonentisHeR AsREEH N thedpsfiniog o to
g@xz 2 a pol ynmeri zati on processes for the production
0 -C7 isool efm polynmers such as isobutyl ene based

pol ynmers. [00109] In one enbodi nent, the

pol ynmeri zation is carried qut ere the catal yst, I
B0 | ardhegiordien et foBtIsBE olie PIPRgmEr nGrl SR, catalyst
ThiEhe azi?ﬂdydilute{ﬂt?ﬁ%?{réfg?{oh?&ﬁé Qb EmMERI thiaRGmAUT i N a

conti nuous po I zation process in which the
catal yst, nononer(s), and diluent are present as a

singl e phase. In slur ol ynerizatiaon, t.he.nononer
JUPERY S (< )EOr s, it paepL e B, PV eI PIC s see
Gt u e, di [ERALLHaXt UABplidatiBn, RSt IHQI/ES83/409¢H € and
phase, iI'e the polyner precipitates fromthe dil uent
WEHUSO3E03¢par ati on fromthe diluent. Desirably,

reduced or no polynmer "swelling"” is exhibited as
indicated by little or no Tg suppression of the

oldeve Bgilafion i ttl e or no diluent mass uptake. Thus,
pol yneri zation i,n the diluents of the present

i nvention provides for high polynmer concentration to

P@gg@gdl eda'g(ﬁ (r)érc%y%r\lj Px?r%%c?éi)ﬁo%ﬁlgrsgﬁgﬂ ARE8bulyI SRS ART mixture

dre onbgeneous pol yner’ zati on
adviiponetith esuchnye i leaste cahpendntse quentasr BEEs | fomsrecyclpeto the
run directly on the resuh}iq? poLéner m xt ure. 001%&& ¢
Telyerzation et rseTEai e s atian 13 SEPLYY o i S0 P L igen
Séq%ﬂé%entg @uﬂ{@s AP TR reci Ml £O0R6ARF frithd chlybstem or
sol1’ds in the slurry i's equal to or greater than 10
valtdyst komanudritebeiegriiod dfmanomens or censpéalby fed ¢fmegomers such

8 b R RIS HTRYEE anather

[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.

[00115] 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,



enbodi nent, the concentration of solids in the slurry

is less than or equal to 75 vol % In yet another
wepdvemiasent , the concentration of solids in slRPCT/YS1084/020164

present in the reactor froml1lto 70 vol% In yet

anot her enbodi ment, the concgntration of solids in

slurry is present in the reactor from5 to 70 vol% 1In

yet anot her enbodi ment, the concentration of solids in

slitdfadvelpneentiestthan30 W&ﬁématlvelymomdasstthan 6 rvgopm, Gand
to 70 vol % In yet another enbodi nent
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to 70 vol % h nb )
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pr ocesses, see,

|51Q(?70 04813'35}23’?444%% J7ZRURHNS, N@«$,66PCH'JSBJ$835 46968,1ahd 6,307,115,
0. Extractive Distillation [00113] To
r®&ed4t7, and BRIt YUY ¢ ners such as i sobutyl ene and

m xture conponents such as diluent conponents such as
HFCs for recycle to the polynerization process,
epo0i Bt | ve i stdrhbaiimen, extrastipd digtlatidnocsursdn |ap|g)rdance with

Syt COTRONEILS, SUeh 85 1ECS, TR B 1 SCYSLEas e 5
8 8y, AR, i, 8RR e o Bonaaesie
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

{



[00114] In certain enbodinents, essentially free of

mononers refers to low part per mllion | evels of
worevenessss by wei ght. In particular, for an HFCQPCT/US2004/020164

nmononmer m xture, an extractive distillation system

using a suitable hydrocarbom4as the extractive agent

can provide a clean HFC stream where nononer |evels

fromless than 100 wopm can be achi eved,
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well-known in the art. It generally refers to a

diestaining ppivien d kithe bestones ligid pédeom eafBmadiis sete a cooling
f c'h vé??@e SaPe! &Sfeg gl% g g)'iéath \WthVi 'ﬁl éx&rﬁct?fn agent

conponent’'s conpone
ek’ﬂtmdceouﬁtﬁermfmcﬁs%snnyhmogﬁseraI ly carried-out in a
continuous distillation colum, conprising a
mul ti-stage distillation colum with a mnimm of two
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urning reflux to the col um. nor e

I Wﬁthrth‘ﬂbxtmnvs distilletiqn $yswxrsdemelﬁémm FI@se 25,/087@Aged stream

00, 431, 5,4 42 5 723 744,66 830
o3 saniggite & wiofiocaibds ind omonhEs” diRiggong miadte
[ QR4 bf b BolamneyBb odligBiatextredtionapbhivey id b8ihittddad a@Bction of the
occurs in accordance with the extractive distillation

sy@hl@lm ﬁe?ﬂ\@tﬂb trayhbetpyibe tap optheagebemmp.cEhe Gaysehovg the point
?ﬁ%}? e & n%tr%gtﬂé/ %g{r}t%o]r e Qc!rgq{éd a2t TRAG Gt St separate the

om Ssectl on
extractlon 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



of a first colum 13. A liquid extraction agent 19 is
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PR REmZONaRE 98 15 @nf tA% Eécﬂﬂ%te&c@ingéﬁ@ﬁrﬁﬂﬂhé B&led stream 77 is
extraction agent fromthe hydrofl uorocarbons and
roemined (with 1makeup rexyractingl agent 168 ©oragawnt1 BT fraingp dosses iy the
serve to fractionate or separate essentially all of
tHi8°%dnoners fromthe extraction agent. The over head
vapor 29 fromcolum 15 is condensed i n exchanger 7

and a portion of the condensate is rfturned to.the to
t[ﬂﬁ}'uﬂf col Qraskiiedus the prt il secogmize afl Gpgi ANhgluipment such as

B o g e ey S eduprgent dha

nmayp be tqrapinad evithshs aotertantivhe embatimentseed bl endi ng
section. A portion 23 of the bottoms liquid 37 from
colum 15 is sent to a vaporizing 'exchanger 11 and a
vBesoror i ﬁHﬂ@ioﬁaﬂ&aBﬁE SRR W ﬁle3‘§“t W8ll BBbYERRHiZQlfehRtives
bottomtray of the 'colum. The columm 15 bottons

stor thanus 7ol Fayshin thet pleemanioagdepluntist such asspaekingamajerials

i RgRe 1ERRCTE S PG R RS R B "ok 6 248 ot oo

exaRkanReepackinggnd the cool ed st ream 25 is prem xed w t h
makeup extraction agent

[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.



17 to account for mnor |losses in the process. [00118]
I n anot her enbodi nent, extractive distillation occurs

WO pooaoessiiance with the extractive distillati oPCHYS1004020164
depicted in Figure 2. A vapor feed stream5 1
cont ai ni ng a hydrofl uorocarbdnh and a nononer is
admtted to the mddle section of a columm 53. A
liquid extraction agent 67 is admtted to a section of
t 9123) umm 5B aseambalimentaylse bakapve lgentopompridel ehydrocarbons
colum. The trays above the point where the extraction
aa&%tas@ﬁxq@agg%%p@g@ serve to fractionate or separate
the extraction agent fromthe hydrofl uorocarbon in the
overhead distillate 50. The trays bel ow t he poi nt
w24k he ela rotler i emmbaslipents,6qxaimplesdiriciudedbutnate apsvidmited to

tgetlagoint aereth feeld 5tleislam'tted elrvtglts)ot 3
extraet PREMRSNoMHY Y HERTIHE + BBy cf '@y IFntane, B
hitdegipenames a7 pamhyabetane) N diafethy 1itencQ Vv el hgiackiaP@ine! 2-
1 fromcolum 53 is condensed in exchanger 73, and a

pBethydiexare.t hemetndagxeet. e I-sthylentened 2.6-dimethylpsntapay 2,3-

ofy: . T. d iLnNj 0

F st IS e RS SR bRy RO TR A Rl -
hyitiy hkkaret 2SadibethySiexamsyidatrirhsthelpsiand, akclaye fiep@mof butane,
any nonomers agd is sent to the catal yst_ bl ending

s BeAnErdecans id9estaneandreansr haane.rashrkisinhesance shtlapragane,
a u engi e .
R, R e A U B B3 T BBy o Al i
ml Gedimathyloyclopbntendt,r act i temsdgdimethdpprlomsintiass r eantréis-1,3-
is. sent. back to the, reactor sectio ere it conbi nes
WeRrEYe ol criy A e T Eam Y RE By s meERgA ahexane,
CBéd4aRe, 381ukBE Ok RN lorfRo kyRidg, pRANG1nBE nRkARALRE MY mixtures
vapor) drawoff 63 serve to inprové the recovery of
hihgresf] uor ocarbon in the overhead distillate 50 and

m nimze the recycle of hydrofluorocarbon in stream 63
to the reactor section. The trays bel ow the sidestream

VE@aesdr awofd 6G3other venbodiniaagt | BBat éxt@ttiGepag@ite comprises
essentially all of the nononers fromthe extraction
abedrecarponssueh ahalkaness inglyding Statte 2 linepni @yclo tranghed alkanes,

CQlleﬂQg, g?bnilascicie Bhd ttﬁxﬂlré’saﬁx%féofi nExamples 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, 2,2,4,-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.

1



exchanger 57 and a vapor or liquid / vapor m xture 55
is returned to the bottomtray of the colum. The

W@ 20061099558 bottons stream 79 is the extracti onP@ES1004/020164
that is essentially free of nononmers. The renaining
portion 8 1 of the bottonms |8guid 79 fromcolum 53 is
sent to a cooling exchanger 61, and the cool ed stream
77 is prem xed with makeup extraction agent 65 to
afioape] f or Imiceethinl esbedinents; hehprane esisd/of Oﬁiﬁﬁ(}s ©Ofichexane
skilled in the art wi |l recognize_all angil

eOMSHEsAl REULT A48 MeBHARTEraEcIbIn bR sRpagiion Pgﬁgbw{ene from

S .
SK13425% RITBE N Bl @ hATaSki oo o o

Ablckane oo dhd mlxtmn&eoﬁ ksobliytene rand HEF G rbeing frictainged (to recover a

natj,ves.to th i,n the .
Bhof FF ofieht ediekliaritaty Sedrh i gy ghe relative o
i H@FUJ dirRY rbORRS tRAGKILAGRS SUstbdgeRald thel MESoncé 3% MW during
rings, and the like as well as structured packings.

[d@unat}onEﬁndaevmd@ *dagenzeotrep@r@r tageirapigrhilke brbiaviongbetween
soI nt th othe azeotropic m xture or
Dol fillont 2R R34FER S

%0 alter the relative
voI atilities of the conponents. The choice of
extractive agent is nmade to avoid the formatiqn of
al¥127bnal hrese @B@édl’élﬁmﬁﬁé ¢xaRe aBg{ar BIxtyLgs of hexane isomers

S Eﬁ%%ai Elﬁféd(ﬁl thé %f&&‘agﬁp 8p tlﬁV&Ithh Nclsk Qh{:}ﬁila\%oep ﬁfgﬁ[&mugh

iI'11rng mXxture. enbo the extractive a
r biﬁl(hhg pbmt aalyltlvmtcethedkli%a(tlscdmrnyl&manm «ih Rmﬁat/ isobutylene
o onents_ from at .| east, one nononer

| .
B Ao EPERE O (hracSIen bk dB el oBriaRshailing
eﬁﬁﬁﬂfé Ad B Rls teEhATH HOfevt A8ARbed BetdRef @lthoﬂé)&ﬁg(ts) and

the extractive agent conprises hydrocarbons such

h&t3dre/ Bhilaepdditienal[yodegamps haveon lm’reremzimlwewclght and lower

exanpl es include .but, are not d, t o _but ane

pﬁwﬁ‘ﬁ%ﬁ WA dF ofEn(anes FeBRayns SeHeBd%or unsatrated
2hjEbbatbHRN bemGining n{&é hyteanitens, Zhietdnds gt @des moderate

2, 2- di et hyl but ane, 3-di net hyl but ane, 2-
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.



met hyl hexane, 3-nethyl hexane, 3-ethyl pentane,
2, 2-di et hyl pentane, 2, 3- di net hyl pent ane,

wWQ2ebemoases hyl pent ane, 3, 3-di net hyl pentane, PCT/US2004/020164

2- met hyl hept ane, 3- et hyl hexane, 2,5-di nethyl hexane,
2,24, -trimethyl pentane, octaf&, heptane, butane,
nonane, decane, dodecane, undecane, hexane, nethyl
cycl ohexane, cycl opropane, cycl obutane, cycl opentane,
nmet hyl cycl opent ane, 1, 1-di net hyl cycl opentane, cis

i[@lgbﬂg: Eﬂr@éc' e\?é %}g‘guntt aﬂ%extiaogve agent can vary widely. In
dipBRL- Ny how&)eP AR AR Inc ALY SYGIPRE @i’@e{b@iﬂve QY& APEXEREnce the

nethylcyclohexane benzene, tol uene, xylene,
or¢cavery \if éhreedilysar wmgdren‘esucmas awd;IF@n &or axamptexthara® of the

th f. 0012 | t h t t

e AP a i Gl St ds GO TRULH AE0 P ehRgs P32 8h o Fotar
| Badisl QltBghati¥ely Ofr 613 2bbliN@811.0 fy&Hou€ 1.080. armt&@htarleiya RS about
alkenes aromatics, and m xtures thereof. Exanp

i A Lideo #howh ;0. hemd aliernatiealyiyfegre bpiii 4 A4 to |ab@1rtelx(hﬂ€

2- met hyl pent ane, 3-net hyl pentane, 2-. nethyl but ane,
2, 2-di net hyl but ane, 2, 3-di net hyl but ane,
2{0EBhy| hexanean %Inw&ﬁlhylhtDERm agd eisbbil@l'ﬂﬁb af@rm azeotropic

2, 2-di net hyl pent ane, 2, 3-di et hyl pent a
QFAEDIIEManEY TBols. fHGHonHSI 345ent ens, and at'0:38 mole fraction

gR;@%é"Xﬂ hept ?%?2?451 ol YRR Siso %% i asto®Bh % VARY %Qﬁ‘l?es in the

J4,-trime pent ane, octane, heptane,  butan
noanga drond@.d é(rhm 0.699 ﬁmdmﬁactmndé]c?:éa at 2$?éi>(zmnlé7 5°ﬁetAh3yI mixture of

HTROR S PO 38 R e Sl o B el SBMITi R Girocess

digsRtibyYd gatcinopent ane, trans- 1, 2-di met hyl cycl opent ane,
trans- 1, 3- di net hyl cycl opent ane, ethyl cycl opent ane,
cycl ohexane, methyl cycl ohexane, and mi xtures thereof.

%‘f@gﬁﬁxamkgﬁ‘gg (:?E%( dt Oi@clgtboﬁncﬁe Kg;?ogﬁgﬁsg%n i &tures of 1,1,1,2

rredt@ﬂwﬂoemané QO3UAH landl sstrRiyl@leNorsFBEl i sfER fangB-dTedtaiidsitions
and/ or m xtures of hexane isoners can be used as an

ekoma@Pitod -hiwie fpetiamB1i4ap dpate ih phayn fasdior tpmpratire devels,
E?sfgcﬁ%é 5B 16 tht bl S Eeéléaﬁ‘f&‘? At Blimb ey ApdF HRAMUES 1Bund

ecf ive ano
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



hexane to the m xture of isobutylene and HFC bei ng

fractionated (to recover a portion of HFC) reduces the
we@Rdoenodssx activity coefficient of isobutyl eneP@EUSI004/€20164

to HFC. This reduces the volatility of isobutylene in

the presence of HFC during disstillation and avoids the

azeotrope or azeotropic-like behavi or between

i sobutyl ene and R 34a or R 52a. [00127] In these

e(DTbDI:i'O Aiol¢ fractionlRikERae Tangisshownxbtivesteoipetatia hevels, 25°C and

Qners ar Il -suited jn the practice of the
Folnt T, techtls & BIAHHETeA HaRTaHR SHBUGHEBUR finfpund at the
%{E gt% aI; flc 1619arfcf‘tﬁaﬁhex%‘}§a4arig%%?%1¥1b§§iﬁoﬁ§ Pf&rﬁra%o&ro 750

uty ene mxture to all ow Separation of
t toeD. QﬁﬂmmtaefnacslonrRIﬂie volrdre)itheavapoo psdssures bisi dspengially constant,

ey

Addi tional ly, hexanes have a | ower nol ecul ar wei ght
and |l ower boilin erature in the towers conpared
t BNBES TR e A PHYLL Aﬁ“&@nﬁﬁat ed hydrocarbons cont ai ni ng
nore carbon atons. This | eads to nore noderate
conditions of tenperature and pressure in the

djoet3s] at i oTheqhivdBAt dedcABIL Flerdi @&y tigd Msed to manufacture
embodi ments, sat urat ed h%(dr ocarbons _are preferred over

uP@iﬁmeSaltSé@l iy widscearisbh el aprlicationshellie loyiwqereealcpsrinepbility
T i s
tﬁﬁnmhephaate OThdsb&aink keoperted eresalste st nmpbleartcecmame cushions,

:g}gey ha\é;ﬂq gng%{" g&t gerélj{‘j‘{esp gcﬁri]{%%/‘gatﬂi gésn:aﬁ Lo c%lsltlcal ctfosures

d*rﬁé ’[ﬂeh‘ﬁ%]l' i va@&l{éﬁolyﬁef@ﬁhé PR eh@SiinhRITR BPREA P Rubber
due to t relative volatility versus
| *ambmmmgdﬂsichmdmmh teoweraturel satviceehossh.aand ¢anyeyar balts for hot
éaﬂﬁ or R 52a. [00129] In certain enbodi nents,
|F‘afe§1abl F3%l e that the extraction agent be sol ubl e
in the HFC over the range of tenperatures that the
extraction tower(s) will be operated and that the

el@013ek i on Tht \nehtmerstexhihimbigh spwpingoped jhaye| ynigyely, broad

t Ha?mping 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.

[00137] 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.



HFC. [ 00130] The effective anmount of the extractive
agent can vary wdely. In general, however, using an
w0 p@oeesssl anount of extractive agent w || enhe@yEeS1004020164
recovery of the diluent conponent such as the HFC. For
exanpl e, the ratio of the ex#pactive agent to the
diluent is fromabout 0.2:1.0 to about 1.0:0.2 on a
nol ar basis, alternatively, fromabout 0.3:1.0 to
apan138]L. 0: 0 Blgndaldf eherpolyweky of fhednvatioutwith BietmOplagtic resins

about 1.0:0.5, and alternativel from about 0.7:1.0

t Brea!i}%?ét POI. fgughening @%?ﬁ? SOPRHIdS éﬁgwﬁmﬁwwdﬁﬁﬂm and
[ | el icts] o & ;

| FOB R OO R CR ot & M e

3l catairy sPidicatRins3tha ivgtehtipobimdry brrvédeafos @ hightyelastic compound

azeot.rope-| | mxtures inh the.range fromQ,750,t0
058" bl B BhthiPlalt pfuad BGnieny thd gers of the
MinstdHt frvehtiéd m3dalsand bl@BEWHIeRAY £/ideP® FedRkdIRd industrial
using the extractive distillation process described

heprliaatiop0132] Figure 3 shows a plot of the vapor
pressure of mxtures of 1,1,1,2 tetrafl uoroethane
(134a) and isobutylene over the entire range of

CPOA39| t | oNThEr potyRefs ©O the OinfBhE ihvendibh omaf alSfde used as
Data is shown for two tenperature |evels, 250C and
79dlesives.o e serlants, pad jgazing spmprERdss The¥i #aralenpeeiul as
PLESAMLGs - PKARC AP At dp 1
RSB8P AR TR EAPSSICOPERLE] SRRl fa
t bov0. BaSityrpolyefhydanti @LDPE)38kndd)ethey tihduceaglarg to stretch-wrap

ressures are .essentially constant, indicatin } ;
gf‘i‘&?-r f{@sy ﬁ%lsocwpf 5 Fpioped iy Bibricppts 2 H%SP?réafﬁ%ﬁ@%.m potting

[ 904 3Rktrichl ABRIABA: AiFReEIsTENt, R 52a and isobutyl ene
form azeotropi c conpositions at 0.87 nole fraction R

52a at 250C and at 0.94 mole fraction R 52a at 750C.

R and isobut.yl en so form azeotr.ope.|ike

OREPLE" 15 e B BEeighR b BT bE B ipyltfon make them
f apet L uRlin SdRwalg-2@AC BNehellSAE. inAMyedidaX t Apfic@ion® such as
52a and isobutyl ene can be separated using the
ephpuaceyticalistepners, and 8i¢ asisdercrainigelesi bed her ei n.

[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.



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

m xtures of 1,1 difluoroethane (152a) and isobutyl ene
W@2@nr/004563 ent i re range of conpositions fronD tRCWUS2004/020164

nole fraction R 52a. Data is shown for two

tenperature | evels, 250C and4¥50C. Fromthe plot, it

is clear that a maxi num vapor pressure is found at the

azeotropic conposition and that there is a range of

conmpositions fromabout 0.750 to 0.999 nole fraction

R 5 where the vapor pressures are essentiall ..

cé?Pslﬁght . i ndF &ﬁ%mwgtags@ow 58 prk degss SOmpRHLs fligyids or

U By Se RAA £4:65) T8 BRargd NBHS AR A A RIHIGOE NSudtQP AP hlalbfin a

i nventi on descrlbe% , herein may be used to

méhrenhesthitedeoip bhthndhe pussetingl inside Whedeellvisrmenijored with a pressure

applicati degree of pe abi Li o) ses

=SBt uo R PnGTE T e 88eS g B am g1y Mg o B ranual

Na&EIpY ahd A&Idet CI*JEECFUI'?, BbAsBtdcNpfidel M85 D MIESSH SR mputer-

propérties are also of inportance in air cushions,

paetiradledsespp) Ags pressvrerensansveraedihigiedtvoth dagssurgrilance
i h | stabi]it .t h

DU BB, DRT R TG, LR R, S porno

t rdsstHide | thgnidhedele(msodehi1G60} Blaresdbntife & buthCeasb)s dhe total
and conveyor belts for hot material handling. [00136

TReMpetitersrase dsternpned fipgHhekagvmguanigenal auds igirstesl tho the
N ! ! . .
SRR AR Gy b oA R MRS, KRR s o

r ubsloesl pEratausandd fatapping detapglivaainjednon puapd dmolasd @f the
suspensi on bunpers, au exhayst. hangers,..and body. .
nﬁ%ﬁ?%t?f'[)%itgg?ap?ﬁré‘“ﬁohﬁﬁeﬁ%mafPliaﬁ"e ‘H%H@P%%Hf’nﬁ ﬁ(ﬁeﬁ%?a&%?d by
aLSlvRloSRadd 98E Yhluhtt Halldnle i d@as Whichnde h1s6 8GR RHPYSliquid
In sidewal | s, the polynmer characteristics Inpart good
ozgibbremiistbapemnt.cr ack cut growt h, and appear ance.

The polyners of the invention may al so be bl ended.

Properly fornul ated bl ends with high diene rubbers
t hat exhi bit phase co-contiTabietty yi el d excel | ent

7 est Srpren AT HH Eryi R B o6 DeisH P L6 56

X1 P/ kPa X1 P/kPa
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
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 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




abrasion resistance and rolling resistance for high

performance tires can be acconplished by using the
wp@odogiessss of the instant invention.[00138] Bl ePdiBUS$004/020164

the polyners of the invention with thernoplastic

resins are used for tougheni Ay of these conpounds.

Hi gh-density pol yet hyl ene and i sotactic pol ypropyl ene

are often nodified with 5 to 30 wt % of

pol yi sobutyl ene. In certain applications, the instant

pol ymers provide for a highly,elastic conmpound that is

processabl e in thernoplastic nol di ng equi pnent. The

pol y rFeapsrimﬁmtahBX {latg faxrthe is)rsteanRil?zAa (hhﬁ/isa-lbgt;nb €) bk RO
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appl i cati or(1)s such as p %:éﬂ ceul i cal &foo ersgﬁﬁd t
arts for pailaesrol | er 3153[8(1D141ﬂ The62! | gui nzpesanp| es

refl ect—erm Tenmt s of e nvent ndare Mo
means ilnte g%é rlé‘ﬁétl ng lof 1 ;?g écone 0%3%?14
i nventijon. OEXNVPLE [0(1)7194;29] For t ho8d E rreas:mserxent

(i sot herrmet ta |||c| en atfrc—dewvi

wer e used §§4b€scr bed&%\zr6u \?8?8[ |v d%a\‘}%
sui t ablje t<o4d$5mns1 r at eoashe foI | owipogp prijnciydies nay
be used: HDBHID ptocetd U|c, %e pt-esstrerof—di-fferent

over al | {tionhs | 3t3h=_2“<5\sured at constant
terrperature The first apparatus can be operated at
tenperatures between 200 Kagfl 00 K and

-

[72)

Azeotropic conditions derived from the Px data

Component 1 Component 2 T/°C - ' Y10z P./kPa
R134a iso-butene 25.01 0.84 684
R134a 1so-butene 75.02 0.88 2378




pressures up to 20 MPa. This apparatus has to be
operated manual ly. The second apparatus is operated by

w@2@enmiser and can be used at tenperatures beP@EESBIR0164

K and 420 K and pressures up to 2 MPa.[00143] The
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Table 5
Experimental Px data for the system R152a (1) + iso-butene (2) at 75.01 °C

X1

P/kPa

X1

P/ KkPa

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

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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Table 7 Analytic VLE data for the system R134a (1) +
i sobutene (2) + n-hexane (3) [00144] Al patents and

W@ 2106/00958ppl i cati ons, test procedures (such asP@BUN2004/020164
met hods), and ot her documents cited herein are fully
i ncorporated by reference to4he extent such
di sclosure is not inconsistent wwth this invention and
for all jurisdictions in which such incorporation is
permtted. [00145] When nuriabledal |ower |limts and
nureri cal qu%ze&t'r(‘B&&n%Et?onLd rtixgeg flt})%ﬁleri’x aty J€S from

any lower |imt to any up are con errplated
[ DO&émpondhit L & tﬁﬁldpbhéiﬁbrcl“\/?/%bom meny,s, of fh%z/kaa

boon daoccor Inr\rl uui-ln wari-l r-nia_r_L \/

L
IVCII[] UII Ilav., PTCTTTTOTIoTT 1

I 7
wi || Bd5¥nder 5t odw-tokeae vari o200t hdr ot i cafi oné03
Wl kp@@aopar ent j4,Qupild C3n bes geadifly mpgle by| Thogg,

skiled—in—theé art wthout dnnarhnn fromthe Bpirif

and scope of the invention. Accor di ngly, it is not
i ntended that the scope of TaBr Tl ai N8 appended hereto

e T A

GEN aI thg Teaturep of pat enta ovel Y

D \?ﬂl. g p@%}ﬁn ;‘ Y he ar p%&nt nvent i o ﬁbl uj;I ng %I | ¥

I [f dt ur @D7dhi ch 94\m5| d HWeoou7eat e@lO@glequD@al@nt s .¢uss20t  0.01285
by, T NO I T (O hrrt vemnt

2 | dor %3)45 § Q‘W_m Q)g)o%g _b'ék d§6 Hod-00360 | 0.03050

3 |cohpr|i 4489 ConTssnsi rlg ceosext ra«nzaéw,e aﬂgenssw tih 00370 | 0.04113
T XtTur ) e i g O i el fre— R oher

4|0 #g §rﬂ10 obt b'.gz ’ Sl“onug's’gén . 4@3{) 8.95995 [ 0.00299 | 0.03706

5 | hydr gf I8uos o¢caobmasgs)|, otomodor m(a419@mt ch.opzBdUCt(.00827 0.03760
The method—of —ctarm I, —wheretrn—subsetuent—to

contacting with the extractive agent, the contact

p t is S tlaInyree f the at |east one

TORGHE, ' 3. RRaa ettt Splcalir Gepera eeR ST

t Mehond)agdd Meﬁ"@ldc‘&nfeﬂ% cited herein are fully incorporated by reference fo
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.




extractive agent, the contact product conprises 100
wppm or | ess of the at | east one nononer. 4. The

woredohoesed cl ai m 1, wherein subsequent to contBCI/USZP04/020164
with the extractive agent, the contact product
conprises 30 wopm or | ess of 44he at | east one nononer.
5. The nethod of claim11, wherein subsequent to
contacting wwth the extractive agent, the contact
product conprises 5 wppm o€fLAEYS of the at |east one
nononer. 6. The -nethod of claim1, wherein subsequent
to contacting with the extractive agent, the contact
pm@ggqqsqgﬂgnMquSZ wppm or | ess of the at |east one
nmonomer. 7. The nethod of claim1, wherein subsequent
to contactlng with the extractive agent, the contact

product, is .free of .the at |.east one noner

bt hod Aof iy IR PUERNA FOCPAAEYS e i fgisture, the

ext I acliRrd8abriGRITRY leSe SndnonBAet 208 dweht QBAMRAg one or
9. The nethod of claim8, wherein the at | east oOne

hydr oc ardse hydefpeiosarbor(), ke fosm apnatast Repdact. 10. The
nmet hod of claim9, wherein the at |east one al kane
conpri ses butane, pentane, nethycyclopentane,

I gohexdhe, methaet bﬁ”cpﬁiﬁt &N &vherein N&ibBaGuBBN t@Ndntacting with the
2- et hyl but ane, 2-di net hyl but ane,

2, 3-di ﬁé@fﬁ% @gawethem?@phpmg%ﬁ @ssentiplly fipe 6K, least one
3- et hyl ps pe, 2,2-di nethyl pentane,

2, 3- dlne pentane 2, 4-di net hyl pent ane, 3, 3-di net hyl
pentane 2 nethylheptane 3- ethylhexane

2,.5-dineth an trlrret ent ane, oct.an
ant and e pHethas. okl GiBEhn e SoRfetBevih the
hexane exiRiivg lag &Mcﬂhg Q@ﬁt@&%ro&)é@ L:QIB{DH&%Q@O Wpiih 8P W80 he at

cycl opent ane, nethy cycl opent ane,
1, 1- di heastodeoyethampent ane, cis 1, 2-

4. The method of claim 1, wherein subsequent to contacting with the
extractive agent, the contact product comprises 30 wppm or less of the at
' )

least one monomer.

5. The method of claim 1, wherein subsequent to contacting with the
extractive agent, the contact product comprises 5 wppm or less of the at

least one monomer.

6. The method of claim 1, wherein subsequent to contacting with the
extractive agent, the contact product comprises 2 wppm or less of the at

least one monomer.

7. The method of claim 1, wherein subsequent to contacting with the

extractive agent, the contact product is free of the at least one monomer.



di met hyl cycl opent ane, trans- 1, 2-di nmethyl cycl opent ane,

trans-1, 3- di nmet hyl cycl opent ane, ethyl cycl opent ane,
weywbobiszane, net hyl cycl ohexane, or m xtures tPer/Esf004/020164

11. The nmethod of claim9, wherein the at |east one

al kane conpri ses hexane, hepta@ne, or m xtures thereof.

12. The method of claim 11, wherein the hexane

conpri ses n-hexane and/or m xtures of hexane isomners.

18. Thaheetdinst of anyf Bk pré@dmgedaigisngvheteh MR extieried Agent

the ratio of the extractive agent to the diluent is

fr om aBYgPriges At leag ang hydegarbeno: 0. 2 on a nol ar basi s.

14. The method of any of the preceding clainms, wherein

the ratio of the extractive agent to the diluent is

f Pom aﬁham@hﬂ df daitro8, abloeutin thdatdedst one hydmokabon comprises at

basi s. The nmet hod of any of the preceding clains,

wher ei e alkang: of the extractive agent to the

di | uent |s from about 0.5:1.0 to about 1.0:0.5 on a

nol ar basis. 16. The nethod of any of the preceding

cléi s Thmhmﬂmdwoﬁ tlainy 9 Whereiin théiet erstranetallame a:gamtisdzsdautane,

the dilu is fr maoutO?l to abo 1..0:0.7 on

a ol aPUHAY o MARVSRITRERS A JFoRgRST thEHPARATRg

cl ai ms meti@pditdhel REmEKYIbaGhe, 0N23BRBthyR%ane, YO- amekhyquane
equi valent to hexane. 18. The net hod of any of

pr eced?ripetbylipxane, viheeBiyHiexme, ai-cthylpentasae %ﬁmhylp@tane
c-C 9. f wh
The cr AR bdart) 2 Ol B, O Sy MRERE o-

any of niefig/lipgpeardi Nng SethiyMBxansher eIZJSIdﬁlﬁeiﬁthém I's a@,24,-
reactor effluent.
trimethylpentane, octane, heptane, butane, nonane, decane, dodecane,
undecane, hexane, methyl cyclohexane, cyclopropane, cyclobutane,
cyclopentane, methylcyclopentane, 1,1-dimethylcyclopentane, cis 1,2-
dimethylcyclopentane, trans-1,2-dimethylcyclopentane, trans-1,3-
dimethylcyclopentane, ethylcyclopentane, cyclohexane,

methylcyclohexane, or mixtures thereof.

11.  The method of claim 9, wherein the at least one alkane comprises hexane,

heptane, or mixtures thereof.

12.  The method of claim 11, wherein the hexane comprises n-hexane and/or

mixtures of hexane isomers.

13.  The method of any of the preceding claims, wherein 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.

14.  The method of any of the preceding claims, wherein 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.



21. The nethod of any of the preceding clains, wherein

the m xture is an azeotrope-like m xture. 22. The
woreahowsed any of the precedi ng cl ai nms, wherei PCT/H82004/020164

m xture is an azeotropic mxture. 23. The nethod of

any of the preceding clains, 4dherein the one or nore

hydr of | uor ocarbon(s) is represented by the fornul a:

CxHyFz wherein x is an integer from1l to 40 and y and

z are integers of one or nore. 24. The nethod of claim

23, wherein 1S from1 to 10.25. The nmethod of claim

235, wndhgiediod ot fgnph the pedae clpt@smaiivgdn dhe GRae M the

23, whek@idliv¥ absntltb IR dilliht B frédr abbRE 05EL.HE 286utaY-0%f on a

the preceding clainms, wherein the one or nore

hydr of meladwsison(s) is i ndependently selected fromthe

group consisting 1,1 difluoroethane, 1,1,1,2

tetrafl uoroet hane, and m xtures thereof. 28. An

a16.0t r JRE (mehid WeargOoP thes biGeding , claiths, wherein the ratio of the
tetrafl uoroet hane and i sobutyl ene at about 0.84 nole

fract i ¥ractive pgentite thadilupst sefrrmmbont 0dblbdto 20T 1018.7 on a
at abo 01%. %%Sm)l e fraction 1,1,1,2 tetrafl uoroet hane

at abou ? . 29. An azeotrope-like mxture

conprising 1,1,1,2 tetrafl uoroethane and i sobutyl ene
in_the_range from about 0.750 to about 0.999 nole

f ket i dRe fcthod of anyt plafhe spcseinglame: Whstin thegotraglien agent
about %20 dg@ﬂg uﬁgﬁgh5qﬁkgxgixture conprising 1,1
n ut

di f| uor oet hane I SO yl'ene at about 0.87 nole
fraction 1,1 difl uoroethane at about 250C and at about

0.94 e fractiaon 1,1.difl uorpethane at . about, 750C.

318 anThS P oo PG BBhS G ny hEteR the at feast one
difIuohgﬁbﬂgpgzg@gcggggwﬁﬂjene in the range from about
0.750 to about 0.999 nole fraction 1,1 difl uoroet hane

at about 250C,and about 750C.

19. The method of claim 18, wherein the C4-C5 isoolefin is isobutylene.

20.  The method of any of the preceding claims, wherein the mixture is a

reactor effluent.

21.  The method of any of the preceding claims, wherein the mixture is an

azeotrope-like mixture.

22. The method of any of the preceding claims, wherein the mixture is an

azeotropic mixture.
23.  The method of any of the preceding claims, wherein the one or more
hydrofluorocarbon(s) is represented by the formula: C,H,F, wherein x is

an integer from 1 to 40 and y and z are integers of one or more.

24. The method of claim 23, wherein x is from 1 to 10.



32. An extractive distillation system conprising one
columm, at | east one condensi ng exchanger, and at

WO e@stowse vapori zi ng exchanger. 33. The extr aRCT/V82004/020164
distillation systemof claim 32, further conprising an
extractive agent and a sourcesof an azeotropic mxture
or a source of an azeotrope-like m xture, the source
of an azeotropic mxture or the sourceof an
azgot r dpenicthosl ofi cktinwr2S, edeteircoipirormiIng At | east one
nononer and a diluent conprising one or nore
hydr of | uor ocarbon(s) (HFC). 34. The extractive
! | | ITRE bWt imels, Gheldh % WA g the source of
an azeotropic mxture or the source of an
azeotrope-like mxture is a vapor, liquid, or mxture

t hereo 35.., The .extr ive distil]ation system of an
o??‘cl aitrh'ﬁ I%?b%tz,()ffat?yt e{hechﬁfﬁ‘@%g fgms. Whesto theone or fnore
cool i ngy@veatiagabon@Pis iﬁagae%a&ﬂtwélée@ecﬂfréﬁﬂ fht @kdi@consisting
system of any of clains 32-35, wherein the one col um
conpr i $dsdifluonogthgre, il Hy b2 teteadluprosthapempdingixhyesgthereof.
plurality of trays. 37. The extractive distillation
system of any of clains 32-35, wherein the one colum

CO8pri s@s ateolrepist rhittire S@GMIPEISHCONPNIBI Rfrafluoroethane and
pluralltg of trays he extractive distil]ation

. 38 T
syst emiSgPuigleap %B‘_“Ero-%“?f,n%ﬁﬁ‘éi% bhd Dtetiefinorogthgpe at about
trays %5“?3 Qﬁ@%ﬁ%&od‘c%.ﬁ@ Endio! oh i ﬁp,gs%ES%#dr?ﬁgﬁiaé?Beébout

to produce an stream essenti alfy
| east @H.nmonomer. 39. The extractive distillation
system of claim36 or 37, wherein the plurality of

trays are present in the colum in an effective nunber
t 99 pr OAUC @ @ JPEGikSt HERML QR 1 10 109 BB RrdcBiRBe and

of the at |east one nononer. e extractive
di st i | isabutylene yis tteerrapige dram mbaa 675370 ahber @PPO tivde fraction

pl ural ity trays are preseniojn the caolu in an
ef f ect ?\L}el’%%%@Pxﬁosﬁﬁ?eo%&ggm% {;ﬁaﬁgﬁwg% onpri si ng
30 wopm or |less of the at |east one nononer. 41. The

extractive distillation system of cl ai m 36 or 37,
Wher ei Ant HEOWPRIE Apixtuye comprising 1,1 difluoroethane and isobutylene at

about 0.87 mole fraction 1,1 difluoroethane at about 25°C and at about
0.94 mole fraction 1,1 difluoroethane at about 75°C.

31.  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.

32. An extractive distillation system comprising one column, at least one

condensing exchanger, and at least one vaporizing exchanger.

33.  The extractive distillation system of claim 32, further comprising an
extractive agent and a source of an azeotropic mixture or a source of an

azeotrope-like mixture, the source of an azeotropic mixture or the source



of trays are present in the colum in an effective
nunber to produce an HFC stream conprising 5 wppm or

w0 e@s/00#553 he at | east one nononer. 42. The extrBCT/USE04/020164
distillation systemof claim36 or 37, wherein the
plurality of trays are preseA? in the columm in an
ef fective nunber to produce an HFC stream conprising 2
wppm or | ess of the at | east one nononer. 43. The
ext r acof ee azdotiop¢-likie imoxtusy stchroofprisingi anl&6t one gippomer and a

wher ei n.,.t h lurality of trays e present. i he

b1 uem At eBupridng bl Stmt S b B ot r eam
free of the at | east one nononer. 44. The extractive
distillation systens of any of clainms 32-43, wherein

t hé at Thesxtragive digilshen sysfemseobelpipn dde Whasin tigesource of an
extr acakvaq\{)gré)gilcﬁﬁl{)éﬁlérgt()lr Uk §(¥1§Eee g?ﬁrgli %rzegolf%?() gflikglrg%;g[%f 813 aivgpor,

32-44, one of nore orocar

I ndepetigeid] byym@ire ¢iegebff r om t he group consisting 1,1
di fl uoroethane, 1,1,1,2 tetrafl uoroethane, and
m xt ures thereof.

35.  The extractive distillation system of any of claims 32-34, further

comprising at least one cooling exchanger.

36. The extractive distillation system of any of claims 32-35, wherein the one

column comprises at least three sections comprising a plurality of trays.

37. The extractive distillation system of any of claims 32-35, wherein the one

column comprises at least four sections comprising a plurality of trays.

38. The extractive distillation system of claim 36 or 37, wherein the plurality
of trays are present in the column in an effective number to produce an

HFC stream essentially free of the at least one monomer.

39.  The extractive distillation system of claim 36 or 37, wherein the plurality
of trays are present in the column in an effective number to produce an

HFC stream comprising 100 wppm or less of the at least one monomer.

40. The extractive distillation system of claim 36 or 37, wherein the plurality
of trays are present in the column in an effective number to produce an

HFC stream comprising 30 wppm or less of the at least one monomer.

41.  The extractive distillation system of claim 36 or 37, wherein the plurality
of trays are present in the column in an effective number to produce an

HFC stream comprising 5 wppm or less of the at least one monomer.
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42.

43.

44.

45.

50

The extractive distillation system of claim 36 or 37, wherein the plurality
of trays are present in the column in an effective number to produce an

HFC stream comprising 2 wppm or less of the at least one monomer.

The extractive distillation system of claim 36 or 37, wherein the plurality

of trays are present in the column in an effective number to produce an

’,HFC stream free of the at least one monomer.

The extractive distillation systems of any of claims 32-43, wherein the at

least one monomer is isobutylene.

The extractive distillation systems of any of claims 32-44, wherein the one
or more hydrofluorocarbon(s) is independently selected from the group
consisting 1,1 difluoroethane, 1,1,1,2 tetrafluoroethane, and mixtures

thereof.



