METHODS FOR SEPARATI NG SLURRY COVPONENTS FI ELD OF
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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
ion. Following, additional monomer units add to the formed carbenium ion in
what is generally called the propagation step. These steps typically take place in a
diluent or solvent. Temperature, diluent polarity, and counterions affect the

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

[0003] Industry has generally accepted widespread use of a slurry
polymerization process (to produce butyl rubber, polyisobutylene, etc.) in the
diluent methyl chloride. Typically, the polymerization process extensively uses
methyl chloride at low temperatures, generally lower than -90°C, as the diluent for
the reaction mixture. Methyl chloride is employed for a variety of reasons,

including that it dissolves the monomers and aluminum chloride catalyst but not



including that it dissolves the nononmers and al um num
chloride catal yst but notthe polynmer product. Methyl
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Aggigneniatigel particles tend to adhere to and grow and
pl ate-out on all surfaces they contact, such as
reactor discharge lines, as well as any heat transfer
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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
have the ability to remove the heat. An example of such a continuous flow stirred
tank reactor ("CFSTR") is found in U.S. Patent No. 5,417,930, incorporated by

reference, hereinafter referred to in general as a "reactor” or "butyl reactor”. In



generate heat and, in order to keep the slurry cold,
the reaction systemneeds to have the ability to
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i sobutyl ene and a pol yolefin having 4 to 14 carbon

atons per nolecule, into a body of a fluorine
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the dlspersed 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.

[0007] U.S. Patent No. 2,548,415 discloses, inter alia, a continuous
polymerization process for the preparation of a copolymer, the steps comprising
continuously delivering to a polymerization reactors a stream consisting of a

major proportion of isobutylene and a minor proportion isoprene; diluting the



fluorocarbons would result in a biphasic systemwth
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their use difficult and unsatisfactory. [0007] U. S.
Patent No. 2,548,415 discloses, inter alia, a
conti nuous pol yneri zation process for the preparation
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H@f\ﬁ\dﬁj‘ns boron trifluoride is not a preferred
comTer cial catalyst for butyl polynmers for a variety
reasons. [0008] U. S. Patent No. 2,644,809 teaches,
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in conbination of ’'m X
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dichlorodifluoromethane, dichloromethane, trichloromonofluormethane,
dichloromonofluormethane, dichlorotetrafluorethane, and mixtures thereof, the
monoolefin and multiolefin beihg 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,
tightly controls the manufacture and distribution of CFC's making these materials

unattractive for commercial operation.



di chl or ononof | uor met hane, di chl orotetrafl uorethane,

and m xtures thereof, the nonoolefin and nultiolefin
wheingodsesol ved in said |iquid, and carryi ng BCL/US1004/019994
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slurry characteristics and mnim zing reactor fouling,
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[ P0h1] AmonanssiphsiRBSEosPRblyMRfikaidini GN"dFwnsHEMA'S bfRB&kks are
processes are nethods for obtaining polynerized |
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separate the nethyl chloride diluent and unreacted
nosasinter sephratarthehmethyl chloride diluent and unreacted monomers from the
polymer causes a significant energy loss. Thus, chlorinated hydrocarbons such as

methyl chloride present many challenges associated with the sticky nature of the

polymer particles produced using methyl chloride.

[0012] In the alternative, hydrofluorocarbons (HFC's) are of interest and
are currently used as environmentally friendly refrigerants because they have a
very low (even' zero) ozone depletion potentiél. Their low ozone depletion
potential is thought to be related to the lack of chlorine. The HFC's also typically
have low flammability particularly as compared to hydrocarbons and chlorinated

hydrocarbons.



pol ymer causes a significant energy |oss. Thus,

chl ori nated hydrocarbons such as nethyl chloride
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nature of the polyner particles produced using nethyl

chloride. [0012] In the alterhative,
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[0016] In an embodiment, the invention provides for a method for
separating slurry components, the method comprising obtaining a slurry
comprising a diluent comprising one or more hydrofluorocarbon(s) (HFC) and

applying an effective amount of force to obtain polymer particles.

[0017] In any of the previous embodiments, the force may be a

gravitational force.
[0018] In the previous embodiment, the gravitational force may bel G.

[0019] In any of the previous embodiments, the force may be a centrifugal

force.



conprising a diluent conprising one or nore

hydr of | uor ocar bon(s) (HFC) and applying an effective
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any of the previous enbodinents, the force may be a

gravitational force. [0018] Ih the previous

enbodi nent, the gravitational force may bel G [0019]

In any of the previous enbodinents, the force nay be a

centrifugal force.[0020] In any of the previous
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least 1,000 G [0022] In any of the previous

enbodi nents, the centrifugal force may be from at
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enbodi ments, the centrifugal force may be froﬁ1at

| depap atlgas dP0BG.[ 0024] I n any of the previous

enbodi nents, the force applied is provided by a

hydr ocycl one. [0025] In another enbodi nent, the
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the first slurry. [0027] In any of the previous

enbodi ments, where applicable, the device is a filter.
[ 0082 | n akyaey of the mewoivembaditonisnbatfercewhplied is provided

amglaihgfaQJc%loBQe flow of

[0025] In another embodiment, the invention provides for a method for
separating slurry components, the method comprising providing a first slurry
comprising a diluent comprising one or more hydrofluorocarbon(s) (HFC) and
passing the first slurry through a device to obtain a second slurry, to obtain

polymer particles.

[0026] In the previous embodiment, the second slurry may have a slurry

concentration greater than the slurry concentration of the first shurry.

[0027] In any of the previous embodiments, where applicable, the device
is a filter.
[0028] In any of the previous embodiments, where applicable, the flow of

the first slurry is tangential to the surface of the filter.



the first slurry is tangential to the surface of the

filter.[0029] In any of the previous enbodi nents,
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di aneters or cross-sections greater than the dianeters

or cross-sections of the polynmer particles. [0030] In

any of the previous enbodi ments, where applicable, the

filter conprises nedia having di aneters or
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t STosPryecsqas of frﬁm at lsast 50 abiherebynen partigles parsingdhraygh the
t belf equivalents, and elenments or limtations that

are equivalent to those that are recited. [0034] For

pur poses of this invention and the clains thereto the

ataly ste refers t nd i ncl udes an ew s
LIOQRES or Y Tt it b presis oS HTE SpRRCANS dhe filter
t REmPALLBEAZ v 3 @hmbRE & Bfoklk&tiBRONIB tBarOihe diameters or
t hei nvention, as well as at |east one initiator, and

ostasenedtionps of from afi lnast 60% of %tpocbongm@e&;passmg through the

filter.
DETAILED DESCRIPTION
[0033] Various specific embodiments, versions and examples of the

invention will now be described, including preferred embodiments and definitions
that are adopted herein for purposes of understanding the claimed invention. For
determining infringement, the scope of the “invention” will refer to any one or
more of the appended claims, including their equivalents, and elements or

limitations that are equivalent to those that are recited.

[0034] For purposes of this invention and the claims thereto the term
catalyst system refers to and includes any Lewis acid(s) or other metal

complex(es) used to catalyze the polymerization of the olefinic monomers of the



[0035] In one enbodi nent, the invention provides a

pol yneri zati on nmedi um suitable to polynerize one or
worne/omssoner (s) to forma polynmer, the pol ynmePCmE$10041019994

medi um conpri sing one or nore Lewis acid(s), one or

nore initiator(s), and a dil ®ent conprising one or

nor e hydrof |l uorocarbon(s) (HFC s). [0036] I n another

enbodi ment, the invention provides a polynerization

medientiors st well @s tad lgpst pne inifistonrandooptromakly mthes meinps atalyst

to form ol ymer, the polynerization nmedi um

cBW%P@gpﬁépone or nore Lewis acid(s) and a dil uent

conprising one or nore hydrofluorocarbon(s) (HFC);

wherein the one or nore Lewis acid(s) is not a

ctif38Lind repr e!;@nﬁ@bodwlenbr thel &nv@ON \fhieyidesvia polymerization

Q%eﬁf n%?ulp%ﬁe 0 OP(ﬂd >e<r1|zze201?reo Q@ }rrrlggegf%[ogélgg&#] toTiJa? % néoqﬁlger the

I gblghegizatiornt h&dﬁﬁh &0hipBiBin@f orfeoby Mure Zodwis I’hcitms')d iolhk astSmore

and .conponents, well within the ability of thos

s kntiateg(sk and # dilygnf COTBRELRSPRE ‘?rdn?}lﬁthé(ﬂ’f?ﬂt“ﬁg’cﬁ’fb@éﬂ(fé {HBR's)-

of a desired polynmer in light of process paraneters

and conponent properties described herein. There are

n{ods6pus peimnahahéroambmdintehe tho linveetioz provadespa obserization

and wvari ati [ nerization

t
o PRI EE ElaRTE By el e S msBP R G ORT pobimer, the

l Borgfﬁ%h%ﬁ&ld nﬁﬁﬁﬁ@'cﬁ%h&ang%hop‘ﬁldf@m&vlé neld¢gleand a diluent
pol yi sobutyl ene honopol yners, isobutyl ene-isoprene

([ggmytlsmg e oy m@pchyyl Lg)roqagt@nj(ﬁ))( [¥:% mhgrem the one or more
PR DA b R SRR el B o AR AR SRV o

yners. At CHeans

dllSSn'tJta/llaﬁg)@g%ﬂialog&| uent is speC| fically defl ned to
i ncl ude chem cals that can act as solvents for the
Lewis Acid, other netal conplexes, initiators,

{Tmlg rs or {Iﬁé Iﬂg{als@dghltabi\éeé po J%%rrk@ RERDIrS o ﬁfrnﬂt Qﬁolymer

ntion, uent does ter the genera
mlateetmﬁletshlectdmn@bmﬂymsnmmon ltenqpodymardi coamponentspeellimithin

t he nents of the catal tem rs,.

e ‘E’ ARG B T B B AEESaPr 0P Rt HOPOIRG. of @ desired
hhBght! HEProREY phRAfetaf tahd "BImSBIeH! prdperties described

pre erred enbodi nents, the diluent does not
herein. There are numerous permutations of the polymerization process and
variations in the polymerization components available to produce the desired
polymer attributes. In preferred embodiments, such polymers include
polyisobutylene homopolymers, isobutylene-isoprene (butyl rubber) copolymers,

isobutylene and para-methylstyrene copolymers, and star-branched butyl rubber

terpolymers.

[0038] Diluent means a diluting or dissolving agent. Diluent is
specifically defined to include chemicals that can act as solvents for the Lewis
Acid, other metal complexes, initiators, monomers or other additives. In the
practice of the invention, the diluent does not alter the general nature of the
components of the polymerization medium, i.e., the components of the catalyst

system, monomers, etc. However, it is recognized that interactions between the



react wth the catal yst system conponents, nononers,

etc. to any appreciable extent. Additionally, the term
wa@ledoa®ossso ncl udes mi xtures of at | east two or POI/ES2004/019994

di luents. [0039] A reactor is any container(s) in

whi ch a chem cal reaction octurs. [0040] Slurry refers

to a volunme of diluent conprising polyners or polyner

particles that have precipitated fromthe dil uent,

noiigeme asd reaothng roay etopst Iis petfemed dthkodimentsythe diluent does not

concent %%ion IS the vol une gercent of the partiall¥ bl

oFeAEL RN B | SHANYSE Y PP WP PERBEICLORESe §% A0 3HE APBESIaPIe

vekEie RAditibgals! W ¥rm[dRdA] infmdes RsktihRs @if At 1daberwe¥F more

nunbering scheme for the Periodic Table Goups are

udideensss in CHEM CAL AND ENG NEERI NG NEWS, 63(5), 27

(1985). [0042] Polynmer may be used to refer to

honopol ynmers, copol yners, interpolyners, terpolyners,

e{0039}-i kew erea@ofivRaY ¥omAInSHY) ifi Mhidh 4 chetnigdrda¥EON occurs.

conprising at |east two nononers, optionally with

ot her nononers. [0043] Wen a polyner is referred to

a risi , j '

SRIGALPT | o1 Bl THORTRS o ini®0 BOMRRueh cBBAGHE pdlyrhbS or
t pelyaher i pastidlese tHao rirave herecipniateed rrorh i the vdikent, winenomers, and a
catal yst co nents are descri.bed as conpri si .
nERIEpH SYER DI e thre éweeﬁﬁ?éwedﬁﬁt?n@e@? phieento g partially or
u e&ﬁﬁl%te@pﬁrgl%it%@ pélylerEhsbd o BR t8fal volmetofmesl&%i

c
formof 1 conponent is the formthat reacts w t he
nmononers to produce pol yners. [0044] |sobutyl ene-based

7 A SRR, e T X

I Qs akOuea s & €fiEMiIoxR NIEINdTARHRIGG NWW S SE6BTSY, DU W1983)S
on the sanme carbon.[0046] Multiolefin refers to any
nmononer havi ng two doubl e bonds. In a preferred

o ment . Calefin i .
tﬁgﬁg njugafégﬁgg&%%%q%ogés gﬁé gé isopﬁgggggﬁog%9Pj oS,
Eiraspolyerers) terpblysteesyetd. c Likemises b tcopolymas mayeaefango ei pplymer

refers .to any : :
comprising at least two monomers, optionally with other monomers.

[0043] When a polymer is referred to as comprising a monomer, the
monomer is present in the polymer in the polymerized form of the monomer or in
the derivative form the monomer. Likewise, when catalyst components are
described as comprising neutral stable forms of the components, it is well
understood by one skilled in the art, that the ionic form of the component is the

form that reacts with the monomers to produce polymers.

[0044] Isobutylene-based polymer refers to polymers comprising at least

80 mol % repeat units from isobutylene.

[0045] Isoolefin refers to any olefin monomer having two substitutions on

the same carbon.



pol ynmer or conposition of polyners consistent with the
ASTM DI 566 definition. The terns may be used

WO pdaoenessangeably with the term "rubber(s)”, asPOBE82004/019994
herein. [0048] A kyl refers to a paraffinic
hydr ocar bon group which may be derived from an al kane
by droppi ng one or nore hydrogens fromthe fornula,
such as, for exanple, a nmethyl group (CH3), or an

e{dud6] gr oup MubiSIEHR YefeRlt6 any @ABneAhyling 84€dsuble bands. In a
hydrocarbon %roup that forns_a ring structure

erEade rgmhodimertt, othe mitulteolefimpisu iy SppRMSE | cqrpprising  two
e henant hr ene,
%S@ﬂ'&%a‘%ed ASEENds E@cﬁﬁ%sh?d éﬁ%[ yp

cene, etc. ypl ca possess alternate
doubl e bondi ng ("unsaturatlon" within its structure.

Aﬂwg ﬁ gro |s t hus g@oup deri.ved frqg]an aromati c
Bhind by ELfSISERS 95 CENEMSFIC KOMBOHo- G5 4R et TS to any
f 35 e of MGHpGRtion’ S poPARER L:@nsd?é}ft’ Rith the rAS@@J’[ﬁ)l 68 Qefhition.
Substltuted refers to the repl acenent of | east one

hiftie sgen nyy depisby indtrchangeablp withbistm t"ué]btr(s)é,l asatsedtherein.
from for exanple, hal ogen (chlorine, brom ne,
fluorine, or iodine), amno, nitro, sulfoxy (sulfonate

ofocaisky! sulAfiienategdrs tbha Qiarafﬁllnky&ﬁd%&kbona%ﬂ)ubydlhm&)/may be
al kyl, straight or branched chain havin
cdeibed Gewran olfspashby EQRPRES oneephmore @vﬁwempfr@whe formula,

o Fhd B rar RN BB SR or by B0t et
carbon atons, and- |ncludes for exanple nmet hoxy,
T AR AT S

' %R&?Q&Erﬂti@@f’ar&%i@ &%ﬁ’pouﬂm&b{ l,9X¥r e)&%ﬁ{é ®¥¢Mzene, naphthalene,
nonyl oxy, and decyl oxy; hal oal kyl, whi nmeans

sphmagﬂmermr abﬂﬂmsh@detghand\ tmblkglly pas:smgallemane 2publar browling
at,ons_whj.c s ,subst | tuyted | east n
LR s A helhe & eBh B ARGk BbuRERRyd trom
f il afoamic Yy [pom&d@ﬁ&ﬁobying ode o hr OB dRygens Zro mwa such
2- quoroethy 3-chl oropropyl, 3- bronopropyl,

38, |forpapipphenyh- sHisobut yl . 4- | uor obut yl ,

di chl or onet hyl , di br ononet hyl , difluoronethyl,

di i odonet hyl , 2,2-dich|oroethy|, 2, 2- di brononet hyl
2[|@50] f | uor Sﬂbshiﬂltf:d Bf&s do thelreplaenepybf at least one hydrogen group

4V abept ¢ SNt <léclsd Bt RN, belogen (gidpetfybymine
fluorine, or iodine), amino, nitro, sulfoxy (sulfonate or alkyl sulfonate), thiol,
alkylthiol, and hydroxy; alkyl, straight or branched chain having 1 to 20 carbon
atoms which includes methyl, ethyl, propyl, tert-butyl, isopropyl, isobutyl, etc.;
alkoxy, straight or branched chain alkoxy having 1 to 20 carbon atoms, and
includes, for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy,
secondary butoxy, tertiary butoxy, pentyloxy, isopentyloxy, hexyloxy, heptryloxy,
octyloxy, nonyloxy, and decyloxy; haloalkyl, which means straight or branched
chain alkyl having 1 to 20 carbon atoms which is substituted by at least one
halogen, and includes, for example, chloromethyl, bromomethyl, fluoromethyl,
iodomethyl, 2-chloroethyl, 2-bromoethyl, 2-fluoroethyl, 3-chloropropyl, 3-
bromopropyl, 3-fluoropropyl, 4-chlorobutyl,  4-fluorobutyl, dichloromethyl,



trichloronmethyl, trifluoronethyl,
2,2,2-trifluoroethyl, 2,3,3-trifluoropropyl,

wd 2p/A0985¢ et r af | uor oet hyl, and PCT/US2004/019994
2,2,3,3-tetrafl uoropropyl. Thus, for exanple, a
"substituted styrenic unit" inhcludes
j 9- et hyl styrene,/?-ethyl styrene, etc. [0051] In one
enbodi nent, this invention relates to the use of
hditrehbmethgt,ar kvfifapmethyhl endiisdohethydr of2l 21dichloardiion s) 2,2-

wi .t h hydrocarbaon(s) and/ or_ch] arinated hydrqcarbon(s
télbﬁ?@a%fg‘y %§r<§ﬁ%?roetﬂmkr%g-vdfwlﬂwowpvbsgagﬁlﬁwoz)r8 W, 44
f Qphidi8butit, € » 430 3MBRIRENED MURIRbASHYL, | K€ 4,4 BFRuorobutyl,
sticky parficle$ in the reaction vessel "W th reduced

atihd@nmethyd t iflwsbmhethpk, t B 2vteiflwetoethylt o 2t trifluoropropyl,

o ar e RS2 v R S EBlar | st g example, a
| NYARERIA kbt @it Mchudes pafetdfisthvd Of-bHPKBEDe0.

di luent (s) or HFC diluent bl ends” wi th hydrocar bons
and/ or chlorinated hydrocarbon bl ends to polynerize

a pol y [ [ iLns w-th di S /.o

ANOEEyr 2ndt B SERRAEHS B Ao RbRRRS sHhere g use of
C hpdroyloerosarbbh(®) irgblehd arfit hydrofsbiceabdrgac wgth hoddocmBon(s)
Further, this jnvention relates to the use of . .

hyed/er shlempated Bukogbaninite 1odyee gipplyar shirgnulichyis igss prone
h : s [ h : .
oo AR 400 g o e s sy Y RS RIS E e [otion
pvestakcwith salkced adhemsmpe ko therveallsiaf hhesvagsel for eatltel syirring impeller

* RS el GRS, ol B nibels e iin Mg patgula, is
[ @BRATiod RelABEaADASH S drofludkSatydvieiitubRis) o8 IHHCE8ildedt blends

the di scovery of new polynerization systens using
divithe hydoemshensi andigr orioated dnsleesehons blemdede poilyrosiresand

-ShBTLPLs LT Pl MgbE BOPUBRANE! s A Wi
phbapslymeeduat . chaliymeasi nathi eignificahidyrsredsdedg rédeas e fouling.

di | uents are |l ess prone to fouling_due to ths )
adyribsre it inyentign rs@reyﬁ%ﬁhepl&rs 10?‘ Ey@gﬂwog%rgﬂn Eﬁwﬁ(%%dﬂuent
t B&infis %ﬁolﬁl&rb&gbd?ﬁ Q) of BRI dr AR Y dAGH AT Blendsto polyrgferize

addi ti on, Is Invention further relates to the use

t land @opolymerizs isonlefios yitr dicaes tn peylste nwofefin ¢dpelymers with
pgl%%ﬁ{cgltnll}p ped%}c:ec;1 rlegct}ornpolu‘Ia‘lﬁlg'I lagcli héhce Qrtlg ?’1'11}/ IR fr the reactors, as

compared to conventional systems.

[0052] In one embodiment, this invention relates to the discovery of new
polymerization systems using diluents containing hydrofluorocarbons. These
diluents effectively dissolve the selected catalyst system and monomers but are
relatively poor solvents for the polymer product. Polymerization systems using
these diluents are less prone to fouling due to the agglomeration 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



and copol yners at equivalent to or higher than to
t hose pol yneri zati ont enperatures using solely

wa@ kdoenoasst ed hydrocarbon dil uents such as net hpET/US2004/019994
chl oride. [0053] In another enbodinent, this invention
relates to the discovery of mpew pol ynerization systens
using fluorinated aliphatic hydrocarbons capabl e of
di ssol ving the catal yst system These pol ynerization
S Ve PR 6 Cuds Qo edhildrirtedk BYdioeaBbef diliefilsUsich as methyl
pol yneri zation and production of a polynmer slurry that
i shlogde prone to fouling, while permitting dissolution
of nononer, conononer and the comrercially preferred
al kyl al um num hal i de catal ysts. In addition, this
| (0038} i on f Wi bhGher @hBdRMeLt thifenkenBoRtelalee ¢ (i didevesy of
for the preparation of high nol ecul ar wei ght polyners
aRew dOPansrivaren systenyHERg gb‘pyn%tﬁql AHPhagis ltygfﬁféfb&tl&l carable of

as: r [ i ' I .
R A S S o
c fdrdsoodefin $106% $blynterigatioranat preduaivhadianriymett $liusy that is less
i nvention relates to the atati?n of isoolefinic

pre
thPé‘ﬁdP_ H\é‘frég’ dﬂalec%@ﬁg}ﬁ% diss lgg%@ Fqnemepecomonomer and the
PebMARIdiAR! | REehe@CAkPARMIIAGHT hethd QaRiyRduce (Ijﬁ h&idition, this

i sobutyl ene-isoprene Tormof butyl rubber an . .
i soleutign &mthep relhtey Ita ther wseeofcibpss gilments. foktthe preparation of high

articul arl the invention rel ates to net hod of
P Bl et i FreeTa PR oters, Arighst BoBurinish Egpragres
P@aé \eoRIphat ioOPOIQﬁ{éﬁQ.'&ﬁ)nU rsfnd Yisth@f oy amddr@ted . hydrocarbon
di | uents or bl ends of hydrofl uorocarbons, and

cHilenthach @s meddehlopdén dil uents, 1ike net hyl

chloride. [0055] In another enbodi nent, the

pol yneri zati on systens of the present invention

pj@sdiie f or Iicpaainyiier émbatimant, tlsomyamtidnedelateshiathengreparation
from4 to .7 carbon atons and para-al kyl styrene .
wsﬁd_ﬁ%l%f?m? MORPGIIATIE A0 COPLYBFISS & S ¥nigapabterisption
t R&cli SEREhPEY tof HBdSHSThE TidHuRdHESoFROTOHIRS Sbutyl rubber and
contai ning between about 80 and 99.5 w. % of t%e

i sobigldna-psalkyistasenic soprlyyikesn Memdapsuleckyntheinantion Selates to

d 2 . Y% of, the. - al kyl h .
odr ety ok Giiuhet PR 3o SHeditiife 1RGN n o stuny
epbgeiciRaion hEneser ,usiger gy dabfassrycaond| disldnts N&t ebleAdss of

hydrofluorocarbons, and chlorinated hydrocarbon diluents, like methyl chloride.

[0055] In another embodiment, the polymerization systems of the present
invention provide for copolymerizing an isomonoolefin having from 4 to 7 carbon
atoms and para-alkylstyrene monomers. In accordance with a preferred
embodiment of the invention, the system produces copolymers containing
between about 80 and 99.5 wt. % of the 1soolefin 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.



are being produced as well, the copolyners are
conpri sed between about 10 and 99.5 w. % of the

wo sweloefssn, or isobutyl ene, and about 0.5 and BOr/vE2008019994
of the para-al kyl styrene, such as
par a- net hyl styrene. [ 0056] I nl& preferred enbodi nent
this invention relates to a process to produce
pol ymers of cationically polynerizable nonomer(s)
conprising contacting, in a reactor, the nmononer(s), a
Lews s, acid, and ap initiator the presence of an
H?—@%i | uent 1he RICEH; eﬂnéttolﬁ‘f‘gé’&ftﬂ’éo‘ 1onqfedfes to a process to
pbﬂfd@ﬁ@bFMynﬂe@QPrcﬂtl@%ﬁMy P pelyaieAbable - mgm@f(sj O¥éthprising
preferab -30Q0C or |ower, preferably -400C or 1ower,
pﬁ@ftwtmgt yn ageRorpthe mpmeﬁﬁ)efaekwswmds@@d: agy initéakess in the

& Y r
DBl R Bl Y SEmn S R RPN o
plcﬁ»‘/@r @bféfalfly om°OO& Toovet, fReferabBz i306C o iloWer) braférably -40°C or
polynerlzatlon medi um such_as the dil uent and npno

mlwar prelogmEnsd & AnIgWeB | RREFably 957 1or Ve BFLeraply O C or
r OC E:l L3P Y ﬁ&h bfefér){ﬁlﬁle%qdn@ 184er, gagé/ferably -100°C or

noner t yneri zable”’
i hweart pmfr:ratny eﬁ‘o&n 108@ totimo freczsng paint détlmn;mlymenmtlen oﬁedlum,
ol efi ns £ efins, disubstituted ol efins,
|§Waéftb‘?@i et%?f} QRUBCTINEAEE non- conj ugat ed di enes,
styreni cs and/ or substituted styrenics and vi nyl
et hers. The styrenic may be substituted (on the ring)
wManomersandyolymessl | hal i de or al koxi de group.
Preferably, the nononer contains 2 to 20 carbon atonmns,
nore preferably 2 to 9, even nore preferably 3 to 9

cap(mmp at ompJoroxapPiviichahaypbebelvhrezed BY ithis sydieh Uadude any
yrene, para-al kyl styrene, paranethyl styrene,
alhiﬁ chfé@rhyporg)p}qreqhét 1sdipg]ymﬂr15%tﬂ§éﬁglg this invention. Preferred

di 'rdo%gﬁlr [390 Fﬁﬁldg CHeCHE mo&ec‘ gp lbtie)ﬂn'g n Qwhg 0 Q,y bishb Rl ED ®lefins,

tene, 2-nethyl-2-pentene, Isoprene,
b uﬂoah.‘:lﬁasgeqonjaxgated|dmtek|,yri0nl-qo&jttgatedcd1me,, stirepicr@nd/or substituted

; 6- f ul di ene, ) )
TSRS i et T, e may s e (o the ringy g an
Viakyl, a@y1h ﬁﬁlidea&dalk&&?@élgbdupwmﬂeréﬂ)h Qhe aftomRe coitkiBs 2 to 20

Nbnomner may al so be conbi nati ons of two or nore

meRbaR A msSmpre piegerahly Aktoch sueny merspistyatdy ddothecageagatgms.
ml%QQrﬂBfé of preferred olefins include styrene, para-alkylstyrene, para-
methylstyrene, alpha-methyl styrene, divinylbenzene, diisopropenylbenzene,
isobutylene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-pentene, isoprene,
butadiene, 2,3-dimethyl-1,3-butadiene, B-pinene, myrcene, 6,6-dimethyl-fulvene,
hexadiene, cyclopentadiene, piperylene, methyl vinyl ether, ethyl vinyl ether, and
isobutyl vinyl ether and the like. Monomer may also be combinations of two or
more monomers. Styrenic block copolymers may also be used a monomers.
Preferred block copolymers include copolymers of styrenics, such as styrene,
para-methylstyrene, alpha-methylstyrene, and C4 to Cs 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.



Preferred bl ock copol yners include copol yners of

styrenics, such as styrene, para-nethylstyrene,
w@b@haosset hyl styrene, and C to C3 diol efins, sPChUS®04/019994

i soprene, butadiene, and the like. Particularly

preferred nmononer conbinati ohs include 1) isobutyl ene

and para-nethyl styrene 2) isobutylene and i soprene,

as well as honopol ynmers of isobutyl ene.[0058]

Addi tionally, preferred nmononer s include those that

a tionical.l) nerjzahl e as descri
Ci\@sg iC Po%&ﬁ@%ﬁ g@’(’l)/o‘hre % dPPIPLCR dflr(i ¥9 ca{Plose that  are
| BMRIHQILY  pohR8QRAbIERNRIN bW ih &Varlont e PS5 INBNERIoNNGVOlefins, A

York 197 Monomer s i ncl ude aby nmononer that is
. chiritised clavqr»pormolJymhr Xepnedy, sWaley abntersgisecenoemeork 1975.

%noﬁ{e S 1ncR1%Q L& %}n%p h{ak f%&%o&c&l?%b&?m%{izable such as those

propagati ng Pecause

eheebmers @L@n@eldagatgé o8 ptabifiaingaa datichi breprogagutivig s:emrar bécause
cationic catal ysis please see Cationic Polynerization
othegmanomer cqsetam an glertrom JeRating erour s &ph a iistned iscussion of

Wclltﬁ%uc! GG Sﬁfs’ %[E%?e sw\’t‘ YRk ¥ a)57er 2995’9]0(: bﬁeﬁp ngn?,frﬁtcal

ynerrz on nedi
arzbmemtory, &Ing:rph g(eﬁmed'gr Wﬁlle/yt Bierseidhe New ok 1 Bise
embodi ment, alternatively 60 w%to 0.1 w%
alternatively from40 wt%to 0.2 w% alternatively 30

t Qog%op Wt % Tak trrﬁfn’aﬁfeksvrﬁ!a)y b Pkt iR tH polyhdzation medium in an

alternatively and from 15 %to 1 W%’ n anot her
emuntn@ngmg [foos0p WetePlddwiieliy wae snibedimane alternatively 60

JO{% o T&F 3/o Oflt N & A4S 4FP0RIRE D J [ HredrRadt \J?:ﬁy 30 t0 0.5
| on. e85 mers. incl ude

onopol’y
P @h% aﬂé}H&tWe%ﬂﬁ)wﬂ%) typ8 rva%reltbmhﬁwy ah® frofol Y WBR RS ¢nNet% in
pol ystyrene, pol yal pha-net hyl styrene, polyvinyl ethers
( suetherzanbodigertt hyl vi nyl et her, pol yet hyl vi nyl et her).
[0061] Preferred polyners also include copol yners of
1) isobutylene and an al kyl styrene; and 2) isobutyl ene
af@d6oopren @ref@@ﬂﬁﬂ}lymnrsdnGu@rﬁmdd)pcrkymefs of yhy phthy mememers

ﬁ{hgtte 18 pﬁ’;ﬁ?%‘?b alg’gflﬂpq?ﬁf? jlr(r%??%gg'n&rg )gléﬂgf eppEusobutylene
MPORPRG-RERPSHEHe, SPERisBrehs 0ol RRReNd, t holydlphd-methylstyrene,

mul tiolefin, or conjugated I ene nononer
polyvinyl ethers (such as polymethylvinylether, polyethylvinylether).

[0061] Preferred polymers also include copolymers of 1) isobutylene and

an alkylstyrene; and 2) isobutylene and isoprene.

[0062] In one embodiment butyl polymers are prepared by reacting a
comonomer mixture, the mixture having at least (1) a C4 to Cs isoolefin monomer
component such as isobutene with (2) a multiolefin, or conjugated diene monomer
component. The isoolefin is in a range from 70 to 99.5 wt% by weight of the total
comonomer mixture in one embodiment, 85 to 99.5 wt% in another embodiment.
In yet another embodiment the isoolefin is in the range of 92 to 99.5 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



conponent. The isoolefinis in a range from70 to 99.5

wt % by wei ght of the total conononer m xture in one
wendsodossent, 85 to 99.5 wt % i n anot her enbodi NBEIt/US1004/019994

yet anot her enbodi ment the isoolefin is in the range

of 92 to 99.5 wt% The conjugated di ene conponent in

one enbodinent is present in the conononmer m xture

from30 to 0.5 w% in one enbodi nent, and from 15 to

0 afothér%embadigeher Ieikodhomet embodiyeht, afich &ro 0.5 wt% of the

enbodi nent, from8 to 0@? wt % of the conpnoner m xture

i SOMBRIMTANEuIgiie AR ugaied digne.o 168 q4st80¢®¥SH°1ﬁﬁ9 Y Rfene or

0 WEFls%uté&oé%ﬁﬂg lbguﬂgﬁé I'ﬁyllne'{}j)yp Wb%féﬁn Wlbutene, and

1-but ene ut ené yl'-I-pentene.

THemethylt 1-péreénen Tta:mnblﬂotef i@4nayobeCh €4 c@Oj upajuedtedidéene such as

such as isapt.ene, t,adi ene, . .

> 1S8PP e PYRIERSS. Rt At 1ibpierlisne, ?fﬂf@@ﬁe myrcgne,  6.6-

dldﬂﬁétﬂ)?ﬂ'-ﬁlf\}éhé’%ad@%%%l%?@nta(ﬁé’r@ m?l adil&iae @x‘%jembodlment

pi peryl ene. Cne enbodi rent of the bu yl “rubber po

obf thcebutmk/mbbmopplmebbf aienl@dertsgﬂnrleaxbtamﬂjl 16 reagtigg 8 to 99 5

0/9 ?f 153@23% 2 %tiyﬁr% gtﬁl%\?&.’iof % 9&%/ wt%

g4 1\%0% 13 Bt u‘tsoﬁ’rgne N

Oi%bwy%nbsﬁiﬂf £10ewi%n tyy 015 @f‘?ﬁtlhﬁﬁer&nihw aBdther difBodiment. The
followﬁn% table illustrates how t he aboge r ef erenced
wiolbawipg, fablp Blusikaipe el dhesaboysiroterenced wh % wouldobg §Hpegssed as
ram%st

- isoprene [0063] This invention further
any conbi nation of the nononers |isted above.

o terpolynmers and tetrapol yners conpri sing
Pr ef

mers and tet

pol y
di vi

erred terpol
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nylhen79np

NOmbBAPLEY | &
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newti%squsene

rlqing Lsabil

ro—oro

arMol % IC5

yl ene

par 3
i sop

- al kyhbgtyrene
rene, polyner

(prqﬁgrably
S _conprisind

par angt hyl
cvcl opent ad

5tyreng) and
ene,

i sob
par 3

utyl ege, and
net hyl styrepe

par a st
he) , gZ?yners

yrene
of isobutyl

prefef

Ene

cycl
cycl

opent giene
opent adi ene,

and |?§ rene,

polyq§rs co

Tpriskﬁg

cycl
par g

opent@glene,
met hyl’styren

sobu ene,

e and”’tycl ops

pri si

and
g |sob
ntad| e.

Jtyle2$g

99.5

pol 'y S con
99.6

eMs a
26.1

a. IC4 - isobutylene
b. ICS - isoprene

[0063]

comprising any combination of the monomers listed above. Preferred terpolymers

This invention further relates to terpolymers and tetrapolymers
and tetrapolymers include polymers comprising isobutylene, isoprene and
divinylbenzene, polymers comprising isobutylene, para-alkylstyrene (preferably
paramethyl styrene) and isoprene, polymers comprising cyclopentadiene,
isobutylene, and paraalkyl styrene (preferably paramethyl styrene), polymers of

isobutylene cyclopentadiene and isoprene, polyfners comprising cyclopentadiene,



[0064] The Lewis acid (also referred to as the
co-initiator or catalyst) may be any Lew s acid based
worooambese from G oup 4, 5, 13, 14 and 15 of tPET/US2004/019994
Periodic Table of the Elenents, including boron,
alum num gallium indium titanium zirconium tin
vanadi um arsenic, antinony, and bisnmuth. One skilled
inthe art will recognize that sone el enments are
b&bbetylen) taad mathyhecypiopehtadengf pblymeruohipridihg lsobotykene,
enbodi nent, the netals are alum num boron and
tPPBHWGh#“W%@?@QﬂQMﬂQR9W?%@P%g desirable. Illustrative
exanpl es include AIC 3, (alkyl)A d2, (C2Hs)2A C and
(C2Hs) 3AI 2C1 3, BF3, Snd 4, Tid 4. [0065] Additionally,
Léwvss aed ds may be any of those useful in cationic
pol yneri zati on of isobutylene copol yners i ncl uding:
alumnumtrichloride, alumnumtribrom de,

efdusup! um noRe deGiN L4d Oso el ad USHRWHLinitiator or catalyst) may
sesqui chl oride, diethylalum num chloride

mbe AyY bEwisi agishbaged pin meitailefromeﬂﬁmp CT K dfhand 15 of the Periodic
i ﬁsﬁl'lél ocfh rlﬂblelgllb{rtg%{%m i)(lil Inggllmqr I 91?111 é)lum titanium,

UOfI rac

etiydnh Mifuemadichl arfsesle, mﬂmtyhyﬁdabmmﬂu none skilled in the art
sequ|chIor|de belng preferred [.0066] Lew s aci ds

ek repognige Hipf sarmelsmeals are atly suited 18 fredirasticg of the invention.
?&%;?gb%ﬂgﬁt%/ t}f%qgétgl's QEF{ élﬂ%n{'tﬁ‘(\” b%r(ﬂf:éﬂéisu fﬁiﬁﬁl Qﬁth aluminum
ewms acids wt

are also suita
c being xdesiodbld. héllustraend examplpO 0ETldeAsl@Une(aldyl)AIlEH, ((E]szhAlCl

el HonE IR R TS o ovi ded for 0

illustration. For a nore information regarding Lew s
acids in polynerization processes, see, for exanple,
| MGSShat | ona\rddAwppllx:dtervm apjds maydw wsogf ieseysefuibiin cationic

PCT/ US0.3/ 4034 I f
RPamRRae B LPht AR o oPehlgfleCh Ml lsPirice

ohlupdhing tﬁl@ﬂiﬁhlﬁ&ﬁ,eﬁh}'lﬁluﬁllﬁmtcﬁ&ﬂl@rldﬂﬂ Ieugmarummdm tsébe{ulchlorlde
chosen Lewis acid to yield a conplex which rapid

r digthdalgingyim hchigride; n nrqfr@r alyymen ni dighlarigs :op@@ﬁlﬁq&gmnum
pol Uﬁmo%ﬁ@,;g dirhdth{afubfthdn(® GGTR, ©pdrBif! UARUEHAL! Sftanium

acl ds sucC
tetrachloride, etc. with ethylaluminum dichloride and ethylaluminum

sesquichloride being preferred.

[0066] Lewis acids such as methylaluminoxane (MAQO) and specifically
designed weakly coordinating Lewis acids such as B(C¢Fs); are also suitable

Lewis acids within the context of the invention.

[0067] As one skilled in the art will recognize 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.



HO HA, RCOOH (wherein Ris an al kyl group), and
al kyl halides, such as (CH3)3CCl, C6H5C(CH3)2C 1 and

W@ 2006H00360- 2, 4, 4-tri nmet hyl pentane). More recenPdHUS2004/019994
transition netal conplexes, such as netal |ocenes and
other such materials that capg act as single site
catal yst systens, such as when activated wi th weakly
coordinating Lewis acids or Lewis acid salts have been
Ugfiflahp i nNitiate isobutylene polynerization. [0069] In
an enbodlnent the initiator conprises one or nore of
a hydrogen hallde a carboxyllc acid, a carboxylic

aci alide, .a sulfoni,.c. a . an.alcoh |, a phenol,. .
PRdsle ) o kytari bR in® s i RO AR R afAgES pidh are

t @iﬂa'bﬁ:r of @éd@’ 'coﬁ?lte%d 1rﬁa ts@ftdHI@ Mudh 3likY the€HoSEn Léwis acid to

tertiary al a tertiary aral kyl ether, alkyl

haleldea Campllemad’hlde raaxldloyugao;q with ithe, olefin thereby formlng a

Pt TRt B SERE GRmeR T Bl e o0 Bl s

| Bl,0I &I@lr R@OG)H mier@%hamhm \atkyd oy, @IlidJ‘d]kQB(ﬂlaﬁst such as
i|lustration. nore information regardi

. (EHaE6k ( QeHﬁﬂ(%)gﬁire rang aﬂ?&dﬂlgpé’c‘béélé@et@h:@ntm@} More

n c 0 us3/ 0
%@‘@g/ ? %%%8 E'éxgﬁﬁg gu ofggga gl‘ri:e;ta] 6% P! AR Juch
I—tyldat@fallma@mrdcomsssmgle site ebatyabbystensse ducﬂsasdwhelea[UIwaﬂed with
t he resen i nventi.o alone ar in c ion with
obfeak 1y HRPQFRA S 6148 BrLS aBRITHA CRER D Hesgy Rpitiote
d“05@§kﬁepgg%“9&&ﬂ9§es of this invention and the
claimé theréeto, hydrofluorocarbons ("HFC s" or "HFC")

are defined to be saturated or unsaturated conpounds

CROBOT henS B o Bhdtnedl e SPRSE S o amgre of

on§dﬂa]g@h" pgleR, andrbkylieasit, ererbokys hdi@ halige, B Qﬂﬁiﬁto aCId an
0072] In_certain _enbodinents, the diluent conpri

hy@pb@lt adherdds biswdary aled dahde@ Bifiapharafigl halde, aGﬁWBZ alkyl
i § Tk,
SEEEcH gl GR!0y 1Y Bl ey
ahtleden atyl Wigide, flkplaryl hhbdel@r aldleylmad haledley from 1 to 6,
alternatively from2 to 20 alternatively from3 to 10,
[0070] As one skilled in the art will recognize the aforementioned listing
of initiator(s) is not exhaustive and is provided for illustration. For a more
information regarding initiator(s) in polymerization processes, see, for example,

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

[0071] Hydrofluorocarbons are preferably used as diluents in the present
invention, alone or in combination with other hydrofluorocarbons or in
combination with other diluents. For purposes of this invention and the claims
thereto, hydrofluorocarbons ("HFC's" or "HFC") are defined to be saturated or

unsaturated compounds consisting essentially of hydrogen, carbon and fluorine,



alternatively from3 to 6, nost preferably from1l to
3, whereiny and z are integers and at |east one.
WO 08899550 | ustrati ve exanpl es include fl uor omerdENE2004/019994
di f 1 uoronmet hane; trifluoromethane; fluoroethane;
1, 1-di fl uor oet hane; 1, 2-difl dbroethane; 1,1, 1-
trifluoroethane; 1,1,2-trifluoroethane;
1,1,1, 2-tetrafl uoroethane; 1,1,2,2- tetrafluoroethane;
1p1pV1dezl thatrs deast PrfoPABOIN Ak deast ond lywtreganognalnad; least one fluorine
flu propane; 1, 1-di fl uor opr opane;
a]fpd‘g)%eﬁuoropropane; 1, 3-di fl uor opr opane; 2, 2-
di fl uoropropane; 1,1,1-trifl uoropropane;
1,1, 2-trifluoropropane; 1,1,3- trifluoropropane;
102 Bltrifl %F@E%slah@dlmfn@ §let44*%%%@{#5@9gﬁ@oﬂuorocarbons
raf | r
ik IR AR CORTE et oy B sE o 1 o 40
1a]1¢rﬁatﬁveﬂ)efrbmf1 to3Qpltepatiegly from 1 to 20 alternatively from 1 to 10,
rafhuoro

1 erQatgveﬁy:%pglr 480 B Blglap%ely fro:[n ¢ to 20 alternatively from 3 to 10,

glt&nmﬁfrblﬂqt‘%m %Rﬁf‘ﬁreféa@y %om 1 to 3, wherein y and z are integers
, 2, 3-pentaf luoropropane; 1,1 ,1,3, 3-

pemidﬂbmmommropane 1,1 , 2,2, 3-pentaf | uor opr opane;
1,1,2,3,3-pentaf|uoropropane; 1, 1,

1, 2, 2, 3- hexaf | uoropropane; 1,

1{0073] 3, 3- heixatrhtiey CEB(&Q)@&@G includt flubremethdahre; difluoromethane;
hexaf uoropropane 1,1,2,2, 3, 3- heptafluoropro ane;

1 trifluoromethane; H@@P@ﬁl‘%oﬂdp‘i"@ﬁa’iﬁ’éthaleaf Hefofilygtogtane; 1,1,1-

ditr}i{ld{)%é? 4 ane'1,112-§r_%lﬂc]{r{)é{9£r%bm 6lnlel 2]tel‘?aﬂuoroethane 1,1,2,2-

uor obut an or obut ané
1 tetraflubioathiand U, h,ﬂlé 2- ﬁerﬂaﬂildrd)elhmmb l]ltfhmeopr&p&e; 2-fluoropropane;
dlflégrobutane % |quorobutanﬁ : _
BPTOPIARBRS but 2@ EHOTOBIOPRY | of osdiflupRopropane;  2,2-

1dilmfa>r6prrb;§4neor ohut Mﬁ‘ﬂuélroé o%aﬁer i f1 yarokfudRfPropane;  1,1,3-

3-trifluorobdt’ane: trlfluorobutane
ztmﬂlsnroprppan@or oti@t,%rtreﬂuoxomonar@, t etl i2a3- lrubmmmm, 1,1,1,2-

1 3- tetraflu 4- tetr
1 ,te%fa%}lﬁrp? eP3%1 uor b B u?geﬁ%%ufgdf %?Jag S tett g% :Z LUOT gﬁl%% r(gpane
1 lﬂ,,234etfa¢hbﬁfpkdpahebul 3etetrafldordpdphet; 1 2 3aétedililoddpeopane;

- tetrafluorobutane 1,1,4, 4-tetrafl uorobut ane;
1 121 bié -ReBiafPTORENEBRIL ane: 111 2, 2PNiatluorenieRasst obut keds3-3-

p%ﬂ%ﬂ%brt)lgr%?ﬁ{ l uof{ QQU.'; aﬂ%o:r%r%péhef qt, f,@,%b%n@emﬁto%b%pane,

Fuorobut ne;
, 2,121, p2rs-fxaflosropropams;  11,1,112,3,2;18xpimtregropareobut hhé;3,3,3-

entafluor

BSTBRPAIRT obut anbl 2o a HeBaHUOBRPART uor oburh: -
1hépt&ﬂu(ﬁoﬂrbﬁﬁ{ét af IfiersatneN€2-fluorobutane; 1,1-difluorobutane; 1,2-
1,1, 2,2, -pentafluorobutane

dlﬂuorobutane 1,3-difluorobutane; 1,4-difluorobutane; 2,2-difluorobutane; 2,3-

difluorobutane; 1,1,1-trifluorobutane; 1,1,2-trifluorobutane; 1,1,3-trifluorobutane;

1,1,4-trifluorobutane; 1,2,2-trifluorobutane; 1,2,3-trifluorobutane; 1,3,3-

trifluorobutane;  2,2,3-trifluorobutane; 1,1,1,2-tetrafluorobutane; 1,1,1,3-

tetrafluorobutane; 1,1,1,4-tetrafluorobutane; 1,1,2,2-tetrafluorobutane; 1,1,2,3-

tetrafluorobutane; 1,1,2 4-tetrafluorobutane; 1,1,3,3-tetrafluorobutane; 1,1,3,4-

tetrafluorobutane; 1,1,4,4-tetrafluorobutane; 1,2,2 3-tetrafluorobutane; 1,2,2.4-

tetrafluorobutane; 1,2,3,3-tetrafluorobutane; 1,2,3,4-tetrafluorobutane; 2,2,3,3-



1,1, 2,2, 4-pentafl uorobut ane;

1,1, 2,3, 3-pentafl uorobutane; 1,1, 2,4, 4-
w@eanbaédssior obut ane; 1, 1, 3, 3, 4- pent af | uor obut aPET/US2004/019994
1, 2,2, 3, 3-pent af | uor obut ane;

1, 2,2, 3, 4-pent af | uor obut ane; 20, 1,

1, 2,2, 3-hexaf | uorobutane; 1, 1, 1, 2,2, 4-

hexaf | uorobutane; 1,1,1 , 2, 3, 3-hexafl uorobutane, 1,1,1

, retflnotebrané;uor h b tm}eentaﬂmrgbutane; 1,1,1,2,3-pentafluorobutane;

él_r%éggﬁa@hgg%ﬂggtane Li éﬁﬁp%nﬂﬁg§§?ﬁﬂ5iobutahéJ434'

1pantiﬂud}oléluténeh exafil Mmqiaﬂttaﬂn@mbutane 1,1,2,2,3-pentafluorobutane;
1,1 3- hexaf | uor obut ane:

1 14 ,,232 g H;nt@.ﬂﬁgg@gmag@r obut dnb2.3 3-pentaﬂuorobutane 1,1,2,4,4-

exaf | .
hgx 3?%g§%4m§3neﬁ199%22%§a§ﬁ%o§g%3 Iuofd% 3&%@?ﬂumomnmw’
112,23 3;p2néilnescdiifater obutlang,2,213-hdxafluorobutane; 1,1,1,2,2.4-

-h fl
Ee@%‘& eg;?\ Ildg]g%ggut agﬁuqfofg_utaq_e 2 b1.3.23.4-hexafluorobutane;
hemt ﬁi hwq;&aﬂaa%utmﬂfe 1,1,213,334 H&Qﬂ&frlmg&but angi,1,3,4,4-

- hept af’l | uor obuf ane:
hg:xaﬂauotbbh@pt:,af ﬂ;]dr,@b,&t}wxeﬂuc&pb_utands 31 1 2.243,3-hexafluorobutane;

PSR 2S OO AR e ) 22 B QSRS 0P 9815 4.
» Bexhffiofsbugikuol leﬁ @ﬂ%ex&ﬂdorébutgnez 4, 4243 4-hexafluorobutane;

octafluorobutane 1 1, octafluorobutane

114,12, 2;3,,32ht3)taf@040mnan¢ondfl|,h%ﬂdb%mt@ﬂuorollutane 1,1,1,2,2,3,4-
onafl u

1?1?1$t6%?0§9§1t%1e6{)h I g,gﬁ?‘ﬁ §,qgheptaﬂuorobutane, 1,1,1,2,3,4,4-

1h&ptdﬂ1ﬁdrdblrtme2 rret hyl pricénd:-heptafluorobutane; 1,1,1,3,3,4,4-

fluoro- neth pr.o e -trifluoro-2-
né?mﬁwe‘w% %» 1t P e Pl BCtQﬁH%rPhVF“Eﬁ;opane;1’1’152=2’3’4’4'
| oBrafliblob@ais; 2- (f|1UP'iQf$§§ Ayl ao@a(f%%lﬁnan% 1.1 11,122,444

, 3-tetrafluoro-2-nmet'hyl propane; 1,1,3
@cttaﬁucprabllltam;o 2-  hatldB Briopactefluorobutane; 1,1,1,2 2,3,3,4,4-

é)?lcltt;éllﬁ%g{)?ézlzﬁ 54}3{3{731118}1%%%%@&& nel ﬂudro 2 -methylpropane;

1 ]lr@'liﬂaoﬁoel frtdylopand; (1 Sunnesmthplelyi@opne; L1l -tifluoro-2-
3-tetrafl uoro-2- Sfluoronethyl)gropane

f medpderppasbut ane; 14, 3tudlucrardmettydpopatcine; 1, 4.3-difluoro-2-
d '(q&d%QﬁlQﬁ%ﬁhx%P rf Iq élbg‘-*te?lra(?l'uglo ngeffléfﬁf)r%B&He? i) ﬁ ;,3 ,3-tetrafluoro-2-

tri ocyc ut ane;

t meftliy]:propmec [ 1ok BHt dfesro-L-@udrdnidthy y@omy s 11 dbL8 dnentafluoro-2-
tetri | .uorocycl obu

1n§f: }yl@roP@}er shedi@ Bprgb%itﬁfpéomethyl)propane' 1,1,1,3-tetrafluoro-2-
1(fuctordetdy Bﬁl%béﬁé UOTRI%Y&BISIBHIE@&E L, Ld#hdrotyclobutane;  1,2-

pentafluorocyclo ut ane;
1dnﬂt®r®y3103uthaccamt;bﬂmcymame 1, 1.2riflydto@clobutane; 1,1,3-
eX fluor

SRR A eyt b23-grocsciobun

1 ,1,3,3-tetrafluorocyclobutane; 1,1,2,2,3-pentafluorocyclobutane; 1,1,2,3,3-
pentafluorocyclobutane; 1,1,2,2,3,3-hexafluorocyclobutane; 1,1,2,2,3,4-
hexafluorocyclobutane; 1,1,2,3,3,4-hexafluorocyclobutane; 1,1,2,2,3,3,4-
heptafluorocyclobutane; and mixtures thereof and including mixtures of

unsaturated HFC's described below. Particularly preferred HFC's include



hept af | uor ocycl obut ane; and m xtures thereof and

i ncl udi ng m xtures of unsaturated HFC s descri bed
wedoemoosRarticul arly preferred HFC s PCT/US2004/019994

i ncl udedi fl uor onmet hane, trifl uoronethane,

1, 1-di fl uoroet hane, 1,1, 1- t&lfluoroethane,

fluoronethane, and 1,1, 1, 2-tetrafl uoroethane. [0074]

Illustrative exanples of unsaturated

hiftustéraethaear ishoramehange 14l rjfludrpetbaniede],1,1-  trifluoroethane,

1,.1-difluoroet <di fl yor oet hene;

1 poromethane, aid hlem@ gtra Juorpst opr opene,
1, 1-di fl uoropropene; 1, 2-difluoropropene;

1, 3-di fl uoropropene; 2, 3-dif]| uoropropene;
318074 £ | uor SibesBBYR examples afr wrsaiyert rlwémfblor@amoas include
t open I e
APPSRl ADLARGIBLARROC 2 oo 1-

me&)ptd}jehé udr kgiflupsspeopehe:l | Iy didlordpidgene; 1,3- dlﬂuoropropene;
2-fluqro-1-butene;  3-..fl uoro-1-butene;
4263 @:'glflerqprqma@ne % dig'lacrrm?rea?r@: | - tut-grtgifluoropropene; 1,13

tl%ﬂlﬁjdr{)}:)&lgérfé | - byﬁgr}ﬁﬂu&pog ogk%n% uor R DRMIforopropene;  2,3,3-

4-di ro-| - butene; uor o- I-buten
2 tdfhahirbproperne; B33 -ombyor&rapahief I tfbrone-1 -tntenen - fluoro-1 -butene; 3-

t3 ,ﬂiélllf)fjolu -:bgtoeg}g,b 'tf@ﬂ p%hT %,41 S cH]uor gl-# tht elng dlfil'dord % butene;

11k- &mbto?vkdﬁéﬁ@ ] 4@&&1&)‘9&1 -butehe32, 3td1ﬂﬁ61‘éof-9uténé3tﬁfﬁﬂﬂluoro 1-
1, 2 A4-trifluoro-I -butene 1, 3, 3-trifluoro-I- butene

1 batene; 3.3difiugse-d-butenat 2Aedifluora-14bytene; Bifodifupronl baisae; 1,1,2-
2, 323-11i ro- s thiyf e; )
2 ng RO UG B, Tt UG 12
3 tﬂﬂdorotlplbdténeor ol,24htiflao®: I-Huténék t 1j3{3-triftuord-1 Huitemoe; 1,3,4-
1,1,.2, 3- tetrafluoro | -.but en trafluoro-

1 1ilwdsped -bufeng; 3. b4f1etf1ﬂaf>lloub§6ten% bét?’éngl uoro-1-butene;  2,3,4-

’tr]rﬂ@bré it ﬁ}t&ﬁf | upk Q-rikubit PB@tené- 3,3,4-trifluoro-1-butene;  3,4,4-
1,4, 4-tetrafl toro-1-butene/ 1,2,°3,3"fetrafl uoro-

uxmﬁmne-l -lytene3, %ﬂémﬂmrbuebujene | h2|,t36n@gaﬂuoro 1-butene; 1,1,2,4-

1, quo ene;

1 Grahigict EhEpee o D3-S 1buent: 4 1 Ladrerligres ! puene:
- hut £88¢trafludrdti duteatby af baoy @trhﬂu&dileﬂtﬁene 1,2,3.4-tetrafluoro-1-

2, 3 3 A-tetrafl uoro-1 -butene 4, 4- tetrafl uoro-

lbute@ﬁae 152 A Aeue Ao ATIReO. | 1,3t tanuoro | butenes . 1,3,4.4-

aq'luérot ﬁto&%gl: uogg 4 4b @oro:gl l?htélrb‘} e aftletgﬁgﬂéé Jl -butene;

-bu ene; pén uoro ateng;’ 1
pert 4 #tereafmorak1 butenage ; 2 4,4;14, @trdfldorpenbuitéhey 038, 4,4-tetrafluoro-1-
1- but ene; nt af | u

1 bytege;y 34, %g#@é@ff@g«i-@- utens; ¢ gﬁ]gz ,?;L-i)el?tgﬁl?or}g-;l-butene' 1,1,2,3,4-
gémﬁﬂd@ré 19&5{&?6‘ | upy 84! 4-pBHERRRo-1Ibider; 3:141,3,3.4-pentafluoro-1-

ntafl uoro-1 -buténe’’ 1,2, 3, 4, 4-pent af | | ubro- ]
ﬂvuteen,el 18 ‘244¢maﬂuqiefit nfteneorlol, # Bidt ameafluoro-1-butene; 1,2,3,3,4-

pentafluoro-1-butene; 1,2,3,4,4-pentafluoro-1-butene; 1,2,4,4,4-pentafluoro-1-
butene; 2,3,3,4,4-pentafluoro-1-butene; 2,3,4,4,4-pentafluoro-1-butene; 3,3,4,4,4-
pentafluoro-1-butene; 1,1,2,3,3,4-hexafluoro-1-butene; 1,1,2,3,4,4-hexafluoro-1-
butene; 1,1,2,4,4 4-hexafluoro-1-butene; 1,2,3,3,4,4-hexafluoro-1-butene;
1,2,3,4,4,4-hexafluoro-1-butene; 2,3,3,4,4,4-hexafluoro-1-butene; 1,1,2,3,3,4,4-
heptafluoro-1-butene; 1,1,2,3,4,4,4-heptafluoro-1-butene; 1,1,3,3,4,4,4-
heptafluoro-1-butene; 1,2,3,3,4,4,4-heptafluoro-1-butene; 1-fluoro-2-butene; 2-



,3,3,4,4-pentaf l uoro-1 -butene;
,3,4,4,4-pentafl uoro-1 -butene; 3,3,4,4,4-
eovb@bdsemr o- 1 - butene; 1,1, 2, 3, 3, 4- hexaf | uor oP¢T/US2004/019994
butene; 1,1, 2,3, 4, 4- hexafl uor o-1 but ene;
,1,2,4,4, 4- hexaf l uoro-1 -bu?kene;
,2,3,3,4, 4- hexaf | uor o-1 - but ene;

3, 4, 4, 4- hexaf | uor o-1 - but ene;

NRRR '8N

) 2!
flgor®-Abutede; hdx bl flvora2tbutane e nb 2-difluorg-23b@ent; 4-1,3-difluoro-2-
hept afl uoro-1 -butene; 1.1, 2.3 4 4- hept af 0- | .
e 4 diTorg e, * itz buttpbTph B0 2-butene;
11 3, Budhdrét24ubep! afil 3eiMoko-Duene; 111;4-tifido2-thikmeena;2,3-
2-ffuoro-2-butene; [ ,1-difluoro-2-butene;

| triflugre-P chawenep 1 Rid-gifbuore-2ghuggre; ||ehs b2 getraf{noggre-butene; 1,1,1,3-

1, 4-di - 2- but eng: - di HLur 0- 2- But £Re; .. .

fafllprbrpfiege; 0ot ERRiseatficlh Dttt T £9Setatuoro:2-butene;

| 1)1,24tatiafluo@eDbidtchett EPG;4-tetrhfldbro2-huteray; d;121,DBtmnerfluoro-2-

1,2,3- trifl - 2- : “tri - 2- :

| bien: oL | 4 prnre a1 1 dpeatatiuoro--bitenss T1.1.4.4-

t HO%gerRyt QNED 3 M-dentaflutbrd-8bufdnk Y 0N O, 24 AYSeRBBuoro-2-

1?%1?%?1%(}_1‘?3?.}%?#%00%_,2{ bu}geene; ! el 0242 Horo

1pdtefe;4- t dt ¥, &2]3bhexalubie-2-bhatene; 1,1,1,2,4,4-hexafluoro-2-butene;

1%ﬁélf%g%%%%ﬁ%#rg%gﬁt%%ﬁ?gtngTﬁ;,4,1',431’6)]{aﬂu0r0-2-butene; 1,1,2,3,4,4-

| héxdfludrd2-paRrhaf | uorgt, 2,234 8eptafluoro-2-butene; 1,1,1,2,4,4 4-
,I,1,3,4-pentafluoro-2-butene; 1,1,1,4,4-

pbentafivarerdensy aad enixuras, thegof apd indpding rpixpurpy o€ seturated

1 4+ uoro-2- butene; 1,1,1

, 2, ,4ﬁﬁg¥%§F%§§%-2-butene; 1,1,1

, 2,4, 4- hexafl uoro-2-butene; 1,1,1

, 3.4, 4- hexaf | uor o- 2- but ene; 1,%,1 ; .

, hQOZ,Sh_ hexaf? 5o _ele_bB frg:ﬁé; thf, 1,112113, gpmprises non-perfluorinated

h@&g&ﬁh‘&% Op-t #‘t(ﬁﬂféht ks Ta Thon-perfluorinated_ diluent.  Perfluorinated

,2,3,4,4-heptatl uoro-2-butene; 1,1,1 ,2,4,4,4-

hepnpdunds bemg-thosearvoipoands eringisting of cdrboreafid Hnerine. However,

R e A R A e L
NeSmPAsd periidriRtedd ot RHIRAY Qﬁ@feﬁblei, iR d@tdlysenhondinet, and diluent
non-perfluorinated diluent. Perf]luorinated conpounds

bereriyesenbien slogisiatsorcba gfosemertiioped eemp@tentirage miscible with
f !tljféotfiit.{égt as'ﬂ%g\@r}ﬁ%a in %T}%P gétg? 'Bel%w? qg' WGk exﬂ‘r?c?d?m%ﬁt,ethe blend
di l'uent conprises a end, tRe bl end nmay conprise

peialyl dlar coraprisd chiorpfundcarpoaf @FdR)y or tHose campbysls consisting

nmonomner.,, and .diluent are present in a single phase or
tﬁ@dgg%W%%@ﬁPP%ﬁB ‘@8APonents are miscible with the

di l uent as described in further detail below In

anot her enbodi nent, the blend may al so conpri se

ci0056bf | uor b anvtbers enBpdisient, owharh bigher ovepght raysrage molecular

C(\)V%igih%st I(I\r)I%) (typically greater than 10,000 Mw, preferably more than 50,000
Mw, more preferably more than 100,000 Mw) are desired, suitable diluents
include hydrofluorocarbons with a dielectric constant of greater than 10 at -85°C,
preferably greater than 15, more preferably greater than 20, more preferably
greater than 25, more preferably 40 or more. In embodiments where lower
molecular weights (typically lower than 10,000 Mw, preferably less than 5,000

Mw, more preferably less than 3,000 Mw) are desired the dielectric constant may



of chlorine, fluorine, and carbon. [0076] In another

enbodi nent, when hi gher wei ght average nol ecul ar
wowrioghtssqd Myv) (typically greater than 10, 000 MMT/US2004/019994

preferably nore than 50,000 Mv, nore preferably nore

than 100,000 Mv) are desired?3 suitable diluents

i.ncl ude hydrofl uorocarbons with a dielectric constant

of greater than 10 at -850C, preferably greater than

1b¢ lmﬂ@ndﬂeoxelvmdyngglam emouita of fdtiatomerdranster egerisvhen the

BB hPRGR3s BPIAR" ot Blloetlh PRt P ey oo i

| ﬂéﬂ@fmﬂhb@ Froh® ntaGurbiventer o2f 1BE &kabamﬂaﬁ&s of B?hrzﬂléﬂ-@)&té\/‘éhpacnor
nor e preferabkg@less t han 3, 000 are desired the

diramersed iip the dshuanit [mepyed | value annmw refgrensg fhudiafgknown
|

PSRN S UL Rl g8 31 REBRLASNal)
c bnedchnrthseothe ivasided cegpatitance Qmetgexremhyeﬂﬁ tOmCs, where ¢ is the

ﬁ%&epﬁ%&%‘s&a&ég@geﬂuﬁé‘%ﬁ@ i b6 sepcrie b rEEeTyAl o e cell
afchtgice! gﬁtf ih‘é &fa gkﬁgwta%eel @%Iﬁl eée%%&s%%méﬂts £p is

asur ed’ air 1) [measured val ue
Céiven tyn tlmﬁdmm@s eﬁ((\fénﬁaasmredcadﬁxﬁw(ﬁ;aﬁab CMlitgnatively, a

piSPsrbuilihs et ool B s hockakd Todisef fpiosation BIC-870

| A beaed (Emessutd@ickelrlc aRaAsH dfafikents @'ﬂ@ct@s AScoidrison of
stray capacitance. Fromthese neasurenments e is given
bthetdieledtre ponstangxe) oGDleeAjelRted (iloRnISEY )85 CRs payided below.

Al ternatively, a purpose-built instrunent such as the

Br ookhaven I nstrunent Corporation BIC870 may be used

to nea ﬁ@ﬁ dielectric constani of dlluent% ditectly. A
conpari " the dielectric ,onstant%a(§§(bf a few

FAan—7—71

sel ect g drtuents at—=85CTs provi dedtetow {0077] In
ot her eredtyhehieride one or nore HFC s ad&3fised in
conbi nat+omwth—armother—dirtuent—or—mixtures——of

di | uent|sDiflggionzdthameaddi t i onal | di | uent s36.881 ude

hydr oc arbons—espectaty—hexafes—and—heptanes;

hal ogenal, edifhwodoetlzme bons, especi al |y cB9.8B8i nat ed
hydr oc arbers—anrd—the—tke—SpeeiHec—exanples—inelude
but ar g not-thilodroetlaned pr opang, isobut ané8 pent ane
net hycyicl-opentane, i sohexane2-—nethyl pentane—
3- et hy|l RenRaweaflubré@hdnel but ahe, 2, 2- dppeshyl but ang
2, 3-

1,1,2,2-tetrafluoroethane 11.27
1,1,1,2,2-pentafluoroethane 11.83
[0077] In other embodiments, one or more HFC’s are used in combination

with another diluent or mixtures of diluents. Suitable additional diluents include
hydrocarbons, especially hexanes and heptanes, halogenated hydrocarbons,
especially chlorinated hydrocarbons and the like. Specific examples include but
are not limited to propane, isobutane, pentane, methycyclopentane, isohexane, 2-
methylpentane, 3-methylpentane, 2-methylbutane, 2,2-dimethylbutane, 2,3-
dimethylbutane, 2-methylhexane, 3-methylhexane, 3-ethylpentane, 2,2-



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

wQ@2®e6doaset hyl pent ane, 2, 4-di net hyl pent ane, 3, 3Pdi/Iretoby019994
pent ane, 2-nethyl heptane, 3-ethyl hexane,
2, 5-di et hyl hexane, 2, 24, - te4 net hyl pentane, octane,
hept ane, but ane, ethane, nethane, nonane, decane,
dodecane, undecane, hexane, methyl cycl ohexane,
cdimhahylppane, cP0ldibuthaipentaay,cl @pedinanieyipentane, 3,3-dimethyl
nethylcyclopent n 1, 1-di h yco ane, .cis 1, 2-
dPFRIEMyT cyfelh fh@aﬁge, t r 4 ﬁ‘i}‘/@em ngghém@yb’l”&%é?ﬁ’anez 24,-
t (8RS ﬂae&an@“ S&ARY | }Q%Qn@,p%maﬁ@eeth%ﬁ@yhﬁ}fﬁh(?pﬁaﬁaﬁ@e’decane,
cyclohexane met hyl cyCl ohexane,  benzéne, tol’uene
x dbdacene, omtdwamylhexma,e pmthwlxwmxanﬁetcawbopt@aae areibbutane,

t he ,hal enat ed v ons of aII abov .
AR e RloRaR el arlel e Bie B s e Citor o2
pPash@&hABY dopentde] nNat ed tgs-3i2oditetyldclopehtahdle abovgans-1,3-
Brom nated versions of the above are al so useful.

Spuesthyleydspanpines  ptheicyelepenianehy (cyelrhevange, medtigyclohexane,
B o B A, LAY bR e i gpa e

e blogémmst versioms dfedicifitheatalvef proferatiy t}be:huﬁ-eﬂtea%rsmns of the

diJuents in combination with HFC s Ex rrgl es i nclude,
babovg;r anqiptPreferble duprnated ygrsians, ofpsl .&3 f@boygd Hraminated

%xong g?ﬁl%]abb 2RG1TRER. MEhifid ds ihauds %qeth}';l chloride,

I nation vv| a chlorinated hydrocarbon such
rrmeldyyllerrch(cfdommﬁbe .ettad dihiaraiealprapyb etilomdnyt butyhchlodde uehlmgform
the Ejgi: i n conbi nation with hexanes or nethyl chloride

es. In another enbodi mrent the HFC s are used
|n conmbi nation with one or nore gases inert to the
po nmerization such as carbon di oxi de, nitrogen,
T8yen, alyomwothee smbadinenimnorgastize, olofrfomayake/ wied as

Ohﬂﬁ ntd EES miRat W“tﬁtH@g‘% pﬁp‘?afrﬁﬂl&blx% Iyl ey 3?'%{1 d to,

e react referr ases € carbon di oxi
aeﬂh/yIBhemrbpylgmmand%Sik]: I n anot her enbodi nent the
HFC s are used in conbination with one or nore
nitrated al kanes, including G to CO nitrated linear,

CYsd7of or brangmBegdhbodiment, the HFC is used in combination with a
chlorinated hydrocarbon such as methyl chloride. Additional embodiments
include using the HFC in combination with hexanes or methyl chloride and
hexanes. In another embodiment the HFC's are used in combination with one or
more gases inert to the polymerization such as carbon dioxide, nitrogen, hydrogen,
argon, neon, helium, krypton, zenon, and/or other inert gases that are preferably
liquid at entry to the reactor. Preferred gases include carbon dioxide and/or

nitrogen.

[0080] In another embodiment the HFC's are used in combination with one
or more nitrated alkanes, including C, to Cyo nitrated linear, cyclic or branched
alkanes. Preferred nitrated alkanes include, but are not limited to, nitromethane,
nitroethane, nitropropane, nitrobutane, nitropentane, nitrohexane, nitroheptane,

nitrooctane,  nitrodecane, nitrononane, nitrododecane,  nitroundecane,



al kanes. Preferred nitrated al kanes include, but are
not limted to, nitromethane, nitroethane,
woRaosomsspane, nitrobutane, nitropentane, nitrPOEXS084/019994
ni troheptane, nitrooctane, nitrodecane, nitrononane,
ni t rododecane, nitroundecane?mitrocycl onet hane,
ni trocycl oet hane, nitrocycl opropane, nitrocycl obutane,
nitrocycl opentane, nitrocycl ohexane,
Nhitroogslomethand, anaitroey¢lbethyrel, oonitracesloprbpanes y chicdectobatane,
ni frocycl ononane, n|t qwgclododecan
q

nPHTOSES) PG e c IHEOCHFIQNEEBn 2 e RFOC ﬁahwéled. _nigpeyclqqetane,

n s e. e b
PRS00 DB, o Rk,

t pipiobahdene pamk ¢t daxt arid to- 20O voisiome 6b thasabvapor preferred
total ..vol ternatively between 5
aﬁ‘&%‘iﬁﬁlegggﬁ'@ Peé‘fi?cie?’ﬂﬁ t{/dé]il@i’%’& ween 10 and 100

vol'une % alter natlvel y between 15 and 100 vol unme %

al ternativel bet ween 20 and 100 vol une %
al®081hat i veilhe BBiGhsdypigalyprasenpat It LQPeV%Ime % based upon the

k()ttﬁr Oglﬁﬁnve Y (RE t(WﬁJ%Hts %lt@lqlgtl%%g yeq 95“3 5/°and 100 volume %,

ernalvey etween 3 e %
ahh@nhmitely betyvebetldemd WD asidmi 0, ubémzﬁtﬁve%a between 15 and 100
alternativel y between 45 and 100 vol une

o VOB Y EbEEHe o2 B KoV gma e dfematively between 25
""Lutld3 J| U@tdoﬁﬁﬁé’ "/peilﬁ’ﬁ%ﬁvélg &E‘\Qeeho% Rl Uie v@lume %, alternatively

alternatively between 6 100 vol une
abtt@eamtdiSvaldy |k vokere %6 a&nmamv)ﬂy\hwlt\um 4»6 and 100 volume %,

2Ph PR BrBE e 70 Elimzae. drtEraly between 50 and 100
. alvbﬁh{a:ayl MedrivatRelyVReRedOs Al 160vIane Y8, Aternatively between 60

alternatlvely bet ween 85 and 100 vol une %
akré AGtvioluns Yhealigeatively batweeno0S wad Ukl %lume %, alternatively

S5 RS 85 ARG IATE 3 s 100 st .

ablternatisely betyvebe t8@eid BB asidmi 0, aknérume%o betden 85 and 100
altern tlvely be en 99 and 100 vol u %

pwglﬁlm coalisrtrenetatvesne g 1O wlmaes i emha?‘a; bgpween 95
TRAE 1601 RNIAAYE daﬂ&yrsﬂa&loa§rm§en P a8 A0SVl RNE 0L A18Snatively

enmbodi ment the HFC is selected fromthe group
cbcrs\{esn PBgndflod wblum%mmdteenatmlyf bareeamed h@dnéQO volume %.

-di f L uor,oet h t.ri oet.hane, and
I‘!L 1pr5h’fr§f’r <2y, BP%’& n%F Gt bi?‘@?@ PO PRE L JPOTe Ggated
I ny@falearb&{sdel}b@@btnanprefela@dcenhmnherﬁrthalHR@né séTeotédf®m the
is selecte
group consisting of difluoromethane, trifluoromethane, 1,1-difluoroethane, 1,1,1-

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

[0082] In another embodiment the diluent or diluent mixture is selected
based upon its solubility in the polymer. Certain diluents are soluble in the
polymer. Preferred diluelllts 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



based upon its solubility in the polyner. Certain
di luents are soluble in the polyner. Preferred
wa@ledoa®ossso have little to no solubility in the poOl/ysm®n4/019994
Solubility in the polymer is nmeasured by form ng the
polymer into a filmof thickédess between 50 and 100
m crons, then soaking it in diluent (enough to cover
the film for 4 hours at -75C. The filmis renoved
f fibm avewdighednThe eaposptdke 5 definnd as theepeatantagefioered® in the

S ondsto vapar.at e.excess dil yent. from t.he, surfac
o P e B AL TR 58 iy reliEohy pighifei i Shieeh sBfa the
t BelypRr R8RS tt@faﬁét&ﬂf legy tHaﬁ 4 vht9e, Refhbl R fidserthan 3 wi%,
soaki ng}é 1The diluent or diluent mixture is chosen so

t Recferebly lpwsithane? Wiks pecferably lesstthae] o4, axose prederalalyigssthan
PhH f‘g{o/ably less than 3 wt% preferably |l ess than 2

wt % preferably less than 1 wt% nore preferably | ess
than 0.5 wt% [0083] In a preferred enbodi ment, the

diluent or diluent m xture |s selected such that he
GRS ence BRIGEERS RGNS (i dauen aft gy miure is

EHP&EJH él{cﬁ {icht Ofhet Qﬁff&@llléénq;etv\%ehh theé dsgl a %lajss WrdBisition

any diluent, unreacted nonomers an es is
witenipenatifeCl » bf theepolgmerf wnh desschamed wdasfiasy difey uirtacted

AR 906 et Kt THad >R BhHEchaabs ROBFIehBigpeured after it

(@RPBEN foPmE@YRD af filtn bF kidkresy bdwhen 56 anll mﬁangronthﬂlat has
glass transition tenperature is _determ ned

dibegresoaked il dibent{snoughdalceysribe film) ft)s@)hourlseat hﬁﬁ Yuedhe glass
V@&aé’%d te%?pse?% e%ge{énhfh%g 'Hlyhe & Eﬁ’ﬁmg ’é?lgghlggxd/ Rpsc).

ture o ass frans
| Mecharges mraratil deschiped hrethetiterdtngd, Yad eample) BASBtngiertmht “The.

o] e ass _Transition STM STP . 1249, e
Eataturwg the Sassokrpptition ar.ﬁA e J{atermination it "ertl?ratai Xna?ysw

PIASLI%HI%L:%thC é%%é"TraﬁE’tﬂoer?A@ﬁM dhe1 SR ¢ Se?rlewl?cpa,&ﬁl@ncan
I mredi ately aft soaki n

i Svaecty fosTestangpinsl Materlaanahmemma r1§a4,atp d7t3érrp131nea$ampée is
bel ow -.80

i e VR PR T GO6T SR ipig 4 DSG samle

Obhaigand MiiiRined it &f @mpBlairtiblawn—80E0Cufl ifmeddid1h @kfore the
preferably within 10C of each other, preferabl y within

9OS§t meagtewenter Proferablyr thp| 1 wakups ara@idin 43 obtdgeh other,
preferably within 11°C of each other, preferably within 10°C of each other,

preferably within 9°C of each other, preferably within 8°C of each other,
preferably within 7°C of each other, preferably within 6°C of each other,
preferably within 5°C of each other, preferably within 4°C of each other,
preferably within 3°C of each other, preferably within 3°C of each other,
preferably within 2°C of each other, preferably within 1°C of each other.

Polymerization Process
[0084] The invention may be practiced in continuous and batch processes.

Further the invention may be practiced in a plug flow reactor and/or stirred tank

reactors. In particular this invention may be practiced in "butyl reactors.”



preferably within 7C of each other, preferably wthin

6C of each other, preferably within 5C of each other,
w@e@booabl y within 4C of each ot her, preferabl pCsion1019994

3C of each other, preferably within 30C of each ot her

preferably within 2C of each2bther, preferably wthin

1C of each other. Polynerization Process [0084] The

i nvention may be practiced in continuous and batch

pillbisestes exampl¢shicludh @ny meastriselected yirdoe ther group ceusistingeof a

pl ug. fl ow_reactor, and/or stirred,tank reactors. |

D SPRTEGIS, O fUered o 8510 b B 1Y EReefog s mony ey pr drum

I eaetod) $jet bl husA¢ adactog, £UBIRL eSactodCAddds AMYrefgaeited boiling-

sel ected fromthe group consisting of a continuous

f pook readterr ed tank reactor, a plug flow reactor, a

nmovi ng belt or drumreactor, a jet or nozzle reactor,

a tubular reactor, and an autorefrigerated boilingpoo

r ¢@08Spr . | 008L¢rtain lembodirhaity) therirodhti®nissprattied using a slurry

invention is practiced using a slurry polynerization
p POYBSEIZatHeDIREFSS i F PRIMRHIZA I Bosessepet thadnyenyemmay be a

n@?ti&?c ?o hiQidh gRchég‘? r &Eﬁ?o%é?fzgﬁ@r?%roc-&% of the invention
pol ynerization process of t I'nvention ' may be a

c andyi bewcestipad ug ipehyinzaizavon prooeses §he Polynpolzgtier proedssasrof the
processes of the invention may b ol yneri zat| )

D IBERESEEY G R I BT PERESTS B PP OGGBAR i isoolefin
PRbYARESsuTH @8 is3Buty RAb Bhsdd P kased pol ynmers. [0086] In
one "enbodi nent, the polynérization is carried out

where the catal yst, nononer, and diluent are present

[ i ngl P I - pol ' [ '
peE " P A O TE LAY 80 e e

Wahtalyst, ieoroater) isd dilo@mnarerprsknt and dindiel@hhsear @referably, the
present. as a single phase. In slurry polynerizatjon,,

t Relymshigatqnsis Cé’éteér% {1y @ pontiyguy Pﬂlt/’inﬁ’fl%?rt‘@)f’r%‘ieés i which the
mM.SGi ' di i ] %t j ,

CHAEDRY SpLRgh R AR ol bR X Hif e 1o sy
pipelyinpirizaties the monomersdédtalgsi(s) wandhingaoo(s3 @paalhniismble in the

frgmthe diluent. Desirably,. reduced, or. no pql r
+ i g9 Ry b AU LG DRy PEope Rplymer
TOree AR SRR AhO Hilhdie VAR YR scparbtion fhdnh tthe dRbierO Desirably,
di | uent mass uptake. Thus, o
reduced or no polymer "swelling" is exhibited as indicated by little or no Tg
suppression of the polymer and/or little or no diluent mass uptake. Thus,
polymerization in the diluents of the present invention provides for high polymer
concentration to be handled at low viscosity with good heat transfer, reduced
reactor fouling, homogeneous polymerization and/or the convenience of

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

[0087] The reacted monomers within the reactor form part of a slurry. In
one embodiment, the concentration of the solids in the slurry is equal to or greater
than 10 vol%. In another embodiment, the concentration of solids in the slurry is
present in the reactor equal to or greater than 25 vol%. In yet another
embodiment, the concentration of solids in the slurry is less than or equal to 75

vol%. In yet another embodiment, the concentration of solids in slurry is present



pol yneri zation in the diluents of the present

i nvention provides for high polynmer concentration to
wheoohaodbed at | ow viscosity with good heat treeEi82004/019994

reduced reactor fouling, honbgeneous pol ynmerization

and/ or the conveni ence of subBsequent reactions to be

run directly on the resulting polyner mxture. [0087]

The reacted nononmers within the reactor formpart of a

sinuthe yeactom fome 1 ¢nBodolenin yet heothomaebmdimentothegbnedntration of

w11 e e, s AEor {EPrE i B o Thve! another

S eb8ginieht, A€ cSlcehitiatidnSofoBaE M shufrylddfcdiRRbbRlis pRbet in the
to or greater than 25 vol % In yet another enbodi nent,

t rp@cm rfmﬂ@ano. HBhvelPe.sdniyes anethemembediment, itke cerpentratign of
OLoift IS c%%c%’n%lat/ ?)n agqpr)égetnt ﬁ’pﬁltque{ctoerrﬁ)&g 188840 OW In yet
Concen ra iFon 0 urry 1s presentin the

r egsthéeniiodimént} the COndentrabior of yodids aﬂﬂhhﬁ lcogdenadiisredtpresent
t he concentratlon of solids in slurry is present in

t Hethegerotdrirem gfhte 7P 0’% JBIYSh a‘loﬁheyé’fnbgﬁb’ﬂ%rthe concentration
e@?&iﬁﬁﬂ%lurﬁ*&n@&ﬁ&%ﬁ fn‘e? + Of (RAehdSr ;ramsis%% vol%. In
concentrati o resent e reactor from 10
vgéto/andtlnerycenbcmimnem;e lheendnm:dntlmm oft kdids ancdwmty a;bnmntraiﬁon is
solids in,sl urr onc a},}d onl/ls resent [

VR et M

t
. BiEseiiny the reaety S el e, the

t BEncCRR&FIN (Fiastoh@é"lrpsfluﬁ? L:bﬁ&n!rﬁhoﬂ i ok ke £IOA GEN Edadiot B0 40 to
present in the reactor from20 to 70 vol% In yet

amdvhp. enbodi nent, the concentration of solids in
slurry concentration is present in the reactor from 25
to 70 vol % I n yet another enbodi nent, the

CQOU88Nt r at i @he 0brdeo| dfdsontactirlgurthy Momardt feddiikainS catalyst,
present in the reactor from30 to 70 vol % In yet

afBtiser aBdBRwRNERY Vaphizom ore smbpdiimeshtogmotiri ds i n

slurry concentration is present in the reactor from 40
to 70 vol % [0088] The order of contacting the nonomer

f §0089%t r eamFor atrably:silnformatiom atgarding ipolyohhdrizenen peocessss,ysee,
fr.om one errbo i rent. t

S AR A U R I v R 015‘22@@9@883 and

fpcwg@ph@gm[ nt ernati onal Applicati on Nos.
PCT/ US03/ 40903 and PCT/ US03/ 40340.

Slurry Separation

[0090] After polymerization, it is necessary to recover the polymer
product or polymer particles, and recycle the diluent and unreacted monomers to
the polymerization process. A slurry having large amount or made completely
from methyl chloride is very slow to separate due to the sticky nature of the
polymer particles, if at all, and the separation technique normally used is to flash

off the diluent and monomers using live steam and hot water.

[0091]} In slurry having one or more HFCs, without being bound to theory,

it is believed that there is a lower level of diluent mass uptake in the polymer



Slurry Separation [0090] After polynerization, it is
necessary to recover the polynmer product or polyner
w@aobioedses, and recycle the diluent and unreacP@musS2004/019994
nononers to the polynerization process. Aslurry
havi ng | arge anount or made zonpl etely from net hyl
chloride is very slow to separate due to the sticky
nature of the polyner particles, if at all, and the
spadclas mdiich edbedsghe stickynmitiry ofi siedpolgmien padtiakel and hllowe the

di | uent and nononers usin i ve steam and hot ter.
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bei ng bound to theory, it is believed that there is a

| oner | evel of diluent mass uptake in the

pH1092Er par t Thésesinvibie filtessdandés sehaawrs thay useather appbifation of
the pol r particles .and allows .the slurry to readily

S B Gt Sl B B S o B FREL R Ve erph ayedt
[0092] These include filters and/ or separators that

use the application of force to the slurry such as

gl®98 at i onki certaie embeilieyts, thoplaey 1 oassi thipughra davice to

Y L I N

skilter ySuch flassad cohmeargihllpabdilabkrandStieih ufd IstveglBkigdven to one
commercially avail able and their_use is well-known to
ofdlledin theattj An thequsgof conyentippal fdlersop Ve t gegpmly used to

f bldkGhe dil the Lfd b P@ﬁ?@f&ﬂleﬁl khd B&lymer.
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the polyner. [0094] In another enbodi nent, a Cross
ed. Cross fl and cragss.f |

F ilter_is filt .

i@l or | 1 PhirdRet e nadess bw EpEF fufeedsupiase ffow
s@ittaking k& e eldbivdtilirhiich dréRechdiquel Wafk Yire pdiid@Darly suitable
enbodi nent, the flow of the slurry is tangential to

sitorfuseewish thindype pf slurryCr b an fembpdimenteths Hlewsifrthe islugry is

shear t fLlEar rf [ - T A

o g 4 17k OF Be ity BEGs MPREGE L RUPIRER: J1F s
hyehfet lin ordet & dtimédetthe beisd aff fltdrichkes r Howetdnefof exdngple, when
cake fornmed can be readily_refor by back shi ng i
f Phyd hvdsaiveresarben Flgfiso erd ﬁf_éers& tggrg}t?r Gk o, qan B readity
r ?@ﬁénkaa Hﬁﬁéaﬂek Weadhink Wiy surfhié & defhodOthe Sty Has Fhidrwill readily
met hyl chloride slUrries because of the sticky nature
ofefoime apbirpneThisas motthescasan for eetbylughlgride slurries because of the

sticky nature of the polymer particles in the slurry.

[0095] After concentration by the filter, the slurry can go to a vessel to
flash off the remaining HFC diluent and monomers or be contacted with a solvent
for the polymer to dissolve it. The diluent and monomer separated by the filter

can be recycled to the reactor, thereby conserving, among other things, energy.

[0096] Such differences in diluent and polymer interactions in light of
chlorinated hydrocarbons and HFCs may be due at least in part to density
differences. For example, the density of the rubber phase is 61 Ibs/ft’ (0.976 kg/l)
at -103°F and 61.25 Ibs/ft® (0.980 kg/1) at -130°F and the diluent (R134a) is 97.91



[0095] After concentration by the filter, the slurry

can go to a vessel to flash off the remaining HFC
walzdogpossand nmononers or be contacted with a sPCTER1004/019994

for the polyner to dissolve it. The diluent and

nonomer separated by the filgker can be recycled to the

reactor, thereby conserving, among other things,

ener y. [0096] Such differences in diluent and pon
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ma due at least in part to density
gﬁﬁ)@r‘éﬁ@egz For exanple, the density of the rubber
phase is 6 1 Ibs/ft3 (0.976 kg/1) at -103F and 61.25

| bs/ft3 (0.980 kg/1) at -130F and the diluent (R 34a)
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Whereas HFC slurries do not agglonerate in this manner

neRNPGSin, ensepaewtildes easer-concent rati on of pol yner
particles in slurries conprising one or nore HFCs
easier. [0098] Wen filters are used to separate the
pm(wspr par WieneSltdrs are tbed ®l sepantd eevpoigmehpartielas foim the
yner, deposit or fllter é:ake co alncgg resj dual
°§ Rkpt
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particles are not sticky, the polyner deposit can

e tegipeyatiie, rdesaustahn pdlymei partieles arsoteantickal theqrobymerrddposit

di ssol ve ol vent .or Ite natl

O5aT S obe Bickel b 6 iRl bRt Rt i FRSPER Mo a
og&leém%ﬂ‘an@ihm}spmt&s@eca@pbxtmtsqa pEfdut@h E@al grodine.

slurry is enployed to obtain polyner particles. The

force enpl oyed nay be any force suitabl e to separate

L [boRP| YT 1P QG deil it L Sing LB cksion BPRAGY 1d Mhelhurry is

nment , [T cation of orcels
eepplvyed ts uxbtnuaspo]]ynﬁr paeticlesx a’m’hé dorct rmlpﬂd)yﬂdr may de any force

transported to a settlin tan whereby gravity
sé‘ﬁé?i) §°P4¥%te;518ﬁ@fﬁié‘i" igley %’nlﬂi‘F’g%ﬁase of the
slurry to forma concentration of the polyner

particles. In an enbodi nent, the settling tank shoul d
[00100] In an embodiment, the application of gravitation force is employed

such as 1 G. For example, the slurry is transported to a settling tank whereby
gravity separates the polymer particles in a phase of the slurry to form a
concentration of the polymer particles. In an embodiment, the settling tank should
provide for a residence time of about 15 minutes and have an upper outlet stream
to remove the concentrated polymer slurry and a lower outlet stream to remove

the diluent and unreacted monomers.

[00101] In another embodiment, the application of a centrifugal force to the

slurry is employed. For example, centrifuges and ultra centrifuges may be used.
{

Such devices are commercially available and should be operated as directed by the

manufacturers.



provide for a residence tinme of about 15 m nutes and

have an upper outlet streamto renpove the concentrated
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di  uent and unreacted nononmers. [00101] In another

enbodi nent, the application & a centrifugal force to

the slurry is enployed. For exanple, centrifuges and

ultra centrifuges nmay be used. Such devices are
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an enbodi nent, the particle sizes at about above 20 m
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ppagess. [ 00103] Wthout being bound to theory, it is
bel i eved that the conbination of |ess sticky polyner
particles and a larger density difference facilitates
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those, for exanple, are the conservation of energy
st hlesss stidfyr ipgbymadri particlesrapd. aAbtidgdri derssitly y diffehence facilitates

di |l uent c rising.the o or re HF and. unr eact ed
nomse B RO G e vt AR Rr At mbhe oS nt PRI cite the
prosebation @F kdddgyl suchhg _fvieant &engd SeRAicHiIPNthe diluent
processes, the operational tenperature nay be bel ow

t Kemgrigag therong o Masp BFSwped angpeted monpmepscirg desirablygiecycled
e%?ﬁE'%lnk%%Q@&ﬁ@o?&&Y' rubber. [00105] In any of the
Sud "Enbodi nent s,

previ the polyner particle size is
from0.1 mto 200.0 m alternatively, from20 mto 200
alternatively, from 30 ) )
m[006i|3g] lin the afi rement?oneé% separation processes, the operational
temperature may be below the glass transition temperature of the polymer, for

example, -68°C for butyl rubber.

[00105] _In any of the previous embodiments, the polymer particle size is
from 0.1 p to 200.0 p, alternatively, from 20 p to 200 p, and alternatively, from 30
p to 200 p. In other embodiments, the polymer particle size is from greater than
20 p, alternatively, from greater than 30 p, alternatively, from greater than 40 p,
alternatively, from greater than 50 p, alternatively, from greater than 60 p,
alternatively, from greater than 80 p, and alternatively, from greater than 100 p.
Larger polymer particle size generally facilitates better separation of the polymer

particles in the slurry.

[00106] After the polymer product is concentrated it may go to a flash or

extrusion processes to remove the remaining diluent and unreacted monomers.



mto 200 m In other enbodinents, the polyner particle

size is fromgreater than 20 m alternatively, from
w@emanessst han 30 m alternatively, from great ePCT/ls20041019994

m alternatively, fromgreater than 50 m

alternatively, fromgreater 8han 60 m alternatively,

fromgreater than 80 m and alternatively, from

greater than 100 m Larger polyner particle size
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particles in the.slurry. [00106] After .the polyner
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extrusi on processes to renove the remaining dil uent

and unreacted nononers.Alternatively, it may proceed

t INRPUNIFd8$SAPRLIGAESIN® t he rubber in a diluent and

then separate the renmai ning diluent and nononer by

stripping. | NDUSTRI AL APPLI CATI ONS [ 00107] The
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t hese polyners, nanefy ifiner tubes and tire

i pnbmiars)ensielyliheseubanmdpire peretliress. dflesakane pfoperties are also

I mportance i.n air cushions, pneumatic i ngs, air
b &F KRETANSE 7 A48 PP, RS RGS SRR il B o pecumulator bags,

ClaR@ WHasmacklficdl NGbdRés. STRHRI kickMaloktabili®y RIF! theBpSly Rkrst BE the
i nvention make themideal for rubber tire-curing
blinngdtiers makegthemengral £onmebbse rtire-suring ddaddersn higho riraperature
belts for hot, material,handljng. .[001 The pol yners
ot et A SRR BoL Mt Me oag Ganmi ng

and shock absorption ranges in both tenperature and
frequency. They are useful in nolded rubber parts and

filOUOR de agpei RAlymeits e nbiatighlamping gah SHyF ofpiquely broad
b ' on i’ bo u t fequency. e
[ ggﬁ&ggﬁé afﬁ;%ggl%&%&ﬁ hﬁﬂ%(gsr £ bofD i RN IO £ quency. They

mers of t I nstant ‘i nvention are
usedf wbefiulnin imadsd deblet | wrtanohdt fisddvide ngpplicai®ns lin  automobile

sidewal.ls, the pol r characteristics inpart good
o BRENTiER PUpBSTEANY Pyt BaRE G RODGRE MEpear ance.
The polyners of the invention may al so be bl ended.

Properly fornulated blends with high diene
[00109] 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. Improvefnents
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.

[00110] Blends of the polymers of the invention with thermoplastic resins
are used for toughening of these compounds. High-density polyethylene and
isotactic polypropylene are often modified with 5 to 30 wt % of polyisobutylene.

In certain applications, the instant polymers provide for a highly elastic compound
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drlven stirrer. The size and design of the glass
vessels is noted for each set of exanples. The head of
t X ARCESr i ncl uded ports for the stir shaft,

[00114] The pblymerizations were performed in glass reaction vessels,
equipped with a Teflon turbine impeller on a glass stir shaft driven by an external
electrically driven stirrer. The size and design of the glass vessels is noted for
each set of examples. The head of the reactor included ports for the stir shaft,
thermocouple and addition of initiator/coinitiator solutions. The reactor was
cooled to the desired reaction temperature by immersing the assembled reactor
into a hydrocarbon bath in the dry box. The temperature of the stirred
hydrocarbon bath was controlled to + 2°C. All apparatus in liquid contact with
the reaction medium were dried at 120°C and cooled in a nitrogen atmosphere
before use. Isobutylene (Matheson) and methyl chloride (Air Products) were
dried by passing the gas through three stainless steel columns containing barium

oxide and were condensed and collected as liquids in the dry box. 1,1,1,2-
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s oblutipmnwengeadded deap-wisdd inereimer {Jids using a chllled glass Pasteur
It ghntﬁlcotafg?rdp ]’roe[é:lj};s aat oket &P dr%tmlnl%ngH f §of g m les usD ngVWhe 500 or

STNg a it ags
1000 ml glass reaction vessels. Catalyst solutlon was added to each monomer

feed at a rate so as to keep the temperature of the polymerization within 3 degrees
of the reported temperature. Polymerizations were continued until catalyst
addition was stopped. The slurries were then manipulated as described below.

Conversion is reported as weight percent of the monomers converted to polymer.

[00116] Polymer molecular weights were determined by SEC (Size
Exclusion Chromatography) using a Waters Alliance 2690 separations module
equipped with column heaters and a Waters 410 differential refractometer
detector. Tetrahydrofuran was used as eluent (1 ml/min., 35°C) with a set of

Waters Styragel HR 5p columns of 500, 1000, 2000, 10%, 10° and 10°A pore size.



pi pette or, optionally, a jacketed dropping funnel for

exanpl es using the 500 or 1000 m gl ass reaction
woame/edssso Cat al yst sol uti on was added to each HOFO$04/019994

feed at a rate so as to keep the tenperature of the

pol ymeri zation within 3 degréés of the reported

tenperature. Polynerizations were continued until

catal st addition was stopped. The slurries were then

ibetien based eort matyow mlmlarcwmgét spocb}’lswtsxtylelpmﬁtaadards

SRS 5 TETBEE G, TG BB v e
deliswribativad. by SEC (Slze Exclu5|on Chr omat ogr aphy)

using a Waters Al liance 2690 separations nodul e
. equi pped with colum heaters and a Waters 410

d tial pa T f

S s s BOAD i s
WanstrusneBtsyushoge diffdireri atibiation aind frub @ootoddl§0, TH20REthodddgy of
ST KHBMOR G ¥ <t B s AT g | cBacterize
PoloWiRir r&l@&dﬁr Webhivass Ueesl ré\Qe\Qéd ﬁyhﬁﬁﬁgmm%ﬁklhéar One such

wei ghts and distributions. [00117] Poly nol ecul
wepgiae 8 th@rfebléwdlépé\dﬁd gd..bin Tange en PgBE@drngearbonknt K. G Elias

el JogER: 58 HARERI ARt EheliRro SR Yot doparpes

CNBQMBImgmapﬂukp&@mam@&a@&matze pol ymer nol ecul ar
wei ghts has been reviewed in many publications. One
such source is the revieM/provided by L.H Tung in

Paobysrer  Year n | Iy
rde T T vooaurenier ghbodlpE N b GerchillL By, tH-NMR
pgpecti®Betr§O, MNEVIBI nneasumtmtsat\ede bybtatriedr ennca. ﬂdbd) strength

5o PORune o AL AR QM Sisek s ecomed st room

f it@hgbrathireeddt B BAIKCESROME "IMI© HCdYhEtePlsy 0 'Mkia% CDCl;

1H NVR spectra were recorded at roon1tenperature 0
Brolutenyefdhe polivRrss pAH chemisakshifts/werenefigsinaed ©IXMS.

sol utions of the polyners. Al chemical shifts were
referenced to TMS. io00 1i9]| variety of NVR nethods

h#¢ been uge dratietyC bArMMRemh&Rods have been used to characterize

comonomer incorporation and sequence distribution in copolymers. Many of
these methods may be applicable to the polymers of this invention. A general
reference  which reviews the application of NMR spectrometry to the
characterization of polymers is H. R. Kricheldorf in Polymer Yearbook, H.-G.
Elias and R. A. Pethrick, Eds., Harwood Academic Publishers, New York, 1984,

pgs. 249-257, herein incorporated by reference.
100120] Rubber volume percehts were determined by collecting and
weighing a sample of the total slurry or of a separated phase. The diluent was
then weathered off and the remaining rubber was dried in vacuum to determine
the total weight of the rubber. These values were used to calculate the weight

fraction of rubber in the collected sample. The weight fraction was converted to a



conononer incorporation and sequence distribution in

copol yners. Many of these nethods nay be applicable to
wa tves/pokspner s of this invention. A general refPemars2e04/019994

whi ch reviews the application of NVR spectronetry to

the characterization of polyifers is H R Krichel dorf

in Polynmer Yearbook, H -G Elias and R A Pethrick,

Eds., Harwood Acadenic Publ i shers, New York, 1984

peelumes gsing the appropriate; deastportdhe enppratar &f dircexperipgnt. The

er v

Sl RRES i KR RILEEENE DT BRR TV itk 0,980 goc at -

o9oqf. a separated phase. The diluent was then

weat hered off and the remaining rubber was dried in

vacuumto determ ne the total weight of the rubber.

;Fhasle val ue%a NS e x&:?ul& lfﬁl%ﬂaﬁgn deiikted at 75°C in

racti on of ber In the co sarrp The wei ght

fract?- wﬂraﬂa&o@mﬁhe add, lt-diﬂanvrobnham Esdnnged he 5 are provided as

approprlate densities at th e rature of the
esparlemeitthe mysniiem s 590 VAL b mBEa teain lefle Veibwe for these

i 60 %ﬁ?sg ﬁg glog&&{zaﬁg‘g% BREPeBQ VvER c%hduct&pgy combining

, Ists the resu it s o polynerizations
c amimtbédi 1ak, 2-te7tﬁﬁlﬁoror¢tlmnd (ar, 121-ddtouadetheoe det Emmepla Ay 111 ml

LSS OB 10 EERTRA, o L BoROY FE B coy

r ?ﬁhf‘orkﬁir@xﬁm\ﬁ/ﬁesl Wﬁ@%ﬁ:{)%d hﬁﬁ%@o exafml €5,2- té'ti’eﬁ]uoroethane 222
pol yneri zations f wer e conducted by

cmmphterﬁQOf%Bd (rimadfL qthﬂn‘gmzn{ll@td-lﬁflpﬂéﬁ slttihan heyane and 81
1&%%%1 fSeIO,]{ o%?éalgggi lulﬁéﬁ'ml}?c@n 1%]112 f&raﬁlﬁoroetﬁane For the

i soprene repare
PO AREizAtRACin E')l’aen]ﬂatl aby sil ofalatilyso Bolimon Ebaampd:ds Thevastalyst

d f 1,1,1, 2- fl h ,
enBom G Egimples b ol 3 v BCBRURE O BH e 11012
S?%tfé‘ﬂ'u&%efh? {éﬁ" enRRfits LofMaCl @ S efylAuBindd MeHlbride

ution 1,1, 2-tetrafl uoroet hane. For the
peblyfie irzlaxaomaridnl 25><rarrp¢13er$ of 23.0% m@i/Lcsahmloyﬁf HClin 1,1,1,2-

oL o085 V25 TG CRLBLHah ORI 2 o AL 3Sion
t §lak akidioreein merBatih 6 @b(mhpresz. ofl @l &f @atﬂ@bﬂ dolution was
et hyl al um num di chl ori de

used. For the polymerization in Example 4, 27 ml of catalyst solution was used.

The catalyst solution for Example 5 was prepared using 50 ml of 1,1-

difluoroethane, 333 microliters of a 1.0 mol/L ethylaluminum dichloride solution

in hexane and 125 microliters of a 1.05 mol/L solution of HCI in 1,1,1,2-
tetrafluoroethane. For the polymerization in Example 5, 35 ml of catalyst solution
was used. !

001221 For ‘each example, a sample of the slurry was collected
immediately after the end of catalyst addition while stirring the slurry. This
sample was used to determine the starting slurry volume fraction. The slurry was
allowed to separate by resting for five minutes or less when 1,1,1,2-

tetrafluoroethane was used as the diluent. When 1,1-difluoroethane was used as

the diluent, the slurry was allowed to rest 30 minutes. The slurries separated into



solution in hexane and 125 microliters of a 1.05 nol/L

solution of HO in 1,1,1,2- tetrafluoroethane. For the
w@olognesssezati on in Exanple 2, 15 m of cat al ysSeCT/US2004/019994

solution was used. For the polynerization in Exanple

3, 21 nm of catalyst solutiéh was used. For the

pol yneri zation in Exanple 4, 27 m of catalyst

sol ution was used. The catal yst solution for Exanple 5

was uppes phasediohsin mgpbso (nptedods rubbier piaselindiablet lhane a 133@ phase

mcraoliters of 1. 4L ethylal wm pum dj c ride
S P ahBh Resedas o phasein bl [0 A bl BE o hase
S @hdltheQbwe pHasd wa8 cdllettel, t8 detefrthindfthd I 0s10@k Hafent fuBbertin@ach
pol yneri zation in Exanple 5, 35 m of catal yst

sBhasei on was used. 1001221 FO 1- e exanple, a sanple

of the slurry was collected i mediately after the end

of catalyst addition while stirring the slurry. This
sanpl e was used to determ Mabldle starting slurry

volunme fraction. The sl urry was allowed to separate hy

resting for five|mnute¢s or lless when 1, Volume % Rubber
tetrafllugroet hang was uysed ag the diluent \hen

1, 1- di f|| GorsEiMane Mis |used gsMehé. difagtng | Rybbery yr Djuent
WRsmple! [OWH %9 T £St1630 | WM, §S. IFhe| Siwryi ¢S BRBAT at eehase

dntoan lupper phate riclh in rubber (noted as rubber

phase ijn Tapj e 1) gpsl @ |pyer| phasel pgok i n rybler | np
(noted las diluent phase¢ in Tdable 1)l A sanple of the

upper phaseyand hl%:# over; phgse) was| cqgblgected,g @ 0.5
deternijne the volune peéercent [rubber!in each phase

Tabj e 1 ND: 4ot (leges minegdy 1001281 [Tabjg 2{1isbg the g2
resultsl of polynerizatiions cqnducted at -90 Cin

metfyl |chl ogg de. | Exgnplies; § gndi ¢ are jgompar abj ye 0.4
exanplegs., A 1000/m glass reqin kettle waslused forn

these exanpies. [onpgyren feed |fof4Exanpke 6(wags 3 0.01

Lprepared by conblning 350 m lof nethyl chloride, 111
m of isobutylene and 2.8 ml of isoprene. The catal yst

S tj . anple 6 was prepared from50 m of
ngrﬁyr{O?gﬁFrgélpgg, 225 mcroliters of a 1.05 nol/L HC

solution in 1,1,1, 2-

100123] Table 2 lists the results of polymerizations conducted at -90 °C in
methyl chloride. Examples 6 and 7 are comparative examples. A 1000 ml glass
resin kettle was used for these examples. Monomer feed for Example 6 was
prepared by combining 350 ml of methyl chloride, 111 ml of isobutylene and 2.8
ml of isoprene. The catalyst solution for Example 6 was prepared from 50 ml of
methyl chloride, 225 microliters of a 1.05 . mol/L HCI solution in 1,1,1,2-
tetrafluoroethane, and 666 microliters of a 1.0 mol/L ethylaluminum dichloride
solution in hexane. For the polymerization in Example 6, 20 ml of catalyst
solution was used. Monomer feed for Example 7 was prepared by combining 350
ml of methyl chloride, 82 ml of isobutylene, and 2.2 ml of isoprene. The catalyst
solution for Example 7 was prepared from 50 ml of methyl chloride, 180
microliters of a 1.05 mol/L HCI solution in 1,1,1,2-tetrafluoroethane and 534

microliters of a 1.0 mol/L ethylaluminum dichloride solution in hexane. For the



tetrafl uoroethane, and 666 mcroliters of a 1.0 nol/L
et hyl al um num di chl ori de solution in hexane. For the
w@oedogoegsseat i on in Exanple 6, 20 nl of catal ysPCT/US2004/019994
sol ution was used. Mnoner feed for Exanple 7 was
prepared by conbining 350 m 3of nmethyl chloride, 82 ni
of isobutylene, and 2.2 m of isoprene. The catal yst
solution for Exanple 7 was prepared from50 m of
MBbRYlerightidy h@leaxal;g@ e M, CEIPInhlt f calllys? sblfinRat Lust®  Both
solutionin 1 tetrafl uor oet hane and 534
mpelysierizationsgpsudted in shaigs_ofepragiptatadrirekher gpigislesrsuspended in
sql ut.i i n hexane. For thepolynerization in Exanple
akﬁﬁhﬁﬁtof catal yst solution was used. Both
polynerizations resulted in slurries of precipitated
rypbgr particles suspended in the dlluent I 00 i 24]

0
r "xam pi e sFRr £xamplesi & ¥ Tha ample yofpthe &lamfewwopected
VAR, KB NRY ohd S LRRENRL oBBh AT A e Ul i
t kample avasiused © deterynineothe s@rtingasttrinomoluifkedrastiom.r yT ht.vahlrry was

al to rest for east 30 m nu In.t
ISR frsb B aiiier BhaniBiRe S BT slplne BoveTinaies. o
r Q%Qﬁfcaﬁ‘tge%&ﬂfﬁ R HIROrBBerSde@ i dMsted Wh r&ténﬁﬁ{g stu)éﬁ’ it Ity phcatly 50
of the polyner prepared would be eith
ag@%cﬁféh%tp@ldmr prepafied avoutd beneithen @ggiﬁmclhtesl QB(fOthECh atthe end of
|, oner at SIC I
r ermve % %g ;@ﬁg‘ %ﬁ%n?%t?ur ry er%N? Y%lca(ﬁ r)é{mved from

oltl&elreﬁﬁlﬁlhlg,e slfgsienRgatempatd m&eﬁmﬁe pSésalﬁdeyofSa/ﬁiI(ﬁﬂhase slurry
(rubber rich and rubber poor). Only in Exanple 6 was

s SXBHA, (ybbes Fel ead subhes Peper OBl iRhEramRiad Wat a second, Tess-
S lygVe fn q’]ﬁ?en&;s\ér\gﬁf\;lﬁ P 0hs hgltﬁfléluﬂ%t fyrcﬁﬁ%lleﬁpmo%l 9*?1%5 éon of

than the starting s urry tota ner co ec e
ftrlm’uet hhag ]:ifeasienmgoslmﬂrﬁd The Eatﬂ pml%nef cb]he:tdcbiﬁa)hl s hase

of rubb r.od le 2 slurr eparati on not
oS iy Pamestin ftateS ol sbprmiatdeelnt e | n Tabi e
3 are prOV|ded to denonstrate the reuse of the

di | uent/ mononer bl end collected by filtration of a
slurry at partial conversi dableBol yner 1). The reused
di | uent/ mononer bl end was used to prepare additiona

Volume % Rubber
Conversion M, | L Mol% Startl_ng “Rubber Dlluent
Example (Wt%) x10° | M,M,| IP | Slurry Phase Phase
6 81 1100 23 8.7 11.5 9.0
7 96 753 2.8 8.9 a a

a: slurry separation not evident after 45 minutes

[00125] The examples in Table 3 are provided to demonstrate the reuse of
the diluent/monomer blend collected by filtration of a slurry at partial conversion
(Polymer 1). The reused diluent/monomer blend was used to prepare additional

rubber by adding more initiator/coinitiator solution to this rubber-free diluent



rubber by adding nore initiator/coinitiator solution
to this rubber-free diluent(Polyner 2). Table 3 lists

WOt toee/0095l t s of pol ynmeri zati ons conduct ed at -PEIAIS2004/019994
1, 1-di fl uoroet hane (152a) (Exanples 8 and 9). Exanpl es
8, 9 are exanples of the curBent invention. Exanple 10
is a conparative exanple prepared in nethyl chloride
(CH3A ) at -95C. [00126]. For Exanples 8, 9 and 10, a
ngPelpRker SR| Thblers lists thy epaltedf pylysheszalons rgnductdndt -95°C in

i sobutyl ene (collected at -95C) and 0.3 nml of isoprene
| Rtlodtboraetane Cea) timamis 8 109)1 (Pl iaQ@re exaniples Of the

CxludrBglr fg@ié}%tloglls a%ﬁang?@glﬂf & gl é&n)}ﬁazﬁ%% alhitplS %}éﬁ%egg#n"\@%thyl

prepare uent b ng 0.1

0.cBB®ride (CH;Gl) ac49580! uti on of hydrogen chloride (HCO)
in 11,1, 2-tetrafl uoroethane and 310 mcroliters of a
1.0 nol /L ethylal umi num dichloride solution in hexane.

Theor2epul ti Yy FRLAIKSILS, IO 1O WRBOMSE SolufiBE WadtpRépared by
Catalyst sol ution was added while nmechani cal

stdussolvng §.henlhoinisotertylsnd (aotlesied ThdSErbanst 0. éfml?:/%ft igpgrene into

2] G e Lo S SRR By

d isb €Ok W@r;ﬁelﬁz@é’@‘m‘-‘% filosf din@npBY )éﬂ&fnghyl Bl Idﬁ m 0.93 mol/L
filtration throu cron stainless steel frit and

c @tqclscaowlomrpfahbcﬁque@lﬂw&fe(Iv‘CH gnvbd @-tetrpygragthaggaand 310
S qx?%fo‘rl’ltt%g of rgd 1 ‘{)?Hl!glgh &th loe ?Lhﬂxﬁ ' (ﬁ&ll&h&éﬂ sélﬁﬁ&h uﬁj 'h%k"ﬁﬁt The

mhen el uo ane
1, rdsultjri taﬁﬁl[y@tf dohaiometvha ngednasmedietdlyas Catatystlisblugon was added
of the bb particl

de stra the.stabilit
TS S0 B HBE Bor YRR  thfs TEBPTEL AL AR | BOUnG! catalys

d %Bﬂm@ﬁ raHéécWonlﬂe tRshID sty MBhoMSr $d18idisiiRdidABd & Fable 3.
as polyner 1. Pol ynef ‘separation was inconplete when

t Hléhednbmmﬂrs wad diteertt wer@ o ved drorT e p@lbfgmrs by phetfsar Rlgration

chl ori de cou t
; ﬂg%)élglr{% % pucrpn, gta éegsls 5 I‘FS ﬁ aéxg V%)Tlgct OA na ﬁﬁ‘iilea%éet\gng vessel.
f i Bl ph@dvfstparh@@ hAd Lould bEXaspireed8yitt freshdilenewked efhier 1,1-
in the filtered diluent were then polynerized by the
adtifleqreethesre omi. 1.l grigtrativpiosthans wag %ﬁeraﬁ thergilyenp demonsirating

f 'tln% §{agﬂlt %‘?Qﬂ Fulﬂ‘blef"I bgrfllcﬁé i §p9 a'téde{ﬁl Rkr ¥a0- c8flected and
L sto utlon 0 ydr ogen e 2'sol'ution in

1 dheill 2T]hcet1atafpemtanmg haties wabynsd de disteidt inoliablé Sr ampolymer 1.

Po’f gr separatlon was incomplete when the diluent was methyl chloride. The

polymer prepared in methyl chloride could not be re-slurried as the rubber

particles agglomerated when diluent was filtered off.

[00127] In Example 8, the monomers left in the filtered diluent were then
polymerized by the addition of initiator and then catalyst. To the filtered reactor
fluid, 15.9 microliters of a 0.93 mol/L stock solution of hydrogen chloride
solution in 1,1,1,2-tetrafluoroethane was added without formation of polymer.
This addition was followed by the drop-wise addition of 1 ml 1,1-difluoroethane
containing 3.2 microliters of a 0.93 mol/L HCl solution in 1,1,1,2-
tetrafluoroethane and 8.9 microliters of a 1.0 mol/L ethylaluminum dichloride

solution in hexane. This last addition resulted in the formation of polymer 2.



This addition was followed by the drop-w se addition

of 1 m 1,1-difluoroethane containing 3.2 mcroliters
wOoaf00@05®»3 nol /L HA solution in 1,1,1, 2- PCT/US2004/019994

tetrafl uoroethane and 8.9 microliters of a 1.0 nol/L

et hyl al uni num di chl ori de sol i on in hexane. This | ast

addition resulted in the formati on of polyner

2.[00128] In exanple 9, 2 mM of an HC sol ution,

prepared from5 m of 1,1- difluoroethane and 15.9

m jiters of ' '

t e[tgpgifslluor oe@hegﬁggleﬁsj@géta Wi t1 Egl{ljly“fg{}%%a??déﬁ%%)fls %ﬂ of L1-

palifinenoethdid andddi% nderolieess ©blal 688 dmblyL t HEI dolmpomiigel,1,1,2-

addition of 1 m of ap ethylal um numdichloride .
ortBiohankapia SaShraht Grmtion o} prisieoeritanadditien was
A%RowE ! iheCdiPpQlis@ additioA0d b Al I&Y:ﬁ;ils?l'ﬁg% | tilngrrr]l dichloride

dichloridé solution in hexane. This
r esolHtoadpreparéd fromx § onl of 1,polifjurgoetRane] 9011403 nhioroditaspl @ 1.0

10 : ' thyl chloide, ld not .
o't Enplsbihol R Bl 1o ST e oo ¥ RS in

bl feftfatfodrofipoBnsg@ond pol yneri zation test. Exanple 10
is a conparative exanple. Table 3a a : Conversion is
reported on the basis of the total nononers added at

t i nni e ' nyer sian
e R i B e N
c affeetiwily fittefed to panidecormnph diludnt bNad fenthe gBcahidl pedytherization
coul d_be col |l ected for . eneraﬁion of Polymer 2 [00130]
THES e KAAPPIEL 0ilh2 CABPHRUECT 2RI abl es show t hat t he
separation of slurries fornmed in diluents conprising

hydr of | ur ocar bons occurs faster than slurries forned

in nmethyl chloride diluents. Polynmer particles forned

in diluents conprising hydrofl uorocarbons absorb | ess

of the diluent and are |less sticky. Additionally, the
density difference between rubber and R 34a is

greater than the density difference between rubber and
nmet hyl chloride. This increased density difference
coupled with the less sticky nature of the pol yner
particles facilitates separation of the solid and

l'iquid phases. This allows surprisingly faster

separation of the polynmer and diluent by a nunber of

t echni ques herein. Such



results can not be achieved with nethyl chloride
slurries. [00131] Al patents and patent applications,

wa mes/oEsscedur es (such as ASTM net hods), and ad®US2004/019994

docunents cited herein are fuIIy i ncor porated by
reference to the extent such®isclosure is not
inconsistent wwth this invention and for al
jurisdictions in which such incqgrporation is
permitted. [00132] Wien nud@Plecdi| |ower linits and
numerical upper limts are listed herein, ranges from
any lower limt to any upper limt are '

cont enplCatabst. | 00133] Wi | e thotymek Lust rlati ve Polymer 2
enbodi mYotwneof Chroeisivuent i M have beern desersidned W, h
Examplecul dmhty] i t(witio) | bexuﬁﬂerswbmd,thauwvm}iou&ﬂoa_ M,/M,

other nodjficatio w ppar 0 and can| be
régdily %e by tﬁ%se Skl“ﬁg ?ﬁe art vt hout 129 2.3

departiin romthe spiri >co the 1 nvepti
Aggording'é, [t |§4not inﬁgﬁde ggt tlhe é%bpe &%e 2.0

cl,ai mg| appended hereto be m tfthe e anples and
dégcriptfgﬁs set %%rth 1efg?n out3§atrer tRat the ° b

cl ai nrs be construed as enconpaSS|ng alT the features
of pateptable novelty which reside in the present
i Avent i(CORYESIRB 1§ deRRyted] I theabasisedl theitetdl mappmepreadded at the

art to R REAPEVaReHBnED TRY (OhE o) dod e
CLAI I\/ElDOlYS'AeHZatldn ighehouh bhihe separsonsfor edchrexymple.

e S ool GBS G oy st 5

hydr of | uor ocar bon(s) (HFC) and applying an effective

ampunt of force to the slurry to obtain polyner
p&?qlﬁel es. JThepxamples fiwtheopree¢dingriablesyghewethat thaescparaigen of

r t|0 r f cl alm
PSS ML D0l 'S S TR SHEIT By,
ofluctiesi fmn’hed MQEtﬁyhc}ﬂbmadef diheats! Sl)cﬂyrﬁafﬁzfrllélblgﬁirmﬁz@ Hi€ @iluents

AN L LR R TG -
1’Ad‘M‘tﬁfn§ll§‘ thd BerBRY AR befWEenGubBer ah@ R 18ka i €48kter than the
den51ty difference between rubber and methyl chloride. This increased density
difference coupled with the less sticky nature of the polymer particles facilitates
separation of the solid and liquid phases. This allows surprisingly faster

separation of the polymer and diluent by a number of techniques herein. Such

results can not be achieved with methyl chloride slurries.

[00131] All patents and patent applications, test procedures (such as ASTM
methods), and other documents cited herein are fully incorporated by reference to
the extent such disclosure is not inconsistent with this invention and for all

jurisdictions in which such incorporation is permitted.

[00132] When numerical lower limits and numerical upper limits are listed

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




G 7. The nethod of claim4, wherein the centrifuga
force is fromat |east 5 000 G 8. The nethod of claim
woRoosxms®i n the centrifugal force is fromat |RPEABUS2004/019994
10,000 G 9. The nmethod of claim1, wherein the force
applied is provided by a hyd?%cyclone 10. The net hod

of any of the preceding clains, wherein the polyner
particles have a diluent mass uptake of less than 4
@611 The net hod of any of the preceding clains,
WBWI t hemﬂieyﬁﬁrlllﬂﬁfativﬁl @rﬁb&ﬁr\h@n@ &t tdefvedtShave been
e of less than . The nethod of any of
t Hescpbetwith pgrtichirits | xt mﬂlebeeundersﬁ@oqotdmwﬁemup arhter m0ésﬁcatlons
have.a dil uent ta ha
neth 58 aapwgﬁkjtoo%%f G5 BT B (b0 ot 8, Pfoue

PRéparEg Prdhi |tl€‘é Qérlh%@ 3@0168 bbeR¢ imRmSonPt Ak®rdifiglyessis not
than wt % he net hod of any of the precedi ng

cumndsd tlm éh€e$Q°?pG € twlyﬁﬁrappmeﬁéleé'éo ke Jigniteddp It}EF‘e?Pfamples
d%?q(rﬁ)lt(lgnéj fsel] ﬂl %utr’ %ﬁ}e/f’ tﬂa@ th%h&algﬁt Q@ Q:oﬂgtrued as

any o rece lng a ns, erein e one or

hylﬁb’o@fﬂaMﬂg)@Hrtb@ Ifdeﬁl)res of papﬁtablerﬁcﬁzéltbyvmdfte résuiennnl the present

CxHyFz wherein x_ is an i ger froml to 4 a and

o ngpatomiagudie 8H oo EouId b Trfied ds Chuda BY TR by
1 e nethod of claim
1§1,OS ep%l“gltﬁe :pug té {r;vg%h%héﬁvmlo ?ﬂaﬁg net hod of claim
15, wherein x is from1l to 3. 19. The nethod of any of
t he preceding clains, wherein the one or nore
hydr of | uor ocarbon(s) is independently selected from
the group consisting of fiuoronethane;
di fl uoronet hane; trifluoronmethane; fluoroethane; 1, 1-
di fl uor oet hane; 1, 2-difl uoroet hane;
1,1,1-trifluoroethane; 1,1, 2-



trifluoroethane; 1,1,1 ,2-tetrafl uoroethane;
1,1, 2, 2-tetrafl uoroet hane;
wal20k6/0098502- pent af | uor oet hane; 1-fl uor opr opane;PCT/US2004/019994
2-fl uoropropane; 1,1- difluoropropane;
2-di fl uoropropane; 1, 3-difBuoropropane; 2, 2-
| uor opropane; 1,1, 1-trifl uoropropane;
2-trifluoropropane; 1,1,3- trifluoropropane;
2-trifluoropropane; 1,CLAIMEI fl| uoropropane;
1,2-tetrafl uoropropane; 1,1,1
e
A

1,
di f
1,1,
1,2,
1,1,

t raf |l uoropropane; 1,1, 2,2-tetrafl uoropropane;
WHATISIELABEDASOPr opane;

, 3-tetrafl uoropropane; 1,2, 2, 3-
e Iuoropropane 1,1,1, 2, 2- pentafluoropropane

:1 v %‘ 3“%@‘%? at? oﬁ%%ﬁ%ggﬁ%& foTp%neéltss the method comprising

e bbmhﬁ@g opagleiry ledmgrising- ;Dedhhﬁtfnt Ustn@ifsiipangie or more
, 3- hexaf | uor opr opane
byéro@uﬂ@ggpp%} %)pg}gieappiyuig gn gifgctye amount of force to

3- hept af | uor opr opane;
H%;g ? mn} &F% P%g?ggane 1-fl uor obut ane;

or obut ane; 1-di f |l uor obut ane;

&:huor gftﬂ?t%?fgalm%l g"hgmflll} ogg%gtﬁagﬁr@wtatmnal force.

i fluorobutane; 1,1,1-trifluorobutane; 1,1, 2-

fl uorobutane; 1,1, 3 trlfluorobutane

{The methndoficlaime, whezimthetgravitationad fercaisel G.
trifluorobutane; 1,3,3-trifluorobutane; 2,2, 3-
uor obutane; 1,1,1 ,2-tetrafluorobutane; 1,1,1

t mhgé Irrwﬂmlbiﬂcm, 1, iluhkreln thetfeice af 4 c@m@@gﬁl&hm
tetrafluorobutane 1,1, 2, 3- tetrafl uorobut ane;

1
1,1, 3,
tetra
1,1,1
1,1, 1,
pent a
1,1,1
1,1,1,
hexaf |
1,1,1
2-flu
1,.2-di
124- di
2,3-d
tri

131,
1,2
tri

3-

.i:
t

4-
3-

I

e

2, 2-

2,4-tetrafl uorobutane; 1,1, 3, 3-tetrafl uorobut ane;

3, él"ht‘: ‘?ﬁertl?(fd Jl&ihﬁa a\Qﬁ‘ereﬂ-l tille% rﬂnh?gtaf ﬁfr#éﬁgrfp ta@'ﬂeeast 500
2, 3- tetraf or obut ane; 5 tetrarl uor obut ane;

3, &.tetrafl uorobutane; 1, 2 3 4 tetrafl uorobut ane;
, 3, 3-
ta
1
1
a
2
2

- o -

, 3-tetrafluorobutane; 1,1,1, 2, 2-
fluorobutane; 1,1,1, 2,3 -pentafl uorobut ane;
, 1, z‘hémdﬂﬁﬁit&fclldiﬁr@ bﬂieﬁ’,nl@the centrifugal force is from at least 1,000
3- pentafluorobutane 1,1,1, 3, 4-
Khorobutane 1,1, 1,4, 4- pentafluorobutane
, 2, 3- pentafl uor obut ane;
, 2, 4-pent af | uor obutane; 1,1, 2, 3, 3-
The method of claim 4, wherein the centrifugal force is from at least 5,000

G.

N O~

— -
fanrigs

o -
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8. The method of claim 4, wherein the centrifugal force is from at least

10,000 G.

9. The method of claim 1, wherein the force applied is provided by a
hydrocyclone.

10.  The method of any of the preceding claims, wherein the polymer particles

have a diluent mass uptake of less than 4 wt%.



pent af | uor obut ane; 1,1, 2, 4, 4- pent af | uor obut ane;
1,1, 3, 3,4- pentafl uorobut ane;
wd 2@6/Ma09858- pent af | uor obut ane; 1, 2, 2, 3, 4- PCT/US2004/019994
pent af | uor obut ane; 1,1, 1, 2, 2, 3- hexaf | uor obut ane;
1,1,1,2,2,4- hexafl uorobut ané4
1,1,1, 2, 3, 3- hexaf |l uorobutane, 1,1,1, 2, 3, 4-
hexaf | uor obutane; 1,1, 1, 2, 4, 4- hexaf | uor obut ane;
1 , 1,3, 3,4- hexafl uorobut ane;
, 1

1, e | uo n

i Seb bR nd b mer il
,&ﬁ%é&NﬁMﬁﬁ@m&&ﬁﬂﬂﬂﬁﬂmn3w@&

a

f
2
2,2,4, 4- hexafl uorobut ane; 1,1, 2, 3, 3, 4-
fl uorobutane; 1,1, 2, 3, 4, 4- hexaf |l uor obut ane;
Z%h"‘et RO PROfing cl herein the pol

ke, gm %&ﬁept #ﬁjorg{?ut fing ¢ aims, wherein the polymer particles
1
, 1
ta
1

SR, IEF

e
e
11

: :haQq aﬂ,dﬂudmeptasehhpjakeaﬁutsamlaam 2 wt%.

,2,2,3,4-hept af l uorobutane; 1,1,1, 2,3, 3, 4-

fluorobutane 1,1,1, 2, 3,4, 4- hept af | uor obut ane;

: ,T%e Ineédhott othaﬁﬁt&fthélﬁfe@éﬁ-iﬁgeﬁlmg- swhefein the polymer particles
4, 4- hept af | uor obut ane, 2,3,3,4-

| bavebdileenemass uptakexfless than, Uwét af | uor obut ane;

,2,3 3,4,4- octafluorobutane; 1,1,1

, 4,4, 4-oct af l uorobutane; 1,1,1 ,2,3,4,4,4-

f | Obe elyghNes and, of the p&cedlﬁ%&aﬂnﬁmraﬁ kheopsHmEBRdicles
1,2,2,3,4,4,4- nonafl yorobuta

uohavea %lffm mapsoRiske: of less thanQ. 3 9it%- 2-

yl pr opane; 3-di fl uoro-2-net hyl propane;

: ,I-trlfluoro-z- met hyl pr opane;

16, 3- tlihefrhetbod-oZ-amgt dfythprppadelg tlaBngdi whetreihoth2-one or more

fluor thyl )propane; 1,1,1 . .

3.t et ?‘g&IIOE%P‘g? %r%ﬁ%@}]m Wp%%mgi by tla_e g)rgnula: CH,F, wherein x is

et raf Ly piepe? 'ﬁ‘E‘?ﬁ nYd 6 AREP8id z are integers of one or more.
,1,3-trifluoro-2-(fluoronethyl)propane; 1,1,1

3 3 pentafluoro 2- et hyl pr opane;

f Iuoro rqpane; 1,1,1

18, ot b FlsaRd S, Shet P g

orocycl obut ane; 1, 1- dlfluorocyclobutane
dlfluorocyclobutane 1, 3- dlfluorocyclobutane

. 2- thhe methsidpfrlainpds Ahereimx is fom 1to 6
|quorocycIobutane 1,2,3-trifluorocycl obut ane;

, 1,2, 2- tetrafluorocyclobutane;

18, 3, Iht etettafd afetamyldl eheteaneis filgm 120 2, 3-

RoRRRR

NNC

19. The method of any of the preceding claims, wherein the one or more
hydrofluorocarbon(s) is independently selected from the group consisting
of fluoromethane; difluoromethane; trifluoromethane; fluoroethane; 1,1-
difluoroethane; 1,2-difluoroethane; 1,1,1-trifluoroethane; 1,1,2-
trifluoroethane; 1,1,1,2-tetrafluoroethane; 1,1,2,2-tetrafluoroethane;
1,1,1,2,2-pentafluoroethane;  1-fluoropropane; 2-fluoropropane; 1,1-
difluoropropane; 1,2-difluoropropane; 1,3-difluoropropane;  2,2-
difluoropropane; 1,1,1-trifluvoropropane; 1,1,2-trifluoropropane; 1,1,3-

trifluoropropane; 1,2,2-trifluoropropane; 1,2,3-trifluoropropane; 1,1,1,2-



pent af | uor ocycl obut ane;

1,1, 2,3, 3-pentafl uorocycl obutane; 1,1, 2,2, 3, 3-
wahmrabdossor ocycl obut ane; PCT/US2004/019994

1,1, 2,2, 3, 4-hexafl uorocycl obutane; 1,1, 2,3, 3, 4-

hexafluorocyclobutane 1,1,2,%,3,

3, 4- heptafluorocyclobutane V|nyI fluoride;

1, 1-difl uoroet hene; 1, 2-difl uoroethene;
2. ttetrafiupsersepanend;l, h3- tﬁftra@elpm@rwenel,lﬂ 2- tetraﬂuoropropane
di f{ PQ@%&%@&%@&@%}% di T1ygrop rté%x% uoroprdpane 1,2,2,3-

or Gpr open uor opt opene,

di fttwdhwpoppeae; 1, 1, 2,1 ltlt-fplenlt@ﬂﬁmpﬁ@aﬁe 1,1,1,2,3-
trlfluorog)opene 3-trifluoropropene; 1,3, 3-
I

, 1,
, 1-
iflu
3-
1, 3-

ud¥8 pape;3 3. t 1f=l SiSrrsptadlyerppropane; 1,1,2,2,3-
3 tﬂehfak]ﬂ@fo%ﬁfﬂﬁﬁ@ne Ir.{ buof. Eentgﬂ&%]?rgﬁéne' 1,1,1,2,2,3-
u
uo

oro-|-butene; 3-fluoro-12:
orhsxaflusmoprnpanel , 1- dal,llﬂl 2d3 chexafudreprepane; 1,1,1,3,3,3-
i

fluo but ene; or o ene;
R GromRB D 3 1o PR obepabeRpopner * 1,1,12.33,3-
fHep@fQolopliphgslel fﬁlo?l)'buginfel Qoﬂﬁbrébltih'ﬁee Nei- d1ﬂu0£obutane

di

-di

di fl uoro-|-butene; 4,4-difluoro-I-butene:’

i f | udsdiflugrabataae; 1, 1,3diflupfobuene.- | - lb;ﬁt—tbﬂeprobutane 2,2-

T R A
4-
4

ttlﬂucﬁrbblmane 1- but Beatfluctobhitabret ri 11 wwrﬂ}ubrdwtaﬁaee 1,2,2-
, 3- fl uoro- I-butene 2,3, 4- trifluoro-1- but ene’

, tt’i‘h?‘?rﬂ wiang; - pl2etrriflupraputane;  f | .drsiffuombutane;  2,2,3-
, Lifh 1-p fl o

AP R e S AR BT O S
1- but ede ﬁ,1tﬂﬂﬁhw3ﬂm@meafluorhlzxymunﬂmmwbﬂmﬁgs 4- 1,1,2,3-

tetrafl ut en 4. 4-1 rafluoro

1,2,3 ﬂg‘{’?"}ff‘%ﬂ&r ol Z4 %Haélr?@m tageg 4 8tf‘”rf{1{9f®wtane
- but ene 1 142et€aﬂ4rokﬂmfaa%l uor o- | 1z1buie€raﬁuor@>bu§a€e 4= 1223-
tetrafluoro- 1- but ene; 3,4, 4-tetrafluoro- 1-butene

1, 4, 4, &etadiuprabpiaseo- 112,2 mtmorobu@ns,, -1t2e$ 6aetra1hmmuutane
- but en ] uor ol .

t etraf ﬁuzéfgﬁet%f@' EO%Ma%?, 3, 424 3b)3j%r il uré)l’bBtan‘i but ehd:1-2:2-
3, 4, 4, pettefluabbutoned- 1- buﬂﬁ[B?3-p&ntiﬂ120r3b1&a1ﬁB?nt afl upng;2 4-
1- butene pentafluoro- 1- but

1,1, 2, Rer&a%wéwtﬂ%r o- 1- bl én%PefltaEU%Obsutane 1,1,1,3,4-
, 4- penpafhi@sobutdaddut ene; 1 114 @Pénté ud}Sﬁ‘&té‘xié uoro-1y 1553

-butene 1,1, 4, 4, 4- pent af | 'uor 6- ut ene; 2,3,3,4°7

pent af peaiducrobusaeene:; 1, B]32,244- -peqafiabbutane- | 1,1,2,3,3-

- but engentg'ﬂudrébu%ane; 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-
hexafluorobutane; 1,1,2,3,4,4-hexafluorobutane; 1,2,2,3,3,4-

hexafluorobutane; 1,1,1,2,2,3,3-heptafluorobutane; 1,1,1,2,2,4 4-



pent af l uoro-1 -butene; 2,3, 3,4, 4-pent af | uor o-
-butene; 2,3,4,4,4- pentafluoro-1 -butene;
W02086/6098504- pent af | uoro-1 -butene; 1,1, 2,3, 3, 4-PCT/US2004/019994
hexaf | uoro- 1-butene; 1,1, 2,3, 4, 4-hexafl uoro-
1-butene: 1,1,2,4,4,4- hexafloro-1 -butene;
1,2,3,3,4, 4- hexafluoro I -butene 1,2,3,4,4, 4-

hexaf | gloro 1 l%utene 3,4, 4, 4-hexafl uoro-|
_but endicpaflyorbytage;;’ 4. Illmép’{%nﬁi dspdluprabytaspe:  1,1,1,2,3,34-

1,1,2, %eﬁtaﬁuéro%ﬁehélf' uof ?,% ,%3,g,uﬁ%$_uérojou§bp§,uor ol,l‘hl,z 4,4.4-

hept afluoro 1 -'but €ne; , 3, 4, ept
- but endiepteflubrpbntane;- bl]lﬂGhEB,} 424—ﬁép1aﬂ1mr<2bmdm¢t enet,1,1,2,2,3,3,4-

I,1-difl 0- 2- but ene; dj f1 uor ut ene;

1. 3-di chf?gt;%mi’utaﬂﬁt enel’ ; %4’f4r9fé?r 050 ne; 1,1,1,2,3,3,4,4-

2, 3- di fdctfRorbubidbene; 1,11,1,3.> 2144 4L dctdfHOFbudingUt oeL1.2,3.4.4.4-
1, 2-trifluoro-2- butene f,l 3-trifluoro-2 -but

|
1, 1, 4- octafluprabuigng; - b,lltle?hé3 314,4-ng@nafhiordtare; 2 -lblut éﬁé‘,,4,4,4
1

’ ’2 iéelt ﬁng) {11{11%6?{))191.5 B;Jteﬁgel {lu(]_ro ﬂ'methylpropane 1,1-difluoro-2-
, 3- t et madthylpropae; but enSvdlﬂuo'ko-'Q,-lﬁethy Tpropane 1,1,1-trifluoro-2-
tetrafl uoyo-2-butene; 2, 3-tetrafl uoro- 2- buf ene;

1, 1, 2, Mgthylpropangsy o- ol, l;éutp@ﬁgro J-ngetlyIpropane; 1,3-difluoro-2-

tet rﬁﬁé)l?ﬁ{cquy?pg&btaﬁge’ 11},1,8%Il_tet]_aﬂuoro-2-methylpropane; 1,1,3,3-

4-
2,3-penta but’ene;

2, 4- peﬂtaﬂulotmiinla@h}ﬂpltopmm, 1 ]1,,1],3 triﬂuoro 2-(fluoromethyl)propane;
3,4

e

l,uor ene
taf nlgafg 9P Q’ 1mqth3ﬂpr:§’pﬁnepent af | uor d-b3 Buietgafluoro-2-

n

, 1, 2, 4fldoroRR hQ- 2- bUI?n%-tﬂrﬁ oro-2-(fl th
,2,3,4 f%hexafltl}tg?oOkzllﬁ',lbutene f ?2?40 (fluoromethylpropane;
hexaf | dbwercyclpbetenss; ] I_Ldnﬂuprocacwbuxahexlaﬂduhrome@cmbumne;, 1,3-
1,1,1 , f ] uoro-2- ]
1,2,3, A?Af}l%ﬁo%apﬂ%é%r - 2- but eﬁ f'inquofbcycmbmane 11,3
, 2, 3, 4 Mfllapéyaidbuaine; 2- but eﬂ@ﬁ -trifluorocyclobutane; 1,1,2,2-
[,1,1,2,4,4,4-hept af | uor o- 2 but ene; and m xtures
t her eoi‘etraé]@"ro?ﬁ@oh‘ﬁ?’??@d ofl. hAy-tetraliugsogyclabaianey  1,1,2,2,3-
cl ai ms peMRBESHE A e qr F I on )
is i ndggendent ; ibgtéggi eg lférrg%e}%eﬁyaqﬁl%dﬁgaggﬁgiwgt H)Z 21’3’3
fl uor oﬂrexdihnmcydlnbhtam,onht B 2re4-htxdffdormy clobtitand) e, 1 1 ,2,3,3,4-
1

, 1-di oeth roethane, 1.1,1
, 2-tet SEF} 8F°c9¥fﬂ ’andl ht%é’{xbg fcyclobytaneppe vinyl

et hod flabridayi, D—fdlﬂlﬂﬁodﬁﬁ&ﬁed'ﬁ@iﬂ%bﬁkﬂﬁne "\m@rﬁt'rl@lut)fb%t ene; 1-
di | uent. conprises from 15 to 100 vol umg % HFC base

upon t Haoroprapens:ol urkel -difluptepratiehesent .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-butene; 3,3-
difluoro-1-butene; 3,4-difluoro-1-butene; 4,4-difluoro-1-butene; 1,1,2-
trifluoro-1-butene; 1,1,3-trifluoro-1-butene; 1,1,4-trifluoro-1-butene; 1,2,3-
trifluoro-1-butene; 1,2,4-trifluoro-1-butene; 1,3,3-trifluoro-1-butene; 1,3,4-
trifluoro-1-butene; 1,4,4-trifluoro-1-butene; 2,3,3-trifluoro-1-butene; 2,3,4-



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

the diluent conprises from20 to 100 vol une % HFC
whamwedosdpon t he total volune of the diluent. 2BCT/T§04/019994

nmet hod of any of the precedi n% cl ai ms, wherein the

di | uent conprises from25 to%100 vol une % HFC based

upon the total volune of the diluent. 24. The nethod

of any of the precedi ng c|ainms, wherein the dil uent

f ur t hefeniprli-Ryene; 2 FrM%émut%ehéﬁﬂrt@lébpr%-butene; 3,4.4-

ol ef i N AL AT LAEhd; N8 114 BRfiord: P-bufhe; el Ba% el Butene;

24, V\herrlg‘i]rkﬁ()t h%lﬁﬂildro’cér%onolrs auﬁgl ogénat ed o utene;

hydr ocdslhdA-tetrdfbord-hdmtean; HFC,1 3@ -tetdaduoret hbatend; cl din3,4-

25, wherein the hal ogepated hydrocarbon is yl
chi or | guraoto gy DS et h gt o o deh yetafiuoro- -
cl ai ns buihier b1 4-ReraRbBIEbuiAL; 1,8 4aSicRAfuARO IYEREIZ A% 3 4-

by a continuous process. 28. The nethod of any of fhé
pr eceditetepilsiorg- butenpier b 4.4 tstraflenrpriebutpns; t i1c4,4.9-tetrafluoro-1-

e’ moekacr dny EBeh BN PR A LR RAGR B e+

pol ynetetpdlubic-| Batedée 3,8as-datfeorbhabutthe did 480ktrafRdro-1-
The nmet hod of any of the preceding clains, wherein the

pol ynebusaes i &il a3, dnrpailacrorlsbiens| elnb28akaentaBiogent rhattenc;
31. Th C i e L. Sop! n )
based gbl%%%ngpggtﬁbg}l t;%?r%’r yg?ﬁ?géﬂ@ W@ngﬂgnh& F.13.44
i sopr epentaB@oroTlhbutenet; hod bl 404, 4ipentdflyorakiebeeme;t he 1,2,3.3,4-

i sobutyl ene based pol yner re copolyners of
i sobut %F’étﬁgu%fﬂbl 'g‘ﬁgnaq’kyl si@%n ?’pﬁ‘e‘@hé‘i’rﬁb}l'g}mene’ 1,2,4,4.4-
met Nyl pEiafiGo- IMBEtEnd" ef €5,8D] 4/4 peBRRNLSI-YEERS. 332,344 4-

The nethod of claim 30, wherein the isobutyl ene based
pol yneipsntafleoradnbigeney mer 9,304,4 dspentaflpoemé-buae; Thel,1,2,3,3,4-

e B Pl P A Sy AT (1200
hexafluoro-1-butene; 1,2,3,3,4,4-hexafluoro-1-butene; 1,2,3,4,4,4-
hexafluoro-1-butene;  2,3,3,4,4,4-hexafluoro-1-butene; 1,1,2,3,3,4,4-
heptafluoro-1-butene; 1,1,2,3,4,4,4-heptafluoro-1-butene; 1,1,3,3,4,4,4-
heptafluoro-1-butene;  1,2,3,3,4,4,4-heptafluoro-1-butene;  1-fluoro-2-
butene; 2-fluoro-2-butene; 1,1-difluoro-2-butene; 1,2-difluoro-2-butene;
1,3-difluoro-2-butene; 1,4-difluoro-2-butene; 2,3-difluro-2-butene; 1,1,1-
trifluoro-2-butene; 1,1,2-trifluoro-2-butene; 1,1,3-trifluoro-2-butene; 1,1,4-
trifluoro-2-butene;  1,2,3-trifluoro-2-butene; 1,2,4-trifluoro-2-butene;
1,1,1,2-tetrafluoro-2-butene; 1,1,1,3-tetrafluoro-2-butene; 1,1,1,4-
tetrafluoro-2-butene; 1,1,2,3-tetrafluoro-2-butene; 1,1,2,4-tetrafluoro-2-
butene; 1,2,3,4-tetrafluoro-2-butene; 1,1,1,2,3-pentafluoro-2-butene;
1,1,1,2,4-pentafluoro-2-butene; 1,1,1,3,4-pentafluoro-2-butene; 1,1,1,4,4-
pentafluoro-2-butene; 1,1,2,3,4-pentafluoro-2-butene; 1,1,2,4,4-
pentafluoro-2-butene; 1,1,1,2,3,4-hexafluoro-2-butene; 1,1,1,2.4.4-
hexafluoro-2-butene; 1,1,1,3,4,4-hexafluoro-2-butene; 1,1,1,4,4,4-
hexafluoro-2-butene; 1,1,2,3,4,4-hexafluoro-2-butene; 1,1,1,2,3,4,4-



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

the polyner particles are fromat least 40 m 36. The
wombdiadsef any of clainms 1-33, wherein the polPOTErS2004/019994

particles are from0.1 mto 200.0 m 37. The nethod of

any of clains 1-33, wherein t¥e polyner particles are

from30 mto 200 m 38. A nethod for separating slurry

conponents the nethod conprising providing a first

sl ur ry hegtafupe-2duieney | lubh2, “bfpepafineroshbutone; moné mixtures

hydroflpﬁrgparbon(s) (HFC) and passing the first

slurry rough a device to obtain a second slurry, to

obtai n polynmer particles. Repl acement Sheet 39. The

met hod Qf claim 38, wherein the second slurry has a

sl r y ﬁﬁn@éﬂl"ﬂa‘f i &y gF dha Breceding clasmsswhetejn the one or more

concenty t

claim 3 Ic')drﬂu?’(}r&fa\rl\li?lastg|lé fn?lfﬁ%éﬂ e{l/ﬁi%/(seelécge%y?ﬁ ?‘gré? 8'%)18(§n51stmg

The netdfdilhan@meﬂhameﬁddﬂuormimethane) tifleofonmsthank, 1 Nedifludrdéthane,

slurry i ent rface of the filter. 42.
The medhbl GROEPSh e o1 LirdseBithofRdap pdmistisrhired!
nmedi a havi ng di aneters or cross-sections |ess than the

di anmeters or cross-sections of the polyner particles.
421. Thelheunetbed of anyl ef the peceding claims, twherdin Itllleedlluent comprises

aot ¢ A iR PO bR kAT Lulin it B B4 S itoen.

| east 40% of the polymer particles passing through the
filter. The npethod of claim40, wherein the filter

cApr | s@@ %h%%w fgheipssediag slaghs, syhssein deecdijusptcomprises
I th
S0t MR oD%, PFTLEE 9 PECHURAPIRGHE A2 Rfudd Sheliiyen.

| east 50%0 e polyner artl passi ng
filter. 45. The net hod of cIa|m40 wherein the filter

CeBR" | MR b i dnd bRCEliEE e CYIgRan B dilG smprises
| eaSt 6% 25 td T® mhﬁ‘nm HP@ Bas&d §sonRAS &A1 YoldmONa e bitGent.

filter.

24, The method of any of the preceding claims, wherein the diluent further

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

25.  The method of claim 24, wherein the hydrocarbon is a halogenated
hydrocarbon other than an HFC.

26.  The method of claim 25, wherein the halogenated hydrocarbon is methyl

chloride.

27.  The method of any of the preceding claims, wherein the polymer particles

are polymerized by a continuous process.

28.  The method of any of the preceding claims, wherein the polymer particles

are polymerized by a cationic polymerization process.



46. The nethod of any of clains 38-45, wherein the
pol ynmer particles have a diluent nmass uptake of |ess

wda fvas10095t % 47. The nmet hod of any of clai ns I8TAES2004/019994
wherein the polynmer particles have a diluent nmass
upt ake of less than 3 wt % 48.49The net hod of any of
clai ns 38-45, wherein the polyner particles have a
di l uent mass uptake of less than 2 wt% 49. The net hod
of29any Tife méthodref B8y dthe \pheeeding cldims POhorsm@Ith® poliyifet Particles
have a d| uent S ke of less than 1 wt% 50. The
met hod 3% '€ %@%%é‘?%‘% 45, wherein the pol yner
particles have a diluent mass uptake of |ess than 0.5
wt % 51. The nethod of any of clains 38-50, wherein
t 3. ond hermetbodofigrir off the pravedinp clxfisy, whereiaphe pelyiet piryicles

the fornul a: ggFf m@ergl X is an integer from1l to
40 and GYTRRE SORFE R PRGEPEYH e or nore. 52. The

met hod of claimb51, wherein x is from1l to 10. 53. The
nmet hod of claimb51, wherein x is from1l to 6. 54. The
métlhod Tde ot &1 ¢laigh&0eivhexein ghé isbutylers Basedolyihes are
met hod 0 38-54, wherein the one or nore
hydr of Icg ol Q%? Jfl% b)%{)@nelangésog Rdé&nt | y selected from
the group consisting of fluoronethane;

di_fl uoronet hane; trifluoromethane; fluoroethane; 1, 1-
di3&t uor tlﬁgﬁl?@d of daig 130 ucYYh@&"héh% isobutylene based polymers are
1,1, 1- 0 t

2+t ot CopT U e hacaR gy B gn ity IbHRlcE PLOAARY ey uyrene,
, 1, 1, @ peri¢rablyparastthglsgrent- f | uor opr opane;
-fl uoropropane; 1,1- difluoropropane;
, 2-di fl uoropropane; 1, 3-difluoropropane; 2, 2-
3@' UOITORI ABABE; of Leldinl 30! WHeHDK AR PRMBOGIene based polymers are
1,2-trifluoropropane; 1,1,3- trifluoropropane;
2. 2- themppelomspy Wfgsehstylane?. 3-tri f | uor opr opane:
1,1
-te
2
3,

PRRPOPRNPS

, ,2- tetrafluoropropane; 1,1,1
3-tetrafl uoropropane; 1,1, 2, 2- tetrafluoropropane

33, 2, Jheetdgtiadd Wr@pffab@fjﬁcedmg claims, wherein the polymer particles
1

3-tetraf uoropropane 1,2, 2, 3-
are from at least 30

S

35.  The method of any of the preceding claims, wherein the polymer particles

are from at least 40 p.

36.  The method of any of claims 1-33, wherein the polymer particles are from

0.1 p to 200.0 .

37.  The method of any of claims 1-33, wherein the polymer particles are from
30 pto 200 p.

38. A method for separating slurry components, the method comprising
providing a first slurry comprising a diluent comprising one or more
hydrofluorocarbon(s) (HFC) and passing the first slurry through a device

to obtain a second slurry, to obtain polymer particles.



tetrafl uoropropane; 1,1,1, 2, 2-pentafl uoropropane;
1,1,1, 2, 3- pentafl uoropropane;

wd 2p00985B- pent af | uor opr opane; PCT/US2004/019994

39.

40.

41.

42.

43..

45.

46.

47.

I—\I—‘HI—‘I—\I—‘H'

1,1,2,2, 3- pentafluoropropane

1,1, 2,3, 3-pentafl uoro 1,1,2,2, 3-
hexafluoropropane Q{ ﬁfmgﬁémﬁexafluoropropane

L, @%h%ﬂ%dﬁ%f ex ar}g? gvrrsx? ﬂgense’fOEd ]s_I]imé( %as3a glurry concentration
e@fe@éi fhak mrm&nc&ntfdtmroww fieslurgy.f | uor obut ane;

1,1-di fluorobutane; 1,2-difluorobutane;

1, 3-di fl uor obut ane; 1, 4-di fl uorobutane; 2, 2-

di f
1 IhAEMBN bR i 35 4 30/ MGG e isa fter o
1 1,3-trifluorobutane; 1,1,4-trifluorobutane; 1,2, 2-
|quoro ut ane; tri or ob
P‘H"qu}"&%ﬁu‘i%ﬁﬁhe@néﬁ% %Om ol 4519 gv%ib%nr@he* tapgentigl to the
1&ﬁ&g§fﬁ@@ﬂ?putane 1,1,1 ,3-tetrafl uorobut ane;
4-tetr Iuorobutane 1,1, 2, 2-tetrafl uorobut ane;
2,3- tetrafluorobutane; 1,1, 2, 4-tetrafl uorobutane;

1
1,
t r.af L. uoy.obyt ane tetraf r obut
,1}“ b e A0 BB tnelithr SosineSt Pegif Moy a8, Eangers or
» doss-skeliéisiads| thad shb dizAers br rods-SectiBhd Githe!po19RIEE pAYicles.
,2,3 4-tetrafl uorobutane; 2,2, 3, 3-tetrafl uorobut ane;

, 1,1, 2, 2- pentafluorobutane 1,1, 1

|21 RS a0, SRicid ok And SR SA ALLY SO Mo o

pecrbﬁs‘-steumsxtshastsah@ the 1:1,1a’knéker,s @r 4rqse-§¢mbhmﬁf®dsmtaareast 40%:of the
1,1,2, 2, 3- qentafluorob
1, polymar pasticles passing hyew efﬂtfrz 3, 3-

pentafluorobutane ; 1,1,2 4, 4- pentafluorobutane;

1,1, 3,3,4- pentafluorobutane; 1, 2,2, 3,

3 ”ﬁhmmﬁioa of cbumatie whtre:iu Ehesf,'llne—r qoepriaéyd media haviagealiamdters or

e RS Faaen e i AG S or brofscechipfi o ahleast 0% of the
1, ﬁolftmer &rﬁc]eﬁﬁaﬁ,’sﬁlglﬂl&bﬁguﬂﬁﬂﬂter 1,1,1

, 2,4, 4- hexaf | uorobutane; 1,1,1, 3,3, 4- hexaf | uor obut ane
; 1 1, 1,3,4,4- hexafluorobutane 1,1,1,4, 4, 4-

Te'iﬁéz}ngﬁlrgﬁ?ftc% 40, Wheleir? tife &t&é&%ﬂ%&é&%&? Ll‘)ta@fﬂﬁ;diarnete:rs or
, cross-sections less than the diameters or cross-sections of from at least 60% of the

polymer particles passing through the filter.

The method of any of claims 38-45, wherein the polymer particles have a diluent
mass uptake of less than 4 wt%.

The .method of any of claims 38-45, wherein the polymer particles have a diluent
mass uptake of less than 3 wt%.

SUBSTITUTE SHEET (RULE 26)



hexaf | uorobutane ; 1,1, 2, 2, 4, 4- hexaf | uor obut ane;
1,1, 2,3, 3,4- hexafl uorobutane; 1,

wa 2@68095561- hexaf | uor obut ane; 1, 2, 2, 3, 3, 4- PCT/US2004/019994
hexaf | uorobutane ; 1,1,1, 2,2, 3, 3- hept af | uor obut ane;
1,1,1,2,2, 4, 4- heptafluorobuﬁbne
1,1,1, 2,2, 3, 4-heptafl uorobutane; 1,1,1, 2, 3, 3, 4-
hept af | uorobut ane; 1, 1,1, 2, 3, 4, 4- hept af | uor obut ane;
148. 1, 2 hd metlbd dfesmiy aff]cleome Bl8t4§n avhereln thk, polymer particles have a
1,3, 3, é - he taflggr%qutaﬂ 1,2,2,3,3,4-
oct af | B\‘ Fb faghptake ol fess ?‘%“}é %. 4-oct af | uor obut ane:
1,1,1, 2,3, 3,4, 4- octafluorobutane 1,1,1
,2,2,4,4,4-octafl uorobutane; 1,1,1 ,2,3 ,4,4,4-
odPaf | Ube @m;hcuinef any, of claims 383453 whereim theafalyroeropartielpehave a
1,1,1, af | ane;
I-quoﬁg ?ﬁ ?ﬁ@?ﬁqgﬁ%tﬂ F“@%fluoro 2-
nethylpropane I, 3-di f I uor o- 2- met hyl pr opane;
[,l,I-trifluoro- 2. nmet hyl pr.opane;

| 50, 3- The qumdoofzanmfw%w <§|§aﬂ'§e Wheresn therpalyypey- particles have a
fl
( I ?Ofgﬂﬁér{ﬂ a} Sttﬁal} pr opane 1,1,3, 3-

étrafluoro 2- nethylpropane

,5£ é’g{;{ lm%} (221'}9%;? ' on&tl % %€58pawnherem the one oOr more

1 3 By @I%Hﬁ&fokéfﬁf)ﬂls)zls &E*e@&ft&f@? I IRMARATEH, B, Whérein x is

uor orretmgz pr opane;
oey mtmﬁamel to140largh ¥ angbz areyetkgtssiobors; or more.

i fluorocycl obutane; 1, 3- difluorocycl obutane;
trifluorocycl obutane; 1,1, 3-

r
-d
, 2-
f 1 ughe et AU iching; 511wBer%Ui)Elsfﬂdiﬁ)ﬂQ6y0| obut ane;
.2, 2- tetrafl uorocycl obut ane;
, 3,
t af
)2
f

I
t
1
1
1

3-tetrafl uorocycl obutane; 1,1, 2, 2, 3-
I
g’ﬂg%ﬁ%‘a ?Q%rﬂrﬁ W, e ein X is froni’ljt_c’) S’ 2 3,3

ent af 'uorocycl o But ane,

=l B o |—\_H'-*|—\|—\—'~'

iuorocyclobutane 1,1

|3 {:hetafdl giagli%giﬁl, grte?nn)? is om]ft03
, 2, 3,3,4-heptaf|uorocyclobutane; vinyl fluoride;

i fluoroethene; 1,2-difluoroethene;

- The f mgthodeRemy of- cldimer dpdeperierein the one or more

B%&lr%hggrﬁgepr%%&? g 1{1119 Ie];l er OﬁTe%{%%r}?dm Jtl’le group consisting
3
-t

3,3, 4-

prope Sropro

F Ui A RaRe dlﬂluoioraethaﬂd fthﬂﬁémﬂfeﬂﬂﬁ&eﬂuoroethane 1,1-

rifluoropropene;. 1,2, 3- trlfluoroPropen , 3, 3-
difluoroethane; 1,2-difluoroethane; 1,1,1 rlﬂuoroethane 1,1,2-

PWoRrRPRRRP I

trifluoroethane; 1,1,1,2-tetrafluoroethane; 1,1,2,2-tetrafluoroethane;
1,1,1,2,2-pentafluoroethane;  1-fluoropropane; 2-fluoropropane; 1,1-
difluoropropane; 1,2-difluoropropane; 1,3-difluoropropane;  2,2-
difluoropropane; 1,1,1-trifluoropropane; 1,1,2-trifluoropropane; 1,1,3-
trifluoropropane; 1,2,2-trifluoropropane; 1,2,3-trifluoropropane; 1,1,1,2-
tetrafluoropropane; 1,1,1,3-tetrafluoropropane; 1,1,2,2-tetrafluoropropane;
1,1,2,3-tetrafluoropropane; 1,1,3,3-tetrafluoropropane; 1,2,2,3-
tetrafluoropropane; 1,1,1,2,2-pentafluoropropane; 1,1,1,2,3-
pentafluoropropane; 1,1,1,3,3-pentafluoropropane; 1,1,2,2,3-



trifluoropropene; 2,3,3-trifluoropropene;
3,3,3-trifluoropropene; 1-fluoro- 1-butene;
wQ@z2dob/0esse | - but ene; 3-fl uoro-1I -butene; PCT/US2004/019994
4-fluoro-|-butene; 1,1- difluoro-1-butene;
1, 2-difluoro-I|-butene; 1, 3-di2f| uoropropene; 1, 4-
i fluoro-1-butene; 2,3-difluoro-I-butene;
,4-di fluoro-1|-butene; 3,3- difluoro-1-butene;
, 4- di fdntedluosdpripinene;  4].4;28,3-patabudropropamee; 1, 1,R1,2,2,3-

fl 1- but i.f but
r , ul{‘)errxgﬁ}“l@g@%gg%ut enéslflﬁfé g3 ﬁf*?ﬁoﬁgtpggei but dn!3:3:3-

4

 4- fiddafilotepRphadut ene;1 212 3,3%hedpkdfub hebut @net.2.3.3 3-
, 4- tralfluorglbut ene 1,;4 e?trlffl%g%al-butene

4
4-

aptafﬂuQNIEOpmbutleﬂleorolZJt@m 2-fluprobutene- 1.1xdifleprebutanc;

t trifl
oy b Drotipltiile | R AR R, 22
Siflusiobafahetor 023-diflhedButade; 1, 21 4-1tmt1mafdbumme~ 1,1,2-

3-
2,
tene 1,1,3 , 3- tetrafl uoro- 1- but ene;

af triftwornbutangyt ehd3-tiflporebutanest r Js ] ﬂtﬁ‘i‘%ﬂorﬁb‘ﬁﬁl‘teene 1,2,2-
3, oro - 72 3-
3 %_fﬁxg)i‘d;b%} gbr OI,P,B thphgl%%utane 1,3,3-trifluorobutane; ,2,3
4, tiftvetsbatdnepr 04|1; h2ttardluofobBtaBed t éflrla3-tamafloerobutane;
t ene; etrafl uoro- but ene; _

4. Wlded tegpﬁ%r,oguta&e but erle! ’%’g’t%mg{]%r‘tbé’t”}ngf | uor ol4!+2:3-
t enfétraﬁu&obﬁ‘taﬁe tej rqu 44 Anbrobdh&Ne ], 13, fidrafluorobutane;
raf l'uoro- 1-butene: 3,3 4, 4-tetrafl uoro- 1- but ene;

4, 4, B1{3et-teaRuomobutate; but erlet,4.#-t¢trafl@robutane; 1,2,2,3-

, 3- pen%}gf h#grg?g%al buég%’%f#ﬁ&épomﬁma dent %ffJ 1A fuorobutane;

u
etr

i
1
2
3
3
4
4
1
-b
t

2
2
2,
- bu
4,
u
t

1- bute Bt ene’

1,1,3, 32%@&@&&%@%@@ but eng,3,3LtelraBudroButane; 1,1,1,2,2-
pentafluoro 1 -butene; 1,1,4,4,4-pentafl uoro-|

" but enpentaflprabugane; pent a]f i &&%D‘lﬂtafﬂ)‘tﬂr@?’rﬁane 1,1,1,2,4-
1,23, 4%421%?6&{)& or O_ | g%nf Hertltafguo‘}?tfutadhe 1,1,1,3,4-

pent afPuoro éne; ent af ['uor o- |
- but enpentaf]@rdhutank: pent a]‘ ﬂﬂdr@peritaﬂxtﬂrebm@ne 1,1,2,2,3-

3, 3,4, 4, 4- pent.af | uor o- 2,3,3,4-
hexaf | B%‘F%é) uorolyiangn e Pg&g ‘ﬁpﬁmﬁé LeYiies- 1,1,2,3,.3-
1-but eg&ltaﬂuol'@%té‘neﬂf 4- hemlewbsm&ﬂu&ymm,, 1,1,3,3,4-
1,2,3,3, 4, 4-hexaf | toro-1 -butene; 1,2, 3 4.4

hexaf | portafluorcluiarene: 2. 31,3, ﬁ,,%pmth@mﬁblﬁm I- but bA&;3,4-

L2 Bt Lol £ S e ohyde? 3% 111224

hept af he@i@odbubuéene; 1, 213, 333-{%e>ée.ﬂ4ioi‘tfb|utaaél uor o- 11,1,1,2 3,4-

~buten %exalﬂ-ut)lollj)gtra(r)le 2 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-
hexafluorobutane; 1,1,2,3,4,4-hexafluorobutane; 1,2,2,3,3,4-
hexafluorobutane; 1,1,1,2,2,3,3-heptafluorobutane; 1,1,1,2,2.4,4-

heptafluorobutane; "1,1,1,2,2,3,4-heptafluorobutane; 1,1,1,2,3,3,4-
heptafluorobutane; 1,1,1,2,3,4,4-heptafluorobutane; 1,1,1,2,4,4,4-
heptafluorobutane; 1,1,1,3,3,4,4-heptafluorobutane; 1,1,1,2,2,3,3,4-
octafluorobutane; 1,1,1,2,2,3,4,4-octafluorobutane; 1,1,1,2,3,3,4,4-



but ene; 2-fluoro-2-butene; |,I|-difl uoro-2-butene;

|, 2-di fluoro-2-butene; |, 3-difluoro-2-butene;
wo 2ebsmddsbuor o- 2- but ene; 2, 3-di fl uro-2-but ene; BRCIWP32004/019994
trifluoro-2-butene; I,I1,2-trifl uoro-2-butene;

[,1,3-trifluoro-2-butene; 1,33 4- trifluoro-2-butene;
1,2,3-trifluoro-2-butene; 1,2,4-trifluoro-2-butene;

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

- t et pethflu@vbutaadut end; 1,2,28,414-odtafluorobutane; 1,1,1,2,3,4,4 4-

e

af |l uor.o- 2- butene; . 1, ,3-tetrafl yor o- 2- but ene;

2. ggt@épqrgpptaré@;o_blj&ﬁ%éﬁgﬁ-nonaﬂuoro utane; 1,1,1,22’3,4,4,4-
3

D Ww-

» ot iuofStue0- 2- PULBNGo-2lmiihdpropane; 1,1-difluoro-2-
-pentafl uoro-2-butene; 1,1,1
- pertlafipropare; 2- but,&dd]uotq-2;methylpropane; 1,1,1-trifluoro-2-
- pent.af | uor o- 2- but al, 1 51,4 4- ) .
o PUUDORBHE: ene - [ tiguers2-pieftfirpeases. o do-diflvoro-
2, {fldbromettl Bhlopie?- 21but $h&@raffuodo-d-methylpropane;  1,1,3,3-
4@%exaflug?gf%-butene; 1,1, 4 YProp
I

- 1 . 2a ’ -
trsraduoronirmethylpropane; | 3,141, dtmiduqap{2ddlugromatitl irepane;

xaf
Il’ .% ’éﬁhﬁ%ﬁéﬁ%ﬁﬁ%’%‘?‘%}@ﬂfr@h@gi, 1.1, 2, 3433 tetrafluoro-2-
pt a
(.

f (foromethppopene; 1,1,1,3-tetrafluoro-2-(fluoromethyl)propane;
1,2, 4,4, 4- hept af | ugro- 2- but ene; and m xtures

her eofluorsyclepigangs plsgifiprogxglopgtans; o 4rdifgregy clobutane; 1,3-
wher ei Rif 3o YBRbAANGDT € hydnaf 3 YoM QrasRAMBhe S 1,1,3-
indepenggnt(§ seF%gfed fromthe group)%onsisgﬁngof o
f | uor omifluvaoeycladbufaneor onmet hbdg;triflupfocydolrtmtehane,  1,1,2,2-
1,1-difluaroethane, 1.1,1 -trifluogroetha 1,1,1

"2t ot 1P HEREUTRGNEIE and T ACUFE RREPEOPUags, | Thk1223-
met hod peitafibrofcldbudingd 38-59,3-pMeinRbidcldiebthhdient 12,2 3 3-
conprises from15 to 100 vol une % HFC based upon the

total bherafkerasyclohetaes;| uleh?.2, 58 hexatlorasy plobutane; anl1.813,3,4-

cl ai ns . Ln..the, dil ty [ f 0Ot
700 voSartfroslRBhTaty' (0L 2SR FLERESOERMES A
di | uenfluoh&; MThdifimtrbahene! 1aMyiflabroethehersl, 3@-thiBluoroethene; 1-

wherein the diluent co ises from 25 ..100 volune %
HFC bagléaroaﬁaﬁn%he tlot-ATUQEPERRE NG tﬁé-&fﬂ%&ﬁr@e@e& 1,3-

The meyRdrrofen¥; of 2 8lRNIMRoH8pad; WBBL&RNodoPRpahd; uent 2-
further conprises a hydrocarbon, a non-reactive
ol ef i nirifumdépopens; i had3-trighsropddpenghel ,ABtthfldoropropenrd; m1,3,3-

60, wh ?rﬁf?ﬁo@ogrggen%}/ g[ff -?rrif?go?oﬁrgpglep %[3? 9—?rﬁ?&o?gpropene; 1-fluoro-

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

[ A
N~

T - -
D WNN™
=3 -

T hABDhW"

DN~
O W-

o -
—_ -

- Rk >-

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

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



hydr ocar bon ot her than an HFC. 62. The nmethod of claim

61, wherein the hal ogenated hydrocarbon is nethyl
wa@bkioenodsr 63. The met hod of any of cl ai ns 38-B2T/US2004/019994

wherein the polynmer particles are polynerized by a

conti nuous process. 64. The sethod of any of clains

38-63, wherein the polyner particles are polynerized

by a cationic polynerization process. 65. The nethod

of any bafene; B2 3H-Brafidoroviibiitend) I, ¢ 4petryfi@rodasitent 653,3,4-

are | ess dense than the_diluent. 66. The nethod of a

of cl ait¢taflagrosbuigag el %4t4hf§trg%wgrﬁérblﬁ%ﬁet i dbed4- tetrafluofo-1-
conpri %gteh§0@§t3y4 -RenRaeedniehe MEs 8. 46tZtéafﬂ1ﬁ' o TBIRAR: 94 4.4

cl aim 66, wherein the isobutyl énéd ’base yners are’
copol ymaraluofo-1-botent;y | B, 4a1redaﬂmup{lelmﬁene68 3 4[#1,4 tateetﬂweb 1-

of claim 66, n th I sobut ene

are cobHTeﬁﬁerﬁhéﬁ D68 Wr8nleb‘5 an> g?’%y B ?b“te“e
pref er ahyl y4 qeﬂehﬂfﬁbw-%ﬁteném‘iq 58 ﬂflféhﬁihlub!ro 1 butene 1,1,3,4,4-
ramet hyl st'yrene. 69. The nmethod of claim 66, wherein

the i s@butta wernd -butered pol i/r}élr%4@c@taﬂmmplobb}tms of 1,2,3,3,4-

i sobutyl en nmet h a 38-69

wher ei e’i“ﬁ@“%ﬂy%?“ bart i g’?@’s Xt?ﬁ%‘%ﬁo i"Ir‘{g"éxst 301t
71. Theemeflisre-10butamy Of zB@i,mpB&aﬁaorovmmew thez 3,4,4,4-
pol yner particles are fromat |east 40 m 72.

met hod PeRtaliugrodrbueng: s 36.594-Rimtallepro-1 hatepe yme’r 1,2,3,3,4-
par ti ches, bk g-é)%gé‘g@ 1 m 19 3208 theIg}uJ&"’l IR N0 2004 4.

any of "clalns wherei h’t'he ymer particles a

f r om 3Bexafluvora20butane; 1,2,3,3,4,4- hexaﬂuoro 1-butene; 1,2,3, 4 ,4,4-
hexafluoro-1-butene; 2,3,3.4,4,4-hexafluoro-1-butene; 1,1,2,3,3,4,4-
heptafluoro-1-butene; 1,1,2,3,4,4,4-heptafluoro-1-butene; 1,1,3,3,4,4,4-
heptafluoro-1-butene;  1,2,3,3,4,4,4-heptafluoro-1-butene;  1-fluoro-2-

" butene; 2-fluoro-2-butene; 1,1-difluoro-2-butene; 1,2-diﬂﬁoro-2-butene;

1,3-difluoro-2-butene; 1,4-difluoro-2-butene; 2,3-difluro-2-butene; 1,1,1-
trifluoro-2-butene; 1,1,2-trifluoro-2-butene; 1,1,3-trifluoro-2-butene; 1,1,4-
trifluoro-2-butene; 1,2,3-trifluoro-2-butene; 1,2,4-trifluoro-2-butene;
1,1,1,2-tetrafluoro-2-butene; 1,1,1,3-tetrafluoro-2-butene; 1,1,1,4-
tetrafluoro-2-butene; 1,1,2,3-tetrafluoro-2-butene; 1,1,2,4-tetrafluoro-2-
butene; 1,2,3,4-tetrafluoro-2-butene; 1,1,1,2,3-pentafluoro-2-butene;
1,1,1,2 4-pentafluoro-2-butene; 1,1,1,3,4-pentafluoro-2-butene; 1,1,1,4,4-
pentafluoro-2-butene; 1,1,2,3,4-pentafluoro-2-butene; 1,1,2,4,4-
pentafluoro-2-butene; 1,1,1,2,3,4-hexafluoro-2-butene; 1,1,1,2,4.4-
hexafluoro-2-butene; 1,1,1,3,4,4-hexafluoro-2-butene; 1,1,1,4,4,4-
hexafluoro-2-butene; 1,1,2,3,4,4-hexafluoro-2-butene; 1,1,1,2,3,4,4-
heptafluoro-2-butene; 1,1,1 ,2,4,4,4-hepfaﬂuor0-2-butene; and mixtures
thereof.

56. The method of any of claims 38-54, wherein the one or more

hydrofluorocarbon(s) is independently selected from the group consisting
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59.

60.

61.

62.

63.

64.

65.

66.

55

of fluoromethane, difluoromethane, trifluoromethane, 1,1-difluoroethane,

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

The method of any of claims 38-56, wherein the diluent comprises from 15

to 100 volume % HFC based upon the total volume of the diluent.

The method of any of claims 38-56, wherein the diluent comprises from 20

to 100 volume % HFC based upon the total volume of the diluent.

The method of any of claims 38-56, wherein the diluent comprises from 25

to 100 volume % HFC based upon the total volume of the diluent.

The method of any of claims 38-59, wherein the diluent further comprises

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

The method of claim 60, wherein the hydrocarbon is a halogenated

hydrocarbon other than an HFC.

The method of claim 61, wherein the hélogenated hydrocarbon is methyl

chloride.

The method of any of claims 38-62, wherein the polymer particles are

polymerized by a continuous process.

The method of any of claims 38-63, wherein the polymer particles are

polymerized by a cationic polymerization process.

‘The method of any of claims 38-64, wherein the polymer particles are less

dense than the diluent.

The method of any of claims 38-65, wherein the polymer particles

comprise isobutylene based polymers.
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67.

68.

69.

70.

71.

72.

73.
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The method of claim 66, wherein the isobutylene based polymers are

copolymers of isobutylene and isoprene.

The method of claim 66, wherein the isobutylene based polymers are
copolymers of isobutylene and an alkylsytrne, preferably methylstyrene,

more preferably paramethylstyrene.

The method of claim 66, wherein the isobutylene based polymers are

homopolymers of isobutylene.

The method of any of claims 38-69, wherein the polymer particles are
from at least 30 p.

The method of any of claims 38-69, wherein the polymer particles are
from at least 40 .

The method of any of claims 38-69, wherein the polymer particles are
from 0.1 p to 200.0 p.

The method of any of claims 38-69, wherein the polymer particles are

from 30 p to 200 .



