WD 2008/ 002346PCT/ US2007/ 010333 - 1 - 5PHASE SEPARATI ON PROCESS UTI LI ZI NG A
HYDROFLUOROCARBON FI ELD OF | NVENTI ON [ 0001] This disclosure relates to a
hydr ocar bwo-20esnloesssconposi ti on, and 10 net hods for separatriusgoodiohasent and
unreacted nononers froma sol ution conprising a hydrocarbon-rubber

di ssolved in a hydrocarbon solvent. In particular, this disclosure relates
to the use of a hydrofluorocarbon diluent as a phase separating agent to
separate nmonomers such as C4-C7 isooleans fromm xtures such as butyl
rubber dissolved in a C3-Cl0 hydrocarboh ™ solvent. This 15 disclosure al so
relates to nmethods for preparing a rubber cenment froma solution conprising
a hydrocar bon-rubber dissolved in a hydrocarbon sol vent and a diluent by
addition of a hydrofluoroearbon phase separating agent ta produce a pol yner
rich rulsber cenent pHRHASS i ROCESH UL PAIRAC

[ 0002] I sool efin pol yners, anq¥#§¥gggih§#kgﬁ%%§ég§gcarbon rubbers, may be
prepared i n carbocationic pol . See, e.g. Creanlc

Chem stry, SIXTH EDI TION, Morrison and Boyd, Prentice-Hall, 1084- 1085,

Engl ewood f f 992, and K. WMatyj aszewski, ed Cationic
Polynerizatlﬁwgﬁ(ﬂﬁﬁﬁéﬁ§§if kKker, Inc., New York, 1996. The cat al yst
system for @oegipci ng Mhsy esalobas- reldbetosa th\yﬂtd‘ea}‘doh fubbéruetenpdsivor; amgonent s:
an initiator and a Lewis acid. Exanples of Lew s acids ipclude AlClS and

3F3. Exkhpl wsthefls | frt senaspting rhlugae ando nareagted. imRNORIER Temy 8 9lutigRny 1
(wherein R {gnaf 1@% ké{' Ifaemaon-ff-ﬁ&%e'#?&ssmea Ngh thenRRbIBSA Z@vaR. Ahocess,
in what is general rred to as the initiation 30step, the isoolefin,
e.g., |sobupa}’rlemi@r t @a@lﬁ@owrﬁhekatﬁé tpethe gsa it hrdroflgprocabanrdifusnppbduce a
carboni um | i RphohD0UdAP, bkl HodkiRe AUl &S €02, BBRIRS tigk s add
to the for Carbeni u nin IS general referred to as the
propagat i onrrmttep?s Stich sas mtEbmbbypldmbhvydtlakaeCpKénoél}'ldrPCarhﬂnl iié?ﬂnloihlsn a
solvent .ndust r I S lurry
35pol yrrerl zé)l’tSc S“rgrazséoeges&?%“g%% L(I)?% f%yﬁ%g’g’g%ggnrwg’g bée?{“g‘\e{i“g ﬁ;b?rﬁ lﬁhoal

chl ori de (h/étﬁﬂlﬁ)rlﬁﬂghhﬂdﬁbdaﬂmmt-rubﬂ'qqﬁlmﬂ‘l’eﬁ intahtey dalo dauleort sqlmlﬂ ancth asillluﬁmty

pol yneri zat ses consi ts esse t| a de.

Met hyl chl o Y&gd’lt’ém cﬁiﬂph}{/% ForPey vgrpjgfils%}ar §sa@ﬁ'?¥t B ﬂro ndj%ESLe IJabl lity
of nethyl chitprister temeltgsakeyand Héilummneickphasnd the al um num chlori de -
catal yst of the reaction m xture, but not dissolve the hydrocarbon-rubber
pol ymer product of the polynerization process. Methyl chloride also has a
sui tabl g fr gaadRGEPOUNDLtO permt | ow tenperature 10 pol yneri zati on,

typically at tenperatures |less than or equal Eo - 90C. t hyl chl orlde al so
has a suit a2l ow boilpediefimaplymery agdipRarislass bydrpsayRonsBIRDELy MAY B ¢ he

hydr ocar bong féﬁgﬁé@rm%mﬂ@ﬁoﬁlﬁQ)Gl}lxﬁ@nﬁhl)}ﬂ%%ces&ssbw %%eﬂgigéﬂgzr%%%giﬁt@age of a

process u5|ng met hyl chloride as the diluent_al so of

hydr ocar bonSEXTHOBRITEBY N@mseer@eérﬁqyét Pesmtise-Hadl 1 8841188 31 Engdevped Chlis, by
vol ume in tm%ﬁ rge%ﬂ@% Nl %t Wtéi 1285 VRPOSE L dtRnfe PONGSHAAbALMETcePN! Y

about 8% to In-a so ‘ution rrer| zat’i on process, wherein the

hydr oca?fbonﬂetﬂb@er{nq;ol\fyme?(orls 1&96I &he tcappdyst isustey o psedusine hydrecarbPyent .
Reaction. m gﬂfﬁ&k&ﬁ& q@hOl&b&lpo@éﬂé dh! 8ol havs.d hehatively
| ow vi scosity, ena eat of meri zation formed during the

pol yrer i zat E&mmptmoiﬁ Iewiscachds me}mdve‘tllcé:f fed Bz e Eyabyples ipffinigiators include
Brensted acids such as HCI, RCOOH (wherein R is an alkyl group), and H;O.

During the polymerization process, in what is generally referred to as the initiation
30  step, the isoolefin, e.g., isobutylene, reacts with the Lewis acid/initiator pair to
produce a carbenium ion. Following the initiation step, additional monomer units
add to the formed carbenium ion in what is generally referred to as the
propagation étep. These steps typically take place in a diluent or in a solvent.
[0003] Industry has generally accepted widespread use of a slurry
35 polymerization process to produce hydrocarbon-rubbers, using methyl chloride

(MeCl) as the diluent. Typically, the diluent used in slurry polymerization



20heat exchange. 100041Typi cal commercial reactors used to produce

hydr ocar bon-rubber in a slurry pol ynerization process include well m xed
vessel s wvOhoes/opedsamre of about 10 to 30 liters, wherei nPClaseorowi3as i on of
the reaction mxture is often provided by a punp inpeller. An exanple of
such a reactor includes a continuous 25 now stirred tank reactor ("CFSTR")
as described in U S. Patent No. 5,417,930, which is incorporated by
reference herein. For purposes herein, 3 reactor suitable for use in a
slurry polynerization process to produce rubber is referred to in ' general
as a "reactor” or as a "butyl reactor". In these reactors, slurry is
circul ated through tubes of a heat exchanger by a punp, while boiling

et hyl ene on the shell 30 side provides cooling, the slurry tenperature

bei ng def er proressep portisis smemm‘gv ef mgthoh ehlosidpelMgthu ehloride is employed foreat
flux and th I .St . kLA . ' t he
heat exchange%}ége{tjfl fdgc{ggédﬁl?’ogﬁ%@%‘%ggpga%é@gngf gﬁh%(%hg% %%) ;H{lg%lht?e: %Se heat
transfer, wmalonwes kod thadluniousadsleridheaslyst of the mpatianunextore, buseot Thi s

often limts.th acti,cal ,sl ur concentrati o t._can be 35used jn nost
Ceactors 1+ OheaeRhe BhoiRmimaiblr RRVGE pRbLot BRpiBrfad PBr s Lrry,
di | uent, andJethyleaklogide adwolies S sUitibles diRefing @IinP0d \perhitaloow Mmpdratare - 3- 5
has been addressed i.n several patents (such as U S. Patent .. 2,534, 698;
US_ Pat éfit m&.yr%?rm%ﬁsfpléfﬁa B emhsibis e %za_,naaa,esw)t.o %@vi\d?tﬁ%ese
pat ents haveniizietdlsf Rt DEhitabl Ul 85aRG Sdift Wil ff efPScBiRt @BFarassip6f at ed
with polyner particle aggloneration for 1nplenenting a desired comerci al
process. Addhe hhasaron-nipher polypen fronptheidibipnt. & slurrp polymgrigation process

Mol ecul ar - Weks gt methly 0B bHdLIAS dhd Lthd R A1 SOH@EY TRE ad\?etmég%om xg@a@al@a&

Conj ugated Di enes, 49(4) Rubber Chem cal Technol ogy, 0 (1976), discloses,
inter alia, rebherqlyrosi eonfentraijorp of ypproximatebh 26Ye tropgdVoy herveluste jim dhrit y| ene
Wi th isqpre hut bher i t adi eney a .
100051 ey erctpH bl BEobpARd 84 Rafih aRER 2 8P S0b} BAPR"IRE ipen

pol ymer i zat isohition préyiytizagioinopiodess, Wieremn ahplhydrdcagdonemiibercpolgiet he apol yner
particles in_t . aor 9. .agqgl rate wth each other d to col |l ect on
Phe react or 1ot peois pRbol s AH SBTBRO RSt it BEhE ma) fforf® 4%

agi t at or ( s) /dplmey( Ao hanearralaéivelly lagglisoedigt eossblingcthe dses of aplydieyizaison
reaction te er%{J re rises. é%gl otr.rerated articles t(gngfto ?dgere ftc\) and
grow and pl aPESLEULE M9 PAYPFRERIOT FRAGURLIT Reremayed SERCRETY By giace

di schar ge | inagssexcasngtel | as any heat transfer equi pment being used to
remove the %g(i{Gerrric heat of polynmerization, which is crjtical since |ow

t enper at ure tion cbrRifl mamEsia! reeeions; Yied; tRaIodussolp¥Teganken-rubber

pol ymeri zat iign 19§ §ohARerdRAtoA preQWE SHII8MTWRAIOESER NEsQf At ¥ RBlunébe
carried out in a vehicle which'is a solvent for both the nmononmers to 25 be

pol ymeri zed 2RAHt dRdopHfl Jitksr. PoRiREY the irsyaton i themeagiany merticats gRen
processes ', prbAdeBRaFublirfellRARCLUAPI df'sAh hBEacYGEhEed S cSiffifoBs | Y an

energy intensive step where the separation of the poly romthe sol vent
is carrizéd dlaw istirred sank maciopdi @S bR bahdescsibed 4p1é Ss FateahNoevaldde %% on
techni ques. Jhks id € bk i Dr I -

recogni zed t hat égg sct r?talﬂa(? ggg%%o@naggﬂég%ﬁ'fm%&y% g%ré’sés)%gcgggpléa lee

achi eved i f fohasenergyluryqpelymesattdoropracess soipvedice bbymisr refapat & ion st ep

coul d be m :EEHL%F% 2 CQ00,0)-+ 51 h$a V*E%M KOQUD- YR TR0V 5S) %Sﬂg}soﬁlréﬁriﬁéd
solutions a stable over alimte enperature range and can be caused to
separ at e i nttbroagh ohhesrtf ar hezih eactchinged yyre rpumips iwhilealssliby ethydnerog the sheldl i ng.
Upon heat.in t hese, sol utions, 35exhibit a |ower. critical | ution . ..
t enper aghr e%He, Efé’]"jdeﬁb%‘{?il%i%& S@é%’a%é?ﬁeéﬂuﬁef\l\%?‘ﬁg %‘F%?‘f?’ oﬁtlﬁet aling) vent
system w | | etigderie tehipesatas)ahatreguirgdeiedtt Bux Anli e overall resistance to heat
transfer. On the slurry side, the heat exchanger surfaces progressively accumulate
polymer, inhibiting heat transfer, which would tend .to cause the slurry
temperature to rise. This often limits the practical slurry concentration that can be
35 used in most reactors from 26 to 37 volume % relative to the total volume of the

slurry, diluent, and unreacted monomers. The subject of polymer accumulation



-4- 5 formation of two distinct phases, one a solvent rich phase, the other
a polyner rich phase. These phase separati on phenonena are generally
pressur e wopersdeniss and the two phase systens can be na®€eTiuS200e0&I383t0 a
honbgeneous singl e phase by isothermally increasing the pressure of the
system above a critical value which depends upon the conposition of the
solution and the nol ecul ar weight of the to polynmer. The LCST for

pol yi sobutyl ene (P113) was disclosed in,Bardin, J.-M; Patterson, D.

Pol ymer 1969, 10, 247, the entirety of which is hereby incorporated by
reference_ 10008] The LCST is that tenperature above which a solution wll
separate into two distinct phases, a solvent rich phase and a solute rich

phase. The |IS separation phenonenon can al so occur at a second | ower

t enper atur ehtseberngaddsessep p segrpl patants Senal pol-FehpentalNar 8,584168%) U.Rel ow
the UCST a pyR.PRase rsatl, j r JBASW T and
UCST end poi nts are fmde af tﬁgji}%ggjggengrqg%s%%lgggfhe s%\l%g’tE?ltg?]?fp%%éépri or
art t eacheshavenumdatistagtoriipe eédressedfthe tnyriazi ofyprobenh CaFoaiated with polynogr
causing a pQlyner soluti 0,20 separate into a.po] yner rich phase_and a
sol vent ri cﬁ%lg};ése{f‘g%lﬁ‘ﬁ%p?%t if‘\)/re lﬂi’?llg sPeaige p?oggglgeéis W?ﬁr%%vemﬂ%e%f'i zed

t he LCST phadditnmally Mhplet,yWen. ,sBpeklay, 8n, .0¢ @%ighSMoehiineVedghs eHidgscr i bed

in US.  Patent Nos. 3,553 156; 496, 135; apd, 3,726, 843. Th rior art
b 0cesskb a PSSR FORMERS PhIORAb o sy gh Pkt SR b Bner oy
i s requiredChemicil SBedhA8log§MIB0OAL 197%) 0ldischiReS OlndéA Aliat ahef daiohic? Slubis
desired separation ,10009]U. S. Pat. No. 4,319,021 is directed to_an

i npr overent PPRMEREAN Of sORglYEAS Of sephitrlens wvigh dvwsanss (Ryylchbpen Ands t he

use of | oveligeReldpkh@bich8 WREALM, €s. The techni que described in this
patent includes the addition of a | ow nol ecul ar wei ght hydrocarbon to the

pol yner sol (RA0Sh. sui tHeweverotherplase d apmber \ofi fieblemsd pesosiatrgn it thet he
C2- C4 _al: - i Li i aht
ai:kengélﬁ&‘i’lizlah&?’}ﬁ%net J %Hlog{fd%, ! E*ﬁﬁg@%‘geﬁ?%‘frfy :iog Jg.ggﬂséﬁ}{rﬁ& wWel g

percent (w% . Wiile this iInproved process e phase
separ at i on patigtasan thereadiontd sgglomerstd with eecjuptheriandtooradiect erothgfréager t he
desired sep tL.Qn. ratd S Wl Zi- 1 S

di sadvant agg{%{f}é hg%ctggg’geqosﬁ%ﬁ%’ ﬁ@ggﬁ‘f@s ij ant’ct Hlee r g%gdg?rt({}ﬁgeu %pif)uf[{hgr{g{e S

35[ 0010] U. Sag#aimerdtioNo incted346 rOglidly ssdreneiidre demnperatyrh adsess efagiamearedpr ocess

wherein a tenperature.in endent, phase separatjon is reportedly caused to
occur -5- ggl%r‘f[eé tﬁB‘?)}%ﬁaﬁ‘%Slqﬁﬁngn&WV fnﬁ‘f P%%’@P#}@niaﬁf E)ur?% S ﬁtbelyy?yfmlacgbl ution
a critieml s reaftondbiage Sinpgaatwdnaggankeat Bahefer EEpGicht baiag used
concentration of the %has se.pa{Iati on ent, the n%xhu_re exhibits a normal,
| ower criti EarCRBYuiho AP ORIRCRG: 1 PRlFBpiivation, (EBIGRJS Hritielsnge 18Base
separati on agepdrstutdrebifordécdditidis hst bbBinsaifiafeiosure include CX2, Cl.-Ca

al kanes, CZ-(% | kenes, C2-C4 al kynes, hydrogen, nitro%%ren and its vaf[i ous
oxi des, hel 19M®] neon, Qbrnpelymekizales Proresws andfasclorIsireamerORESEIY a

sufficient 3RS Bfe ArREASR iHYPAIAEIE Whid &Y sdIPSfol BoihithE kbieattrd 18 O the
pol ymer solution so that the solution, under appropriate pressures, can

separ at & oubPe aPplymeriged rgueh thih podvmer fprmede e rsichr ssolytt weelymeRgatimsT and

the UCST (ag feleEMiNedephtiiltfh & Gie P FmBOkYMBhe S2hiED L4
essenti al | y?%ree of tt hee%és&.) Thee?gnfgquént pﬁasel se%aggegflﬁ‘glz resntﬁlr%ys in a

pol ymer ri cHtpiraeestapdvhgrsdieseparatipe lof thrapaymgh from thet dodvent iscarsedions t he

rieh phase Sonsens sEAER il iiBle D RERORIBR KR idhes, TSR Ana 1 6
subst ant i al eyergy enteo$ivp prgaess. . It B Bp2heEhareodszaiethdt Bulistamtipl ece®aies
techni ak¢ Wﬂ{ g(!).'lyvrr\ﬁ(?f:lrJ lpgocaelsée(sjvcvofﬂ%rbet apc%ieved if the energy requirements of the solvent-
polymer separation step could be minimized.
[0007] It is well known that many solvent-polymer solutions are stable
over a limited temperature range and can be caused to separate into a solvent rich
and polymer rich phase by heating or cooling. Upon heating, these solutions
35  exhibit a lower critical solution temperature (LCST) above which separation of

the polymer from the solvent system will occur. This separation results in the



econom es of the afore described slurry preparation process along with the
ease of separation and econom es associ ated with phase separation of a

sol vent pabyneraozati on process to be carried out at or ReaUSLINE/010333

pol yneri zation reaction exit tenperature. In that way, little or no

addi tional heat input would be required to 25affect the separation.

Heretof ore, such idealized, inproved processes have not been achi eved.

[ 0013] O her background references incl¥de U S. Patent Nos. 2,542,559;
2,940, 960; 3,553,156; 3,470, 143; 3,496, 135; 3,726,843; 4,623,712,

4,857, 633; 5,264,536; 5,624,878;and 5,527,870; U.S. Patent Application 30
US2004/ 0119196A1; RU 2 209 213; DE 100 61 727 A, EP 014 934 2 A2; WO

02/ 096964; WD 02134794; and WD 00/ 04061. SUWMARY OF THI S DI SCLOSURE

[ 0014] | rp sofoemetitiodf mdStin¢trmmapeseem1a sqiw@mrtséwlew,eh@oésr a pobynpreochss

o oo BRSPS S MRS BT B e D el
of:  -6- the two phase systems can be made to revert to a homogeneous single phase by

isothermally increasing the pressure of the system above a critical value which
depends upon the composition of the solution and the molecular weight of the

10 polymer. The LCST for polyisobutylene (PIB) was disclosed in Bardin, J.-M.;
Patterson, D. Polymer 1969, 10, 247, the entirety of which is hereby incorporated
by reference.
[0008] The LCST is that temperature above which a solution will separate
into two distinct phases, a solvent rich phase and a solute rich phase. The

15  separation phenomenon can also occur at a second lower temperature termed the
Upper Critical Solution Temperature (UCST). Below the UCST a two phase
separation again occurs. The measurement of LCST and UCST end points are
made at the vapor pressure of the solution. The prior art teaches a number of
methods of utilizing the LCST as a means for causing a polymer solution to

20  separate into a polymer rich phase and a solvent rich phase. Illustrative prior art
processes which have utilized the LCST phenomenon in polymer separation
processes include those described in U.S. Patent Nos. 3,553,156; 3,496,135; and
3,726,843. These prior art processes are disadvantageous in that a significant
amount of heat energy is required to raise the temperature of the solution to affect

25  the desired separation.
[0009] U.S. Pat. No. 4,319,021 is directed to an improvement in the
foregoing phase separation processes which permits the use of lower separation
temperatures. The technique described in this patent includes the addition of a low
molecular weight hydrocarbon to the polymer solution. Suitable low molecular

30  weight hydrocarbons are the C,-C; alkenes and alkanes, which are utilized at
about 2 to about 20 weight percent (wt%). While this improved process
substantially reduces the phase separation temperature, heating is still required in
order to affect the desired separation. Separation processes utilizing the UCST are
also disadvantageous because of the need to further cool the solutions.

35  [0010] U.S. Patent No. 4,946,940 is directed to a phase separation process

wherein a temperature independent phase separation is reportedly caused to occur



5 (a)contacting the polynmer slurry with a hydrocarbon sol vent capabl e of

di ssol ving the hydrocarbon-rubber, to produce a first liquid phase and a
second | iwoi2dospinasie; and (b)separating the first |iquidppmaseoo7nosss he
second |liquid phase, wherein the diluent conprises a hydrofluorocarbon, the
first liquid phase 10 conprises at |east 60 w % of the hydrofl uorocarbon
based on the total weight of the hydrofluorocarbon in the polynmer slurry,
and the second liquid phase conprises g%_least 90 wt % of the

hydr ocar bon-rubber based on the total weight of the hydrocarbon-rubber in

t he polyner slurry. 100151l n additional enbodi nents, the present disclosure
relates to a is process for separating a hydrocarbon-rubber froma pol yner
slurry having the hydrocarbon-rubber dispersed within a diluent, which
conpri ses t irea ppbpeereblutipn bydntredudingyintd therpslymer sadntion g cijieal amonptielocar bon

solvent CaPaigslendi iR A0 gegﬁN HALAGA] ROTUBREE of bk @ﬁgg Yeflidd I S!

essenti al | y honbgeneous | Fqur ase and a second essentl nobgeneous
| i qui d phasegemndh’0ahixmepandibitsg at werthak, stowdrqueritcghasktibn ommpeeatssc ond

i quid phase, erei n the diluent conprises hydr of | uoracar bon, e first
li quid phasg Icaé\% P 52’?%“"3&@?& 8’ \Rggoeoﬁeptafﬁ%‘oﬁﬁcf}{sl WO{hSCIg? Uit %tla & on
the total waighisuf irchglenyos,af |- afigaed) aly-Ch aldeaes) alyOp alkSines, hydraed, t he
second liquid &hase conpr,i ses gt i’e st 90 wt% of . the hﬁyd{loca bon- r ubber
based R0 t h@IeERIANAAISREOBT Oxides Beliyely BEQl f6h AR BRI IGRRr pol yner
slurry. 100169111 sone @sfRhimeRbdd, i surfleRat 8mWGAs of RPhhéd Sdpatdtioni shephase,
the second |iquid phase, the first essentially honogeneous |iquid phase,

and the secéfdAdsiseintiodpesd risioo gendolignen gaiugophes ehelofaiselutioss WERT d t han
the pol yner a?%x"c’)ﬁiﬁ?egﬁré?sq%%sg lcﬁﬂ%eﬂ\ﬁfl%rBut pale%&l?m&‘lgﬁ:’h Hass Ot lafl bMpbiRurkd qui d

phase(s) or e po urry. 017] further ‘additional enbodinments,
t he present bdiweshobal&Sebad dx UVEST (a5 detesmirfedrusimgtheauirg golymer-solvent

hyd - ' -

a0 sper sd 1 e PRl SEEPE IR PRI SRRl PRl RERE R DR
5a) cont act i pglyrher phe phese astl wr sojvent rich phlaye ''Whenehoethsd isaned tas thik BSAL ve t he
hyd bon-r ybb t . t t.h to.the .

oy essure of e PGP RRCC R 4B TEitRieatody pRyoERe e Pl oFE e

pressure, ardipristdaboueisPht of bte benyodime € the total system and is substantially

free of polymer.

20 [0012] There is need for a process technique which would allow for the
economies of the afore described slurry preparation process along with the ease of
separation and economies associated with phase separation of a solvent
polymerization process to be carried out at or near the polymerization reaction exit
temperature. In that way, little or no additional heat input would be required to

25  affect the separation. Heretofore, such idealized, improved processes have not
been achieved.

{0013] Other background references include U.S. Patent Nos. 2,542,559;
2,940,960; 3,553,156; 3,470,143; 3,496,135; 3,726,843; 4,623,712; 4,857,633,
5,264,536; 5,624,878, and 5,527,870, U.S. Patent Application

30 US2004/0119196A1; RU 2 209 213; DE 100 61 727 A; EP 014 934 2 A2; WO

02/096964; WO 02/34794; and WO 00/04061.

SUMMARY OF THIS DISCLOSURE
[0014] In some embodiments, the present disclosure relates to a process
35 for separating a hydrocarbon-rubber from a polymer slurry having the

hydrocarbon-rubber dispersed within a diluent, which comprises the steps of:



diluent in the resulting m xture to introduce phase-separation of the
resulting 10m xture to produce a first essentially honogeneous |iquid phase
and a secwoadoesmedndti al | y honogeneous |iquid phase; and PCY/tse@anaisshg t he
first liquid phase fromthe second |iquid phase by decanting, gravity
settling, liquid/liquid centrifugation, or a conbination thereof, wherein
the first liquid phase conprises at |east 60 wt % of the hydrofl uorocarbon
15 diluent based on the total weight of .the hydrofiuorocarbon diluent in
the polynmer slurry and wherein the second |iquid phase conprises at |east
90 Wt % of the hydrocarbon-rubber based on the total weight of the

hydr ocar bon-rubber in the polyner slurry. 100181In further enbodi nents, the
present disclosure relates to a process 20for retrofitting an existing
slurry catiGdi c portpeting ibg inetymerasiurryt wéthr at hskrpearbory sehsek sapadeiti si ng

the steps Of;s sol@?ngﬁtﬂ@tkgﬁlrré&g?cﬂl RBbYTRS %d{{cgya k fs‘?mq%tl&ﬁ ygﬂérzfn)ﬁ £3dAa! ©

polynerlzatlon ymer &P ur P y conprises rocar bon-rubber
di sper sed |hq1add1hla8£etand wi th a hydrocar bon sol vent to dissolve the

hydr ocar bon;rubber _at.a reat an 250 to the vapor
pressure of Whe F%psaiﬁ‘tﬂ%lg‘ ﬁfg&q écppkfaﬁ'é 55’["? At CY Jnlb?ﬁgé)i'ase

hydrﬁf | ]lcjorO%éﬁﬁﬂftheb)hlaﬂituﬁ?mﬁﬂséshe hedfefluaidtathont hﬁepr&asumd ahaleor t he
wei ght fraction.of t ro rocar int e resu

o Podulh BB s B b SR RS Rpdreteogn bracd i Do in cveisht ot
essential | ytﬁaomqemm@b@camcﬂmd ﬂ’xaaﬁ@lyﬂrﬁd ﬁm?rgésaaand,ee%mw allid Ipﬁmgeneous
I|qU|d phase; and c) garatln e first li1quid phase fromthe second

i qui d phas%orﬁyrlﬁf‘é(?éﬁ?alsh 0 virmof the }’s}’échlafh?@‘mpp%ﬂﬁ%’mll Padh%t%@ﬁ{’?‘gﬂfgfatl on,

or a conbi naklmrég&%ﬁpﬁubbgpﬁ{ﬁbgomrSh{rgt | i quid phase conprises at | east
60 wt % of the hydrofl uorocarbon "'uent based on the total weight of the

hydr of | uor ot®8bn di | Janadditiondlcembrdiments33he umesent ridisipurrei rglafdse 1S @cond
based on t NE L otalnpgfingra pdRatol rabhes om o botter B R BT UG Y.
10019] I n yehy@daﬂbpoﬂabbardmmamiﬁxin tdupntewbitth ainswises Lheestquslqeft es to a
b 0ceSs 101 (et BR85St HrRohl AFabhotes, ARTRbSR A
pol ynmer sol disselvirfy ¢i@ hjdrosabuhirabbeeatd producp e ﬁmrdsmﬁiaﬂy homogeneous
liquid phase and a second essentially homogeneous liquid phase; and
20 (b) separating the first liquid phase from the second liquid phase,
wherein the diluent comprises a hydrofluorocarbon, the first liquid phase
comprises at least 60 wt% of the hydrofluorocarbon based on the total weight of
the hydrofluorocarbon in the polymer siurry, and the second liquid phase
comprises at least 90 wi% of the hydrocarbon-rubber based on the total weight of
25  the hydrocarbon-rubber in the polymer slurry.
[0016] In some aspects of this disclosure, the first liquid phase, the second
liquid phase, the first essentially homogeneous liquid phase, and the second
essentially homogeneous liquid phase contain less solid than the polymer slurry
based on the weight percentage of solid in the liquid phase(s) or the polymer
30  slurry.
[0017] In further additional embodiments, the present disclosure relates to
a process for separating a hydrocarbon-rubber from a polymer slurry having the
hydrocarbon-rubber dispersed in a hydrofluorocarbon diluent of, comprising the

steps of



pl ant, the polynmer solution conprises a hydrocarbon-rubber dissolved in a
solvent, with a hydrofluorocarbon at a pressure greater than or equal to

t he vaporwpnressuwexecof the resulting m xture; b) adjustipog/ush@7oersper at ur e,
the pressure, and/or the weight fraction of the 15 hydrofl uorocarbon in the
resulting mxture to introduce phase-separation of the resulting mxture to
produce a first essentially honogeneous |iquid phase and a second
essentially honbgeneous |iquid phase; and c¢) separating the first liquid
phase fromthe second liquid phase by décanting, gravity settling,
liquid/liquid centrifugation, or a conbination thereof, 20 wherein the
first liquid phase conprises at | east 60 wt % of the hydrofl uorocarbon based
on the total weight of the hydrofluorocarbon in the polyner slurry and

wher ei n § hea}yecoaniacidng ﬂlqonelyeﬂec shpn b ahydreggrbonpolyess bf disprive the
hydrocarbon t t reler in

t he pol yner ﬁ??&oﬁ?ﬁ%@g %ﬁ@% E%%ﬁ?gggfgéthgdn%%[o %ggﬂsrggggs(es)
of this diseﬁm&umenuaﬁmmherern t he hydrocarbon solvent conprises Cl-Cl10
hydrocarbon efer | i near ched ar ¢ h roc roons.

a preferred ﬁ %E“HVnggﬁr@%R“?gf eﬁ’ P@E§iéh¥g N& group
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i sohexane, 2-nethylp ane, 3- nethy Igeﬂtane ne %L@gtane
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Ihexane 3- ersgy,{,my;,@,ﬂg eroas BRI fbdepa ane, 2, 3- dr met hyl pent ane,

2, 4- di met hyl pent ane, % di net hyl pentane, 2- net yl hept ane, 3- ethyl hexane,
2, 5- di net hyl¢ exarreparztnzgrthetﬁrsnhqupbemfa@re th%etcaﬁé Liawichphase by dgeaniog.
ethane, et hapgy, éaanagqlqeﬂ&maﬂ cARAREARR: OFQG&%H@UOH%@@E met hy

cycl ohexane,” cycl opropan cycl obut an opent ane, net hyl cycl opent ane,

1,1- 35di metthereipdbnErat digeidphase cgmnmweascﬁewp’enf m@ytdreﬂmgcazbon

di met hyl,6yclOREr Bii€a Bh%p St GiolELF e H}ﬂ{%@% orP U 1 PRPBRe:
-9- 5 cycl ohexane, cyclo ane, zene uene Xy

ort ho- xyl enslurparad \xlgdremet;henmcandyiqeueph@edccunpmsersaatr lenss Qmeﬂ%’obf they a
nore preferr, h 0oC rbon nt. c Ses uIt a | ow
benzene gra egﬁegghe efb '¥gWJB§H£@% yﬁé %%ﬂggnbc nsﬁ%? n the
essentiallyppbmmﬂﬂmﬁpre of n hexane 2- nethylpentane, 3- et hyl pent ane,

t hyl | | ohe . 10 100217 | t f thi
T eel oon o RN, 300 S Gen PebRtpisnts tionreamnt dsdovtge FRES 13 a Thodel oo

| east one hydr egesfith@min axihimt sleastatme pblimidriatiah antPried estadfining t he
hydr of | uorocarbon conprises at |east one carbon atom and at |east two
fiuorine at dFRSESMERBPIHBE EReatifRE @the hydr of | uor ocarbon conprises 1,1 -difl

uor o ethane §nd/ Gonduckng a it fkr Ayt aR cha derm LEQARZIAicLATH biar, t he
hydr of [ uorocarbon is represented g he f ormul wherein x is an
i nteger frorthe pelympg slyry comgpesaser bydiaeprbon-sehlbsr drS@erﬁed am@ diluest, gyitye er
than or equa dir&aﬂbonls‘al@enﬂ&ﬁn%&él@@ t@#ﬁﬂbé@%n—r&ﬂ%r QVQE)F@sEM@rg%a%:QQQn' S
sel ected fronrt e group consisting of:” fluorornethane; difluoronethane;
trifl uordnetdfasal wothe| YAROs rersHee of the @Sulﬁﬂg fmigsiree theagidient comprises a

, 2-di f1 uor ogfhasifiordearbol;: 1 -tri fluo ro ethane; 1, 1 ,2- trifluoroethane;
1 1,1, 2-tctrafl uoroet hané; 1,1,2,2-tetrafl uoroethane; 1,1,1, 2, 2-
pe nt af | uor oddhaneadjusting the rté:rhbmttmp,rtbpam@ﬁum and/or thd meegld frampieneof the 1, 3-
trifluoropr uoro opan ri.fluoronr -1, %1, 2-
tetrafl uorop grgbgln%o’r%aiboi{ ; dqor o‘é‘r“’%?fé’n‘é‘l"rfd&"f‘z?ﬁ‘i‘%%esggg‘gﬁﬂér‘%fﬁ?‘ %pane;
251,1,2,3 - treerlmg rrumuoepltcﬂpanﬁmeh first essgntidiy domakkneusdiqdipaaseland a

2 2 3 trafl u ropr.opa 1, nt af | uor opr opane;
%83 ﬁﬁﬂf %?@Bygﬁaﬁﬁm"%“¥%TW§P§1 &éﬁﬁafluoropropane I
1 2 2 3- perhaf | lﬂéb@ﬁﬁﬁ@ﬁﬂﬁﬁrsﬂ-h?n@ p?qaséfr@mhafsémaqprmpn@e by decanting,
1 1 1 2 2, 3- hexaf | uor opr opane; 3,3 -hexaf | uoropropape; 1
1 1 3 3 3 gravity setiling, hquld/hquld centnfugatlon, or a combination thereof,
wherein the first liquid phase comprises at least 60 wt% of the hydrofluorocarbon
diluent based on the total weight of the hydrofluorocarbon diluent in the polymer

35  slurry and wherein the second liquid phase comprises at least 90 wt% of the



hexaf | uor opropane; 1,1, 1, 2, 2, 3, 3- hept af | uor opropane; 1,1, 1, 2, 3, 3, 3-
30hept af | uor opropane; 1,1, 1-trifl uorobutane; 1,1, 2-trifl uorobutane; 1,1, 3-
trifluor ootaessno2isl, 4-tri fl uorobutane; 1,2, 2-trifl uorolpararse(07/010333
1,2,3-trifluorobutane; tetrafl uorobutane; tetrafl uorobutane;
35tetrafl uorobutane; tetrafluorobutane; 1,1,1,4-tetrafluorobutane; 1 , 1
,2 ,4-tetrafluorobutane: 1,1, 4, 4-tetrafl uorobutane; 1,2,3
,3-tetrafluorobutane; 1,1,1,2-tetrafl ugrobutane 1,1 ,2,2-tetrafl
uorobutane; 1,1 ,3,3 -tetrafluorobutane 1,2, 2, 3- tetrafluorobutane
1,2,3,4-tetraf|uorobutane - 10- 5 tetrafluorobutane

1,1,1, 2, 2-pentafl uorobutane; 1,1 ,1, 2, 3-pentafl uorobutane; 1,1 ,1

, 2, 4- pentafluorobutane 1,1, 1,3, 3 -pentafluorobutane 1,1,1,3 4-
pe nt af | Jor oblﬁfaﬁ@bqn-luhber4ba&eqoenttb¢ teigl isighdred: the byérczzagnqyembéf:ﬂ tothsbut ane;
1,1 ,2,2,4- butane; 1, 1,2,3,3 -pentafluorobutane;1, 1,2,4,4-
pent af I uor ogupgﬁggtﬁ{fp 3,3, 4- pent af I uor obut ane; 1

, 2, 2, 3, 3- pelt0dP] uor obuin gree addiCional, @p&otﬁnnnpemwpﬂemabwme rdlates 102, 2, 3
-hexafluorobutane 4- .bexafluorobu 1 . .

O ST B Forn ey 3 ag i SORBLS N BRE pdtymerization plant, the
1,1,1, 2,4, 4rdmmfﬂﬂixhglpfdcbsst@hmnsmg the stp8 o#- hexaf | uorobut ane; 1,1 ,1 ,3,4,4-
hexaf | uor obut ane; hexaf | orobgt ane;

01, 2,2, % 3- Abxaf Faaﬁastm& ar@lyrferlsolztlgn o H af)\ualapdﬁapawepolymenzanon

1 1 2 2 4, 4phakaiieUpbBmdrabslutida lootaptisds 4a r&ﬁ%@“dﬂ)@é@bﬂi%%d inh
2 3 4 4 hexatluoro utane; 1,2, 2,3, 3, 4-hexafl uorobutane; 1,1 , 2,2,3,3
-hepta

f 1 uor Stltienin®ithsa hydreflyorscarban 7k gtpapsSHtsr BRER HEn of eqralltozthz vapor.
pressure of the resulting mixture;
b) adjusting the temperature, the pressure, and/or the weight fraction of the

15 hydrofluorocarbon in the resulting mixture to introduce phase-separation of the
resulting mixture to produce a first essentially homogeneous liquid phase and a
second essentially homogeneous liquid phase; and
c) separating the first liquid phase from the second liquid phase by decanting,
gravity settling, liquid/liquid centrifugation, or a combination thereof,

20  wherein the first liquid phase comprises at least 60 wt% of the hydrofluorocarbon
based on the total weight of the hydrofluorocarbon in the polymer slurry and
wherein the second liquid phase comprises at least 90 wt% of the hydrocarbon-
rubber based on the total weight of the hydrocarbon-rubber in the polymer slurry.
[0020] In some aépects of this disclosure, process(es) of this disclosure,

25  wherein the hydrocarbon solvent comprises C;-Cj;p hydrocarbons, preferably
linear, branched, or cyclic Cs-Cg hydrocarbons. In a preferred embodiment, the
hydrocarbon solvent is selected from the group consisting of: propane, isobutane,
pentane, hexane, methylcyclopentane, isohexane, 2-methylpentane, 3-
methylpentane, 2-methylbutane, 2,2-dimethylbutane, 2,3-dimethylbutane, 2-

30 methylhexane, 3-methylhexane, 3-ethylpentane, 2,2-dimethylpentane, 2,3-
dimethylpentane, 2,4-dimethylpentane, 3,3-dimethyl pentane, 2-methylheptane, 3-
ethylhexane, 2,5-dimethylhexane, 2,24,-trimethylpentane, octane, heptane, butane,
ethane, methane, nonane, decane, dodecane, undecane, hexane, methyl
cyclohexane, cyclopropane, cyclobutane, cyclopentane, methylcyclopentane, 1,1-

35  dimethylcycopentane, cis-1,2-dimethylcyclopentane, trans-1,2-

dimethylcyclopentane, trans-1,3-dimethylcyclopentane, ethylcyclopentane,



hept af | uor obut ane; hept af | uor obut ane; hept af | uor obut ane;

20oct af | uor obut ane; oct af | uor obut ane; nonaf | uor obut ane; net hyl propane;
met hyl pr opare(s/ooiiscl, 1,2, 3, 3, 4- hept af | uor obut ane; 1, 1, PCT/US2007/010333
1,2,4,4,4-heptafluorobutane ; 1,1,1 ,2,2,3,3,4-octafluorobutane; 1,1
1,2,3,3,4,4-octafluorobutane; 1, 1, 1 ,2,3,4,4,4-octafluorobutane; 1
,1,1,2,2,3,4,4, 4-nonaf |l uorobutane; 1,1
3,3-tetrafl 1

,3-trifluoro-2-nethyl propane; 1,1
, 3, et raf | uoro- 2- et hyl pr opane; ,1¢1,2,31,1,1,3,3 ,4,4- 1, 1,1,2,2,3
1,1,1,2,2,4,4,4- ,1,1,2,2,3,3,4,4- 1 1,1-trif|uoro-2- 1,1 ,1,3 -tetrafl
uoro-2- 1, 1 ,3 -trifluoro-2- 25(f|uoronethyl)propane;l 4 ,1,3,3

- pent af | uor o- 2- net hyl propane; 1 ,1 , 3, 3-

tetrafl uoro-2-(fluoronethyl)propane; 1 ,1 ,1
,3-tetrdfl u@m@i@xemﬁ,mctbwéyn&h)em@pémzenz tglueng, rﬁ}ﬂmmmﬁlwﬂ)dmﬁ,méa 1,1 ,3

fl
2. 2- 1ot r ab T R ATt A cqhbliui i BEEEIMA BRF: pisfrreed embadiment,

H 1

: 1 2 2, 3- pﬁatlafkikoqadﬁcncwwﬁmmmmists ap 113 Bow entafel gnadc)d:nyxir&bmeanl@;al 1
,2,2,3,3 - 30h xafluoro obut ane; .1 hexaf [ uor | obut ane; 1 1
55302 HERARrOET BRREohrars. cPrtts, Ssstatuy, o B YRSt . 1

, 1, 2- methylpentane, 3-methylpentane, methylcyclopentane, and cyclohexane.

10 [0021] In some aspects of this disclosure, the hydrofluorocarbon
comprises at least one carbon atom, at le_ast one hydrogen atom, and at least one
fluorine atom. Preferably, the hydrofluorocarbon comprises at least one carbon
atom, and at least two fluorine atoms. More preferably the hydrofluorocarbon
comprises 1,1-difluoroethane and/or 1,1,1,2-tetrafluoroethane.

15 [0022] Additionally, the hydrofluorocarbon is represented by the formula:

CHF,
wherein x is an integer from 1 to 10, y is greater than or equal to 1, and z is greater
than or equal to 1. In a preferred embodiment, the hydrofluorocarbon is selected
from the group consisting of: fluoromethane; difluoromethane; trifluoromethane;

20 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; 1,1,1-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;

25 1,1,2,3-tetrafluoropropane; 1,1,3,3-tetrafluoropropane; 1,2,2,3-tetrafluoropropane;
1,1,1,2,2-pentaflucropropane; 1,1,1,2,3-pentafluoropropane; 1,1,1,3,3-
pentafluoropropane; 1,1,2,2,3-pentafluoropropane; 1,1,2,3,3-pentafluoropropane;
1,1,1,2,2,3-hexafluoropropane; 1,1,1,2,3,3-hexafluoropropane; 1,1,1,3,3,3-
hexafluoropropane; 1,1,1,2,2,3,3-heptafluoropropane; 1,1,1,2,3,3,3-

30  heptafluoropropane; 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-

35 tetrafluorobutane; 1,1,4,4-tetrafluorobutane; 1,22 3-tetrafluorobutane; 1,2,2,4-

tetrafluorobutane; 1,2,3,3-tetrafluorobutane; 1,2,3.4-tetrafluorobutane; 2,2,3,3-



trifluoroethene;1,1 ,2-trifluoropropene;1,1 ,3-trifluoropropene;1 ,2, 3-
trifluoropropene;1,3,3 -trifluoropropene; 2,3 ,3-trifluoropropene;3 , 3, 3-
trifluorompoapene2dysl, 2-trifluoro- 1 -butene;1 ,1,3 -trifPCuwarseso7bie3but ene; 1
1 ,4- 35trifluoro- 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;
4, 4-trifluoro- 1 -butene:;2,3,3 - -11- 5 trifluoro-1-butene;
3,4-trifluoro-1-butene; 2,4, 4-trifluofp-1-butene; 3,3, 4-
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, 3, 4-1 et tesfaflyorabutane; hutlehnb2,2tpentaflupretaitang;| uok-b112%.bpepigduorpbgtapes- | D
rafl uoro t,e etraflu : .
4,4-tet }hffggr‘ge%ia%{??%tﬁgane% 3,3, 149;1 gfﬂr g&f{%ﬁ;‘?%ofm%ﬁ%ene ! & 1.3.4
et r af padafudrobutaeae; R14 444-@emaﬂnatfobutane;- 1-1 bﬂtkh@enﬁﬂmmbutane

t

4tetrf| rol 3,4,4, 4 t af l.u but ene; 3-
f1 uor oqt %g tjiuof&ﬂ'ﬁ%ﬁzi pent alf’lg r P?mﬁ 't'%rﬁémane’ Ltz

, 4- ppéﬁtaﬂhbh@bﬁtaﬁc but,e3¢3 4stﬂtaﬂu3ro¢ﬂaumai af1,0@233 bebtalﬂﬁﬁmbutane

I
4
310, IS e gRsE: 1 2Tl 123 eRETBHENE  burleis224-
4
3

o - - =

PTRRPRPRTNER
AHNRRR—

4-
4
t

O WwWh

PRPORRPRPRRPT® -
RPRSNNRRS*
NN D A_wool\)m"

,2,4,4,4- pﬁ@ia’%fdd#@ﬁ&a&e*bui @ﬂez 3%+&x§ﬂﬂmﬂb{9ﬁﬂé af hq01r2>31¢ RailaBiBiobataned, 4, 4-
ent af | uor o-1 - but ene; 3,44 4pentaf|uoro|-b
1,2, ,3,41Hekaf4|%p¥ﬁihmleﬁ@w,1 1, b1d, 3;341-1#@@@&#9{9@#&@9» but dnb]3,4,4-
1, 2,4, 4, 4hQ drH&hQnel b}lﬁq@m 4111&aﬂ§m%b&paﬂe hexgfd 4arnde b fdRitdne;
2,3, 4, 4, 4- hexaf | uor o- 1-but’e 44 20hexafT’uofo- 1- but ene;
,1,2,3,3,4 IALM&%IBE@}WWLﬁmmne 11,11;2,22,3 %hmcaﬂuo@ptam uorlbl.2 3caib,f*ene

3

, 34, 4 4 - ;
18 RS 1150 S R ke

uor o- 2-1biyl 21%3,3; eptftuor dhutanen- 2- bm,aéhféflélhemaiﬂmmmtw o-12L,bdtehé: 1, 2, 4-
Hor 0 230 BlGrcbutid: 2 te”fii 1955 3-2n uorbéutgu%;ene; 1,1,1,2,3,4,4-

o]
0
raf | uor ene 25 1,17 uor o-

3- t et haplafloombatdnel ene; 11,1,122, 441;43he;aﬁﬂ1mmobut2ne but ene;1,1,1,3,3,4,4-
4-

tetrafl uor o-2- but enc; or 0- 2- but ene; 1, 1.2, 4-
Iuorohﬁptﬁﬁflgﬁ’é’“ tapey 1,3 hl‘p%at L?SF ‘g“'lﬁri-?ne ; 1?1,1,%,’2,3,},4-

,4,24 peatadiubtsbiand; but angl mﬂ,sacﬁoctéﬂp@ﬂbaifahuoro 2- bt EDE;4,4,4-
4, 4- pent af | ugr o- 2- but ene; 1,2,3,4-hexaf|l tioro-2 bgt eﬂng};4

2. 4, 4 GERERPIARENED _ hut ehd: 12 ? 44 4-ogtafluonebutaneat | yor L. Hedeh

1,1, 4, 4, 4- hgxafibotebaare; but enegy 1.2,013 2;431-40&%%0@1&&1&@0 24, mu{rmlﬁwo 2-
1,1,1,2,3,4, 4- hept af | uoro- 2- butene 1,1, hept af | uor o- 2- but ene; and

m xtures t haneBYPramaoea1 PPéf%ngloyo'ztfﬁ@hMW‘PWuor ocArlbb?r t?tsafhlog‘a@ at 25C

and a pr essq,r,é{h fpahfl. 3 'P'?%*ﬁtet@?ﬁo#&@lﬂéth? ;%Ebon '$ 18- tr} RR2E-220 Wt %
of the total n‘gl ned 35mass of ur and hydrocar bon

sol vent 25Th éﬂumomﬁhyl)mppm conpiils s-n%talﬁlypr%ﬁﬂmthn'@roppne, 1,1,3,3-
hydrof | uor OQ&FMré—%-@ﬂo?&%&ﬂyﬁH%ah&ai,1 ﬁ?f-?et&fﬂuorc;-g *(fluoromethyl)propane;

1,1,2-trifluorocyclobutane; 1,1,3-trifluorocyclobutane; 1,2,3-trifluorocyclobutane;

g ol ol
PR
WN-

w= =
— —h —h

PRPPR3NR

= -
= -
N

RPRRT R
o -
PNRPY WD T T

1,1,2,2-tetrafluorocyclobutane; 1,1,3,3-tetrafluorocyclobutane; 1,1,2,2.3-
pentafluorocyclobutane; 1,1,2,3,3-pentafluorocyclobutane; 1,1,2,2,3,3-
30 hexafluorocyclobutane; 1,1,2,2,3,4-hexafluorocyclobutane; 1,1,2,3,3,4-
hexafluorocyclobutane; 1,1,2,2,3,3,4-heptafluorocyclobutane; 1,1,2-
trifluoroethene; 1,1,2-trifluoropropene; 1,1,3-trifluoropropene; 1,2,3-
trifluoropropene; 1,3,3-trifluoropropene; 2,3,3-trifluoropropene; 3.3,3-
trifluoropropene;  1,1,2-trifluoro-1-butene;  1,1,3-trifluoro-1-butene;  1,1,4-
35  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-



5 the hydrocarbon solvent is required to produce the first liquid phase and
the second |iquid phase, as conpared to using nethyl chloride as a diluent
under theweanw/meddi tions. [0024] 1 n sone aspects of thi ecaitsedoapwsas t he
pol ymer slurry additionally conprises unreacted nononer(s), catalyst, or a
conmbi nation thereof. The first 10liquid phase conprises essentially all of
t he unreacted nononer(s), catalyst, or a conbination thereof, originally
present in the polyner slurry. The poLyﬂgy slurry further conprises a Lew s
acid, wherein the Lewis acid conprises a netal or netalloids from G oup 4,
5, 13, 14 or 15 of the Periodic Table of Elenents. [0025] Depending on the
pressure and tenperature of the process, a third isvapor phase may al so be
present, the third vapor phase conprising or consisting essentially of the
hydr of | uor otiusoer Luterent . 230 REuarodreutens e c 2,4.4-hifluprariobutewnn- Pidtrber
conprises p S d/ Q=ROL Ve of ,isphl NEy, LSAPr EAS, 1 _

par a- net hyl msqdﬁér%zl%m%%’a%%%&nﬁf’ ?ogg bél Ee)élf iaof4 ?éélj'gggﬁ%%/rg?gg%ﬂ? E%n iralljb ?ér

sl urry conptetrafisogr bbutemes hdrl , Hd-tetafhlord-d-abengg 201,08, 3vieiréfls@bt ldbuteiiére

hydr ocar bon-r. r urry i s at e ure of |less ¢ ual.to
ot o ileh ittt bt el RIREhRdE: Churien L 2300 B iR orar 1 4.
L he 1(‘1 I rst Ih'bﬁweh@t qus,_e,z;ﬁ&ma]glhslﬁsuﬁageslei hagz,a,WégpgﬂhogdwaﬁmprammﬁT ubber
ase on the taqta | t o t ocarpon-ru er 1nt (0] r S_ urry.
The secdhd Fet Par%ﬂ%ggenebnﬂr%gste%? rgql -‘Etﬁsw:gsla%ﬁ%-@ffaﬁﬂ@f -1-Blitent;
25hydr ocar bon-1 uhbesnRs adoRBnd; e, 3 aualetrdBicbl 1 -Bhtehéle DY dIP&akEAs- Lbber in

t he pol yner sIurry.ﬁ%OOZS In sone enbodi nents, the tenperature of the

adj usting sbesner ~ BiS4draeilepsarlebutangies3 Mmigmdlwore-1dotens: abble-boC.
[0029] I n additdaRdb- RBRRALMENS) 81a-bdiatRIcFS8 Mutdhs C! PF Y L4/ RhANESJ-f- a 30
hydr ocar bon-rubber conposition ' nmade by a nmethod conprising at |east one
process of bhuiesedldd, détpeatalBRret-EsSeR( IPTE AN-prmtaiiprpRANRES 10336t gure

1 shows 1 & pBQxﬁSﬂg&%gf-ﬁme%; t H?z,é,@{ﬁ&&ﬁﬂ%?&ﬁﬂéméyét eﬂbgt4,4-pentaﬂuoro-l-
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-

20  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; 1,1,1-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;

25 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-

30  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-heptafluoro-2-butene;
and mixtures thereof.

[0023] . Preferably, the hydrofluorocarbon is a gas at 25°C and a pressure
of 101.3 kPa-a. The hydrofluorocarbon is at least 20 wt% of the total combined

35 mass of the polymer slurry and the hydrocarbon solvent. The diluent further

comprises methyl chloride. The hydrofluorocarbon is selected such that more of



35butyl rubber, hexane and 1,1,1,2-tetrafluroethane (134a) at 25C. - 13- 5
100311Fi gure 2 shows a phase di agram of the three conponent system of butyl
rubber, hwoans/m@ndcl, 1, 1, 2-tetrafl uroet hane (134a) at - PET/USI@0B2MB3 gure 3
shows a conbi ned LCST and MST phase di agram of butyl rubber dissolved in
hexane using nethyl chloride (MeCl), 1,1,1,2- tetrafluoroethane (134a),

1, 1-difluoroethane (152a) and 1:1 blend of nethyl 10chloride and |

, 1-di fl uoroet hane. DETAI LED DESCRI PTI C]_\I]Q.00331Vari ous specific enbodi nents,
versions and exanpl es of the present distlosure will now be described,

i ncluding preferred enbodi nents and 15 definitions that are adopted herein
for purposes of understanding the clained invention. For determning

i nfringenment, the scope of the "invention" will refer to any one or nore of
t he appehdedthe hadnesarboncjolidinhgs eqavivesd entpsodusertbefiirshbiduisl phasst andithe

Limitati ) \ . ALF f
thi's di sl oStrhedRl Rt S Elhpidd f 3SR BENL Loy 80U 3 iR ARRT B, 0
pol ymer", " lydeoomtitioms.r ubber conposition”, "hydrocarbon-rubber”, and
"rubber" ar d i nterchangeabl ey ei and refer, to el astoner,

el astomeri ¢ [WF&osi ¢ JRSOBTE BEEGH h el EpEs e Poly el RS P Saabo6
defini tion. cEmpRBeanRhctod dhosEhaQs); cuabel, GOAIONSSnAVNY IREdcT) TABIRL

co- pol ymar(?) of isobutyl ene, isoprene, ﬁg]a-meth | styrene, or a 25
combi nat!P on 1Ay pase cppipsises eyspriplbndlbafl %@?a%vﬁmeam&%l, gt YA ymer s

 nol ude pol yi5@hukih UeeDR TPRRITES Sxert 504! i gREr LBAD! THE pbRMaYshirpDer)

copol ymers, isobutylene and para-nethyl styrene copol yirers, star-branched
but yl ~ r ubbedutthar sinyprises a hawis reid} whereirthe Heawisagidhremprses a metal or

hydr ocar bonvsuibGe RAIRSI 13l R9ENALEFS BAkY Fer6a) B O lRlkAacna. of

co-pol ymer(s) ot 301so ene, isoprene, para-nethyl styrene, or a
conbi nat i on [0S eof . 1DEEBdiIrEhen ther pressue ahg sempsratuegdf thef prosesspa arietd

i ncl udes.an i j r. othe l,¢C I es) used to .yze the
ol yner 13t VaRSiopsR el Sho e LR (IF 1 STB RAE BOmpES T f R
pol ymer s, assswatihllyef the Hydasftucvoerbon dilatnor, and optional ly ot her catal yst

conponent ('s) 100361The phrase "“suyitahl e merization conditions"
relates to t[?l%ﬁiel ect %‘no"(?fa%B%‘i ytﬁxgﬂygéqcf.%gnér@%%rﬁomls%Holélg}%gshéﬂ&nf wel |
wi thin the abigdlynieds) of3cBUBEAH)AssHree]/ pdr2 AT 14928e,- od 4- cEGmbinaten
skilled in ta% a‘ir&r ich alge gg)geg(?ai(ra&/ tﬁoﬁ%btai}g t%f production of a

desi red pol yRHEFO% hFiigi‘Ho Py PHODEE SIHEYSRIRRIFSES BRGRITTHRAR 98 FAUR p%ﬂ“i‘es.
There ang NUIBFAUSsAIREMhEh | @REa®bniriBbeH shirfyy isPRl Y idRIpe ZAbe VT 184s0H8S Br t O
produce hydrocar bon-rubber polyners, as well as nunerous variations in the

I
pol ymer i zat i®gHald8 FpewerrOSCavhan camtasteadoph Shruexirecarhen g ¥smon- r ubber havi ng
one i oor morgystsi red AbliioRMIE She RASEIFRGHANE 5FpriBQ LIt SN ofef er's
to a reactor effluent conprising
the hydrocarbon-rubber based on the total weight of the hydrocarbon-rubber in the
polymer slurry. The second liquid phase comprises greater than 95 wi% of the
25  hydrocarbon-rubber based on the total weight of the hydrocarbon-rubber in the
polymer slurry.
[0028] In some embodiments, the temperature of the adjusting step of this
disclosure ranges from about -100 to about 160°C.
[0029] In additional embodiments of the present disclosure relates to a
30 hydrocarbon-rubber composition made by a method comprising at least one

process of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Figure 1 shows a phase diagram of the three component system of

35  butyl rubber, hexane and 1,1,1,2-tetrafluroethane (134a) at 25°C.



any gas, vapor, liquid, or conbination thereof of the slurry after

pol yneri zation. The polynmer slurry includes the hydrofl uorocarbon dil uent
or m xturwoabosdiokasent s, sol vents, the unreacted nonomer CTAS2002/01033% Ot her
conponents in the feed or IS catal yst systens, and the hydrocarbon rubber
polymer. O course, the catal yst systemor catal yst system conponents are
present only to the extent they are present after polynerization. The
polymer slurry may al so refer to a hydr,acarbon rubber pol yner dispersed
wi t hi n a hydrofl uorocarbon diluent, whether or not the polyner slurry is a
direct reaction product. 20 [0038] The phrases "rubber cenent" and

"hydr ocar bon-rubber cenent" are used interchangeable herein, refers to

m xture(s) nmade fromrubber m xed in a solvent such as hexane, heptane or
benzene.5 Th0& Kkt ur e( §jgureRtshews aophmse dingrath lafidhe (lee cempenens systemdifor

unr eact ed 0 003 i Hytlng ,Q6~di ssol vi ng agent.
Hydr of | uor %@Vﬂ%ﬁg%hﬁ%ﬁngea%%lqi’gij’gbqtgg?ﬁ%gﬁlﬁ?gkji(a%ahgtg 1?0(:1 ncl ude particul ar
hydr of | uor of@82pns t h&igwcarn sicdwsaas coatbisgd TSI and &JCETM phade dihgranh efr  net al

conpl exes, jnifiators,,. noponets or other. additivyes jin.,a QroGess roduce
hydr ocar bonf?‘?tt’j b'é’ﬁ’gerbdic‘ssf’ﬁ’eaﬁi"bhheixﬁ‘&e hk’ﬂf’%cﬁ’?h’&' - PhigHdy &AS{éﬁcehmsﬁ not
readi |y sol ¢hbfluododttahe @BaS) i Ce-difluddbthatt GE2HURRI 1:NebRhl ueimdipgs not
alter the general nature_of the conponents of the 30 pol ynerization nmedi um
i.e., tHe coipofentdldrdiflierogthaleyst system nononers, etc. However, it is
recogni zed that interactions between the diluent and reactants may occur.
hi preferred enbodi nents, the diluent does not react wth the catal yst

syst em conpB¥IAH.ERINPERIPTEON t0 any appreci abl e extent. Additionally,

and unl ess gigagy i s SAERLLT Sileitl R SRTLE USLAIRY obRCLUiRT HrUies Of at

S
| east two 3 re diluents.” - e term “retrofi as used
her ei n neanpresentpdisslosive (vellpraoe dssdesaribah ihclodmgegreferpgd semhbodimentsfansk or y,
for exanple rts, devices I ui pnent net LN _existence or

avai |l able aée%ég?]so?rheaao%m oar%lfgféﬁa?errgrﬁ)ng a%‘tplﬁ’?séesa?lﬁfl Bgerftgnéli'ﬁl%t% Idé(;'rm efdlt (a
process, a imeniion.\Fordeteamirdag irdringéraentethangobpy of e “trsention’dwild refanto
existing structure of an pstin ol uti.on catianic pol ynerization plant or
o exi oti ng ST Gy AR e PRTRET (SAiETo TpiEiRe R TIPRSRE Bher
terns used blenehis dridhitdd®ng thi#asd @uivalitab thssedediteded as any contai ner (s)
in which a {cal reaction occuyrs. As used herein, .the new . nunbering
scheme for f‘ﬂ)gq}?eri od&%rf’é‘m%eb‘%ﬁﬁlé ‘H?‘éo?}gﬁd‘“as‘ﬁf’ Pl eIkto. AR terms

ENG NEER) NG h@i&carbsit-ibbe? 7 ( 138mher”P0l Y FBYdreBabER ritsiRd t 0 doafpkition”15
honmopol yners, copol yners, interpal yners, tenpolq¥‘rérers etc.. Likew sei a
copol yrer meyydresashon-gubbes s apdsrablisiypiesysag interdnanggablyperain and refer to

optional Iy ¥atl@nRidI8F IRNEIScorhfOIRIMNEN patyRRY BBhsisend fABMhedA S PMVES
conprising a nononmer, the nmononer is present 'in the polyner in the

pol yner i zedDXlapenO8t defieitivnndaamples iof bydisarbgermbbar gempgsen RFlymRKS)
mononer.  Li keyt,s ecorh@@lglﬂqet?@ aby stoﬂmﬁ%ﬂ@,eﬁtgépr@ﬂé} %lﬁﬁagﬁxbﬁl“;"‘ij %r&@ﬁp%ﬂnzi ng

neutral stable for e conponents, it 1s well understood by

ski |l | ed2i n epmbimation ttheteof hin iporfered mmhaglimeits, bydieoadon-ribbarhpolymers t hat
reacts with, r : r

paraffinic H{/C(lgurad Gear g}ér{%g%rt%g%ghg%ﬁ OIP gg)rﬁjgfsﬁguéfge%éég%@ggxa @ﬁéﬁ \?\ﬁ}%ﬁ?rray be
derived fronepdiemers; isobptylrhierandapadcamecthylsgrappiarglonesostanbraschpddpgybns

fromthe fo l.a, : r Al e o] [ '

der vedfr ofibet HRT Ry 4l B AW, Trondll B HD el o
f rom et hanec¢:Gpi3&eH3 halogashtede polykaer()004ntl/éyr y halogéeatad t @ogdhyrdeggar bHn
group c conjugated ring

rising,5 to 20 carbon 30 .atons, that for
ot ruct i chabESide: Bpprnrbatt drsion 28R shAgemLiEFondnSPRt 'O a6,
benzene, napiu3spl ene, THeasARt bdtalys: syBEnT @€8H €0 amhbhcludes hhkBewdacid(spossess
al ternating doybl e bondin "upsaturation”) within its strugture n aryl
group is ths og‘e@rfﬁﬁ'ﬁpﬂgﬁ"gééesgr‘ﬁﬁﬁ?éﬂ ot e pohimstiziay, ofi ks plefigione or
nore hydr oggfshofrleiNté NeroliRiaTH @rotti®Bna8bber polymers, as well as at least one

initiator, and optionally other catalyst component(s).

35  [0036] The phrase “suitable polymerization conditions™ relates to the

selection of polymerization conditions and components, well within the ability of



35for exanpl e, phenyl, or C6H5. -16- 5 [0045]The term "substituted
functional group(s)" refers to replacenent of at | east one hydrogen atom on
t he functwonaés/gessap (e.g., al kyl, al kene, al kyne, aryl pcoyusato7ioesss one
substituent selected from for exanple, hal ogen (chlorine, brom ne,
fluorine, or iodine), amno, nitro, sulfoxy (sulfonate or al kyl sulfonate),
thiol, alkylthiol, and hydroxyl; alkyl, straight or branched chain having 1
to 20 lo carbon atons which includes mefpyl, ethyl, propyl, tert-butyl,

i sopropyl, isobutyl, etc.; alkoxy, straight or branched chai n al koxy havi ng
1 to 20 carbon atons, and includes, for exanple, nethoxy, ethoxy, propoxy,

i sopropoxy, butoxy, isobutoxy, secondary butoxy, tertiary but oxy,

pentyl oxy, isopentyl oxy, hexyloxy, heptryloxy, octyloxy, nonyloxy, and
decyl oxys$ hmqgalskyféd ipthe hrtmth@ aye MEERFRATY 3P obtain dhreBrotsetien Af aldksiredhavi ng
1 to 20 car nfH O d t I

[ 00461The tg&rr% %sgﬁz%\lgﬂa??y ﬁce%k' n%%%{ts‘:&l ?%lcgh t?gglzt p%}?g%‘ ?%@12: Iafcqui d
phase wher emnmatodsea:stm@i@tmn%oﬁ thhe shmtyeriicdymemzationa psocegh etd i proddcephase
Accordi ngly sent eneous_lj Q hase need. not compgise a

si ngl e 20phX¥d" roc fm' t}g‘?rncl? ?ﬂ'@e%esgst har%i 1gwt a}gg]femugl i qeiaignt (& n% vari ous
conponent s, pwtylm:dinzaﬁen a@hptmédtyafhtlamltmpdodu&etahgrdmmmdjl-nmasnehavw]mr s and
Polyners 100471 useful in the present disclosure include any

hydr ocarBon °FBIPS ?mt é?“ {PSbe cationically pol ynerized using a Lewi s acid

25 di sperseqgoazyia dil upry hrE’§ee4;ﬁﬂyﬁsr SRR RIFSrsit0 @l rdaRoOflueht dERiRistig
ol efins, al pha-olefins, d?subsh tuted ol efins,. isoolefins, conj yugat ed

di enes, non-RABYERHGAPER liwdherr C@?‘}/‘P@Fﬁ‘bg’eéﬁﬁ’é/ogr‘h% §hum; #ftarere] %‘P?’r‘i&’t‘i"&s and

vinyl ether Srheyzs?yrﬁtryﬂe&y GndTB¥estifie ﬁgé’k%tﬂhbwcﬁﬂ)oﬁqmdeh?of e dindnisal Kyl
aryl, halide or dl koxide group. Preferab ¥1 the nonomer contains 2 to 20
Wi

carbon at onsolvantse ther Bﬁr@lﬁ%tbﬂ yIonQroers, as Foptheggopwenartain yhg feed or car bon
at oms. a”Q-a&?ysP yRE{?& CLLE Qhéﬁ lh?mcﬁﬁrﬂoﬂcllulﬁg & P%li%rgeg.e ofP@useltky lestaKsene,

par a- met hyl styrene ha- et rene nzene,
di i sopr open;pbfﬁemzelneatal}sbbmtyﬂnecmnp@aeum gl p@serbuforémeo Be netténg| they [ ene,

2- nethyl-2-pent e ren ne net h bu
| 3- pi nene, ncilsfz réteanrigdr pé),?%rgfdn?‘raetoﬁ'y ?&) P e“ﬁe'er S ng( 3'311(5t P earltsecym[%e %0 g@%ﬁb%qg%ne
pi peryl eri e rulhei lerﬁ&vdhﬂyérseﬁi hvithin ehblgﬂofhnbrqdarlﬂirmmenandhethm‘bu‘t ndt the nyl

et her and the I|ke1 anong. |l so b gonbl nati ons of two or nore
monorers.  SOPERFSTEIHERE 6?)0& PRP - 17- 5 al so be used nmonomers.
Preferred bljogdgjcopol ymee q)htzn;eé u‘dﬁ;heepxahwﬁ’r and f“hgttcarbonsubbaiClenent™

styrene, para- msth | st ha- CD di ol efins
such as i soffeh¥d!? %t’é“g??g"e Sﬁ 1.1 efsi ’%ﬁF?ﬁg&ﬂ%gq-F‘if“ﬁP@?eém‘éﬁg%ﬁoner
conbi nat i on%olv@ﬁt g@tﬂt aa hleﬁ&ttwtne ene &nﬂer&@ﬁ@ Tm@httxtur@qsyifmeer%onhmsnt yl ene

and i soprene, as well honmopol ymers of i sobutyl ene o[ 0048] Addi tional ly,
preferred msHYRRKD: ?%@D’E‘démtfﬁb%reﬁﬁﬁ‘t‘ mQN@MEEES?-oni cal |y pol yneri zabl e as

described i no6#y)i oni ¢ BaLyAEhkd hmu%gqre&smvm@ a%htt A ro 1B B4BbY
Joseph Kenned%{l WI ey I nterscience, New York 1975, nonmers include any
gn

nononer 2hatdi fclats'p@mﬁ@adm definshyminglydepasticwarc hydigfivoresurbapnibacsan ahat ar e
capabl e of skaBiJehtd RE fle THWIOWAE, HHEPARRN Ao SEMSE iniREOAY Honomers or

other additives in a process to produce hydrocarbon-rubber, but in which the

hydrocarbon-rubber produced is not readily soluble. In the practice of this
disclosure, the diluent does not alter the general nature of the components of the
30  polymerization medium, i.e., the components of the catalyst system, monomers,
etc. However, it is recognized that interactions between the diluent and reactants
may occur. In preferred embodiments, the diluent does not react with the catalyst
system components, monomers, etc. to any appreciable extent. Additionally, and
unless otherwise specified, the term diluent may include mixtures of at least two

35 or more diluents.



15 the nononer contains an el ectron donating group. For a detailed

di scussion of cationic catalysis please see Cationic Polynerization of

A ef i ns, WOQGnistioeab | nventory, Joseph Kennedy, W/ ey | ntreramscenne)3sNew Yor k
1975. [0049] The nononers may be present in the polynerization mediumin an
anount ranging from75 w%to 0.01 wt% in one enbodinent, alternatively 60
20 % to 0.1 wt% alternatively from40 wt%to 0.2 w% alternatively 30
to 0.5 % alternatively 20wt %to 0.8 w% alternatively and from15 wt %
to 1 W% in anot her enbodi nent. 100501The process of this disclosure may be
applied to the separation of a broad range of polyners. Illustrative of

sol ution polynerization processes to 25 which the separation process of
this disclosure may be applied are processes for prepari r]g butyl rubber,

pol yi sopt ent048b| ychl dhepeenéretpdity atused daeein pesiaps @ @revide (a process, a

et hyl ene- pr {ﬁlﬂﬁj < QN i.enes
whi ch may bggﬁ%ﬁgﬁgéegp @%ﬁ%&%ﬁ% ?tﬁgt’ E% | r@%ﬁﬁgh%? ﬁyi enéegghglg‘g%ﬁ&ﬁg{n

et hyl i dene norinexiserss ot availablaali the 8 medifoyriging emradicture, andfod to nstdli dee.

O her 30 pr rred pol LS. include.copol yner f. 1) isobutyl ene.gnd an

2l Kyl styr ondt Grioeste il Bty 86 60 38, FRe e, JE8E b e 0

di scl osure bsuquefdaalxktimppbhribntcatibhie pdpasaiation pddntios aaleeisting gRiryyer s
and copol yners. .%805%l.n one enpodi ment butyl polyners are prepared by
reacti ng®a catl Y2 BIPRE the mixture having at least (1) a C4 to CB

i sool efin NMpUATEr 35C OVERRAG Bithet Uedngset TRRIH BGuId 4 Feaktdk, Whidhlié dofigdd n, or
conj ugat ed di ene nononer_ conponent. The isoolefinis in range from 70 to

: . ( a
99.5 wt % by2h@ryRerBncH(Ebin whigh a chepgcalgeagipnrefedrs: diskissfderainothe new
embodi ment , nfmbkfngd Ittt Fri e %ﬂggﬁwm@@ﬁbgﬁm 1534 ¥R lin AT pHNAG AL O di ment

the isoolefinis in the range of to 99.5 Yo The conjugat ed di ene
conponent | ENGNEERHOANRYAL 6365)pr 26P8%n Polzmesnmarnbe whedt ta @cfarof 30 to

0.5 W %in BRAek: r . 508 9] nQthey ; ingnt. In
yet anot%er ﬂgﬁ%)gdl nen%p,a%%%p‘ger%’oqgl.e&éo vl\% I&)e'%f ﬁg%&gh%(r)ﬁo(r%gﬁerh%%?ﬂr eis
conj ugat ed @ppeigmeTmayGéfer do @opdlymer efnprising abéeashbve manomersfoptiondlin ene,

2-met hyl -1 - hut - yl -1 -butene, 2-nethyl-2-butene, and 4-nethyl -1
- pent ene. Tr@&nﬁpﬁn&&é%%ghay be a C4 to Cm conjugated di ene such as

i soprene, bl@Gdliene, 2AVBeuianpbhynierlis3rdfeitraditens, cdidppising ne, mononea@nehe 6, 6-

of 15 L he bAITI LRI e POFIR 1L i B Bt oBn gAY FiSgoBy PEALL | ng
85 to 995 wWdaefivitbebisiyl 6Nehavmidholier! DikEwasaMWhdrS OREBRE co@pohdhts @aet i ng

95 to 99.5 %isgbutyl ene with 5.&% wo%tg 0.5 gt%isoprene in yet a} ot her
enbodi ment . SEBINE) 23 CPESHECBEHERY FARICa RS, PEARS SRERPIGESH it W Ibe
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orm that reacts with the monomers to produce polymers.

[0043] Alkyl refers to a paraffinic hydrocarbon group having from 2 to 20
25  carbon atoms, which may be derived from the corresponding alkane by dropping
one or more hydrogens from the formula, such as, for example, a methyl group
(CH3) which is derived from methane (CH,), or an ethyl group (CH3CH,) which is
derived from ethane (CH3CHj3), and the like.
[0044] Aryl refers to a hydrocarbon group comprising 5 to 20 carbon
30 atoms, that forms a conjugated ring structure characteristic of aromatic
compounds such as, for example, benzene, naphthalene, phenanthrene,
anthracene, and the like, which possess alternating double bonding
(“unsaturation’) within its structure. An aryl group is thus a group derived from an
aromatic compound by dropping one or more hydrogens from the formula such as,

35 for example, phenyl, or C¢Hs.



85 87.3 5 4.2. 92 93.3 8 6.7 95 95.9 15 12.7 99.5 99.6 30 26.1 a. IC4 -
| sobutyl enc 20b. 1C5 - isoprene [0052] This disclosure further relates to
t er pol ynmewe 2a08thoezbr apol ynmer s conpri si ng any conbi nat i orcofuskévg/omsadner s
| i sted above. Preferred terpolyners and tetrapol yners include pol yners
conprising isobutyl ene, isoprene and divinyl benzene, pol yners conpri sing
| sobut yl ene, para-al kyl styrene (preferably 25 paranethyl styrene) and

i soprene, polymers conpri sing cyclopeqﬁ%gjene, i sobutyl ene, and par aal ky
styrene (preferably paranethyl styrene), polyners of isobutylene

cycl opent adi ene and i soprene, polyners conprising cycl opentadi ene,

5 [0045] The term “substituted functional group(s)” refers to replacement of
at least one hydrogen atom on the functional group (e.g., alkyl, alkene, alkyne,
aryl) by at least one substituent selected from, for example, halogen (chlorine,
bromine, fluorine, or iodine), amino, nitro, sulfoxy (sulfonate or alkyl sulfonate),
thiol, alkylthiol, and hydroxyl; alkyl, straight or branched chain having 1 to 20

10  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

15 chain alkyl having 1 to 20 carbon atoms which is substituted by at least one
halogen.

[0046] The term “essentially homogeneous liquid phase” refers to a liquid
phase wherein at lcast 99 wt% of the material is in a single liquid phase
Accordingly, an essentially homogeneous liquid phase need not comprise a single

20  phase, but may include less than 1 wt% of solids including various components,
which are not fully dissolved in the liquid phase.

Monomers and Polymers

[0047] Monomers useful in the present disclosure include any
hydrocarbon monomer that may be cationically polymerized using a Lewis acid
25  dispersed in a diluent. Preferred monomers include one or more of olefins, alpha-
olefins, disubstituted olefins, isoolefins, conjugated dienes, non-conjugated
dienes, styrenics and/or substituted styrenics and vinyl ethers. The styrenic may be
substituted (on the ring) with an alkyl, aryl, halide or alkoxide group. Preferably,
the monomer contains 2 to 20 carbon atoms, more preferably 2 to 9, even more
30 preferably 3 to 9 carbon atoms. Examples of preferred olefins include styrene,
para-alkylstyrene, para-methylstyrene, alpha-methyl styrene, divinylbenzene,
diisopropenylbenzene, isobutylene, 2-methyl-1-butene, 3-methyl-1-butene, 2-
methyl-2-pentene, isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, B-pinene,
myrcene, 6,6-dimethyl-fulvene, hexadiene, cyclopentadiene, piperylene, methyl
35  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



- 19 - 5 isobutylene, and nethyl cycl opentadi ene, polynmers conprising

i sobutyl ene, paranethyl styrene and cycl opentadi ene. Lewis Acid [0053] The
Lew s aciwo(adszw234ef erred to as the co-initiator or catacydiSpoorayosbe any
Lewi s acid based on netals or netalloids from Goups 4, 5 13, 14 or 15 of
10 the Periodic Table of' the Elenents, including boron, alumnum gallium
indium titanium zirconium tin, vanadium arsenic, antinony, and bisnuth.
One skilled in the art will recognize tll"xf';\t sone el enents are better suited
in the.practice of this disclosure. In one enbodinent, the netals are

al um num boron and titanium wth alum num being desirable. Illustrative
exanpl es i nclude Al C13, (alkyl)AlICl2, 15(C2H5)A102, (C21302A1Cl1 and
(C21-15) 3Al 2C13, BF3, SnCl4, Ti Cl4. [0054] Additionally, Lewi s acids may be
any of thoselsaslks wised rmemameni Prefoirgdrelpglatdopalyafers soeludg | eapelysugrsl giner s

i ncl uding: gl un ichl oride,  al uni i by oni hy! al o
i chi‘or | de, SoTTP S Eh el By PhE R BRI E: BC

met hyl al um diolefttisc hduohi de,isoprthe;| dlnadienamana sesdikec Paticwlegly preferred

di met hyl al umi num chl orj.de, bor.o rifluori titgniumtetrachl oride, etc.
Wt ot hyl PSR SRERhoTo oo by Fbunsmods BPeREO G BRs 0
preferred. [L0b8ldmeWngd iaprélse, 416118 hoRiopylyaldsbNR¥BIEGIOYAO) and

speci ficall I desie%le_d weakly coordinating Lewi s acids such as B(C6F5)3
are al s suil9048l e 251 tiditiorallys arelRITRd ¢ HBORUMEIE x t InEHdE hithossi sthirbs afe.

100561As ongatidfliddI§dpd1PmbRSatAE las Weldrite@GRA W Zfid oL PEENBA LY @18khs! 145t 1 N
of Lewis acids is not exhaustive and is provided for illustration. For a

mor e i nf or n&¥itsAl rieyenaninglasenh sKeonasly, | Wilsy| Jwisiscieacs.oNepr ofeksdg75see,
]I;(C):rl'/ Eéggﬂg%% 6?%%#%%? %%’?ﬁ {rlll:a?}sal\tgt% ?)iro gig%{éy §B§{Ie;}plt%ﬁtl%’s I s%sl tggﬁer e are
t hose i niti manomenhiteh axg cappbpabl stabilizhg mgatonpt eravgpting centérn bdsiavsadi | uent
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050UD) o Ll R R B0, R v 19 201 and
[0049] The monomers may be present in the polymerization medium in an
amount ranging from 75 wt% to 0.01 wt% in one embodiment, alternatively 60
20 wt% to 0.1 wt%, alternatively from 40 wt% to 0.2 wt%, alternatively 30 to 0.5
wt%, alternatively 20wt% to 0.8 wt%, alternatively and from 15 wt% to 1 wt% in
another embodiment.
[0050] The process of this disclosure may be applied to the separation of a
broad range of polymers. Illustrative of solution polymerization processes to
25  which the separation process of this disclosure may be applied are processes for
preparing butyl rubber, polyisoprene, polychloroprene, polybutadiene, polybutene,
ethylene-propylene rubber (EPM), ethylene propylene-nonconjugated dienes
which may be utilized in preparing EPDM include methylene norbornene,
ethylidene norbornene, 1-4 hexadiene, dicyclopentadiene, and the like. Other
30  preferred polymers include copolymers of 1) isobutylene and an alkylstyrene; and
2) isobutylene and isoprene. The process of this disclosure is preferably applied to
the separation of isoolefin polymers and copolymers.
[0051] In one embodiment butyl polymers are prepared by reacting a
comonomer mixture, the mixture having at least (1) a C4 to Cg isoolefin monomer
35  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
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isobutylene, and paraalkyl styrene (preferably paramethyl styrene), polymers of

isobutylene cyclopentadiene and isoprene, polymers comprising cyclopentadiene,



[ 0064] The order of contacting the nononer feed-stream catalyst,

initiator, and diluent may vary from one enbodi nent to another. For a nore
i nf or mat iwo 20@g@medbng pol ynmeri zati on processes, see, foPCEAB2W7R10333

I nternational 25 Application Nos. PCT/US03/ 40903 and PCT/ US03/40340.

Sel ection of the Hydrofluorocarbon Diluent [00651Hydrofl uorocarbons are
preferably used as diluents in the present disclosure, alone or in

conbi nation wi th other hydrofl uorocar b or in conbination wth other
solvents, diluents, and the |ike. For purposes of this 30 disclosure and
the clains thereto, hydrofluorocarbons ("HFC s" or "HFC') are defined to be
saturated or unsaturated conpounds consisting essentially of hydrogen, -
carbon and fluorine, provided the HFC conprises at |east one carbon atom

at | easts onsohyidiangerandt amthyld caelopentadicame PolymsTs reomapiining (90B1FRe et hod

of the‘lnStBQ%“}H} gk8€8£§ g a(glg%dlscovery that the 35anpbunt of the

HFC di | uent I qui d phase separation of a solution
conpri sed olLewiswddocar bon- rubber a hydrocarbon solvent and an HFC - 22 -

5diluent is ifica | ess uir,ed for. chlorl te

hydr ocar bon[(g‘ilsgﬂents rs]l&heyt%eav%lsr?ﬁﬁéi]socrﬁfgfflg 35 di SouBltateEer G ?alef%tgf%ayof t he
present di Sﬁé@ﬁjdLewl’@abl 1@ea@h?rmﬁﬁés&edetaﬂoxﬁh&§gle}ewd sav,:sng.aaugleants shen put
in contact a soluti of a hydraoc on rubber, dissolv in
hydrocaﬂ%onw%q%c Thbleglghe gmentpneluding haron, aluspintsp.egalliyp; jndhyg, §

for mation ofitdnfin MAficRGER DA VaHRREM, RREYERAnt@hchyl AR BfsahAR! OnSaikd @ i n the
HFC di l uent, while the hydrocar bon-r ubber i s pref’erabl y essenti al |

i nsol ubl e i the #& wiaeepgnizsthat some Plometeprsobsiter [uitedm thel pragtice) of t§‘~“g;as at

25C and 10143 kRare21PbndPERBSHRRnt, BR Mals AR, bBFcﬁxSamftﬁamHHi e L O
each diluent -polyner-solvent system the systemcan be caused t0 separate

into disti netunpna@ebemgsdmmbiml Husiraiiyee gamples wlcbglguAéCbe\(@lkbeﬂfﬁb
B csont 1 s o BHR e o Bl AR R AR P B I of the
hydr ocar bon{¢08dper sl wkd@ntmmlty tlkesvibk adide caab ba awlafethme seyfal B caonaf  t he
P o et TS U SRS, SRR Ml BT
di l uent, andhuwbihem &)ﬁrbﬁhﬁt&g@hﬂ@lﬁpﬂmﬂﬂsdlchlonde ethylaluminum sesquichloride,
diethylaluminum chloride, methylaluminum dichloride, methylaluminum
20  sesquichloride, dimethylaluminum chloride, boron trifluoride, titanium
tetrachloride, etc. with ethylaluminum dichloride and ethylaluminum
sesquichloride being preferred.
[0055] Lewis acids such as methylaluminoxane (MAO) and specifically
designed weakly coordinating Lewis acids such as B(CgFs); are also suitable
25  Lewis acids within the context of this disclosure.
[0056] As one skilled in the art will reéognize 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.
30 Initiator
[0057] Initiators useful in this disclosure are those initiators which are
capable of being complexed in a suitable diluent with the chosen Lewis acid to
yield a complex which rapidly reacts with the olefin thereby forming a
propagating polymer chain. Illustrative examples include Brensted acids such as
35 H,O, HCl, RCOOH (wherein R is an alkyl group), and alkyl halides, such as
(CH3);CCl, CgHsC(CH;),Cl and (2-Chloro-2,4,4-trimethylpentane). More



1006911 n certain enbodi nents, the diluent conprises hydrofl uorocarbons
represented by the formula. Cx1-1),F, wherein x is an integer from1 to 10,
al t er nat iwelgosfmoesws| to 9, alternatively from1l to 8, alCeEmusat7weisgsfrom 1
to 7, 25 alternatively from1 to 6, alternatively from1l to 5,
alternatively from1 to 4, alternatively from1l to 3, nost preferably 2
carbon atons, whereiny is at least 1 and z is at |east |I.

1007011l lustrative exanpl es include fl onet hane; di fl uoronet hane;
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hydrocarbon-rubber slurry wutilized in this disclosure may be produced in “butyl
reactors.” Illustrative examples include any reactor selected from the group
consisting of a continuous flow stirred tank reactor, a plug flow reactor, a moving
25  belt or drum reactor, a jet or nozzle reactor, a tubular reactor, and an
autorefrigerated boiling-pool reactor.
[0061] In preferred embodiments, the hydrocarbon-rubber slurry is
produced using a slurry polymerization process. The polymerization processes of
this disclosure are preferably a cationic polymerization process. The
30  polymerization process of this disclosure may be a continuous polymerization
process. The polymerization processes of this disclosure may be a polymerization
processes for the production of C4-C; isoolefin polymers such as isobutylene
based polymers.
[0062] The reacted monomers within the reactor form part of a slurry. In
35  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
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uor o- 2- et hydthqr opboimeit, the Soncenirdtionuof s (i Isluery is pe¢denpinr thp aesstor

1,1,1,3,3 -

-tetrafl uor §oB ¢f10y

t af | -2- . 35nmeth . 1,1,.3,3 : o
S5 0100 GRLEn I8 VBT ORURE' SRpodimetivgth; Gegpipaigpogt solds in

(f 1 uor onet hylurie pagient ih the Zedctdrifrdiarsoeyrd wdles. dAdet dnotlerembodiment, the
-trifluorocycl obutane; - 24 - 51,2,3-trit|uprocyclobﬁ%ane;l,

, 2, 2- t et§ af FoRfEBEGUPRBEEAIfS, 1B slurgy eoncepiratign RIEREHE b

tTeRtor fjfom 10 to

1,1,2, 2, 3- pgot d1b4lotP e | iter NEnBodithest, Sihd~ cORRhhiMP IACHHAS DI afiry
1,1, 2, 2,3, 3-hexaf |l uorocycl obutane; 1 ,1 ,2,2,3,4- hexafl uorocycl obut an
, 2, 3, 3, 4- hegamqegpben dp aeseRhdn 1thereaptop from 13- toh 2Bt v Yoy dno¥sic reRIE

and m xt ur egnfulginsh, MR%onREHAHRGDI YIRSy dhddRSAIdH Rl st the
descri bed below. Particul ar yg@geferred I-1'FC°diluents include 1,1, 1-

trifl uoroet keageor from 2@jtp| {{bv

e€s Ol unsaturate

11,1, ?f t eLodd Honos! Q@ﬁ&n%ii@& isog{etsérﬁqhgﬁ%]¥e ?%?rff‘c{n‘i 991070 vol%. In yet

[0071] 11

ustrative exanp

uor ocar bons I nc

oct af |

4

e:;l1,1
ne;

himget arother] embodimeant.athie ennsentring ofyi t h

1,1

, 2-tri f | uor esvthenembodin®nt.rihé comeoprbpentsdids in3lurry Edneentogiapie pesstnl, 3-
15trifluor OB ARENGetor from 30 to 70 vol%. In yet another embodiment, the concentration

20

25

of solids in slurry concentration is present in the reactor from 40 to 70 vol%.
[0063] The temperature at which the hydrocarbon-rubber slurry is
produced may be less than -20°C, preferably less than -40°C, with less than -50°C
being more preferred.

[0064] The order of contacting the monomer feed-stream, -catalyst,
initiator, and diluent may vary from one embodiment to another. For a more
information regarding polymerization processes, see, for example, International
Application Nos. PCT/US03/40903 and PCT/US03/40340.

Selection of the Hydrofluorocarbon Diluent

[0065] Hydrofluorocarbons are preferably used as diluents in the present
disclosure, alone or in combination with other hydrofluorocarbons or in
combination with other solvents, diluents, and the like. For purposes of this
disclosure and the claims thereto, hydrofluorocarbons (“HFC’s” or “HFC”) are
defined to be saturated or unsaturated compounds consisting essentially of
hydrogen, carbon and fluorine, provided the HFC comprises at least one carbon
atom, at least one hydrogen atom and at least one fluorine atom.

[0066] The method of the instant invention relies on the discovery that the
amount of the HFC diluent that leads to liquid-liquid phase separation of a

solution comprised of a hydrocarbon-rubber, a hydrocarbon solvent and an HFC



trifluoropropene; trifluoro- 1 -butene; trifluoro-I|-butene;
trifluoro-I-butene; 1,3,3-trifluoropropene; 1,1 ,2-trifluoro-1-butene; 1
, 2, 3-tri fwoanes/ab234but ene; 1 ,3,4-trifluoro-1 -butene; PCT/US2007/010333
2,3,4-trifluoro-1-butene; 2,3,3-trifluoropropene; 1,1 ,3-trifluoro-1
-butene; 1 ,2,4-trifluoro- 1 - butene ; 1 ,4,4-trifluoro-1 -butene;

2,4, 4-trifluoro-1-butene; 3,3,3- 1,1,4- 1,3,3- 3,3,4- 20trifluoro-1
-butene; 3,4,4-trifluoro-1 -butane; 4, A‘zf trifluoro- 1 -butene; 1,1, 2, 3-
tetrafluoro-1 -butene; 1 ,1,2,4-tetrafltoro-1 -butene; 1,1 ,3,3 -tetrafl
uoro-1 -butene; 1,1 , 3, 4- tetrafluoro 1 -butene; 1,1,4,4- tetrafluoro- 1
-butene; 1,2,3,3-tetrafluoro-I|butene; | , 2,3, 4-tet rafl uoro-1 -butene;
1,2,4,4-tetrafluoro-1-butene; 1,3 ,3,4- tetrafluoro-1 -butene; 1,3

, 4, 4-t et ¥ af Hilwensisisighificamnidy less than thatireguizgd {oo chlorinaiggihydeocapt®n diluents
2,3,3,4- tet o) D 4

54 4 a1 ot S HCembt DhRRE: st i Bl BPREE prbsedd i @AEe may be
3,4, 4, 4-t et chdrheternized ds pktase ee;m;rating agenﬁszwﬁq:mpuparntcaftdmlomd} 1 selutiberod;a 1, 1
2,3 ,4-p afluo,ro or

TS e kA E P b el if 4 hufipCfoR SBhRNE R Bidcn, B ESvse

1,4, 4, 4- peah@frhomdmerd utilifedni f&m?atﬁ)n?mﬂ tﬁeﬂi)aifrbcalﬂ&lhﬂrubber ol e ade, 2,3

4, 4- etafl or O- 0 uoro-. 1 .-bute
T3 a0 p@rf-# @Puo%oalbie Hbﬁ@nﬁFSﬂlé‘enf ml’e tbgﬁwé caﬁlpa-rfbbw @Ff‘éeragly
4, 4, 4- pegeafidiiomSolubleiR¥hENEC cimilamZ 3, 3, 4- hexaf | uoro- 1 - butene 1
, 3,4, 4-hexafluoro- 1 -butene; 1,1, 2, 4,4, 4 hexaf | uor o- - but ene;
3,4, 4-

§R06T1 | uor draferably ahe HFC djlugnuisp gahak 267G @nd- 1q1 3 BBP‘@n‘éf
f h |
4prdigael Behl 9- %émcﬁ)w' i)'?gs’sﬁre vy cﬁrestzo edth gi%é?]ft Heryg\e; gf%ﬁpe

4,4, 4

| uor o- I-butene 1,1, or o- ut ene

| uor osy_stexbu@}@qeystqm 1can b(: rqafx$qglotms@;agmem@ distinct phases isothermal

ri,flu i ten

tl‘lgf I S%C?%a%ipgﬁﬁgﬁsesu% % %ﬁr{g ﬁ?fé}eg&@ {')J'"?ene % BH ks ' homogeneous

uor o- 2spsi¢rene; 1,1, 1, 2- tetrafl uor o- 2- but ene;

3-tetr or o- 2- ut tetr .uqr o- 2- but ene;:

3 el UafdstOr O 2B SR e dr e ELER! H90832 1P £ BScrca such th

4-t et lupfnh lmnch-olﬁLmerﬂwdr&caibdn alﬁbef)&lhira)f |wiehi ah@ -Hydteagionlsdlydnt2, 4-

| uor o- 2- but ene; lﬁl ent af l uoro-2-but e h
pé?Ha&‘ftf%P%”‘f P a&sﬁf)é Sf"frf @@%é%%%ﬁ%ﬂtfﬂﬁ&?@ﬁ%ﬂs the

4, 4-

424- peytsT bhd LOST, ByiHeRehinkd ¥olda %l@eﬂtﬁtﬂﬁ@@:f Sdtéin 2fr@ibBBhomers,
, 2,4, 4- hexaf |l uor o- 2- butene; 1,1,1,3,4,4 exafl wuoro-2-butene ;
4,4

2,3,

e

—y

"4 4. 4 eHEE diept and gihen gxtranepus campaundshexaf | uor o- 2- but ene:
4.1do e@?pt af | qar&r@mbé&{ﬁ@&meﬁtsl tHe 311&:14&:1&?1@&@?1 d%@ﬂQo:%c&%ﬁé\e and

S her i ncludi ng m xtures of saturated Fl descri bed
represented by the formula: C.H,F, wherein x is an mteger from 1 to 10,

I—‘Hl—‘l—‘l—‘g_l—‘l—‘H”i—"

3.1

4
I
1
2
, 3
ta

, 1,
2
1
1
1
u
e

OXkFPRRPRRPRINRER

Q
O

alternatively from 1 to 9, alternatively from 1 to 8, alternatively from 1 to 7,
25  alternatively from 1 to 6, alternatively from 1 to 5, alternatively from 1 to 4,
alternatively from 1 to 3, most preferably 2 carbon atoms, wherein y is at least 1
and z is at least 1.
[0070] IHustrative examples include fluoromethane; difluoromethane;
trifluoromethane; fluoroethane; 1,1-difluoroethane; 1,2-difluoroethane; 1,1,1-
30  trifluoroethane; 1,1,2-trifluoroethane; 1,1,1,2-tetrafluoroethane; 1,1,2,2-
tetrafluoroethane; 1,1,1,2,2-pentafluoroethane; 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;
35  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-pentafluoropropane;



15 [0072] The diluent may al so conprise a blend conprising one or nore of

t he above HFC diluents in conbination with one or nore substituted or
unsubst i twbedosalokmnes, al kenes, al kynes, or a conbi nat i eaTtusesgmig3deach
conprising from1l to 10 carbon atons, preferably 1 to 5 carbon atons, with
1 to 3 carbon atons being nost preferred. 20. [0073]1n an enbodi nent, the
di luent may conprise a blend with nmethyl chloride wherein such blend
conprises 5 to 90 wei ght percent of nethyl chloride based on the conbined
wei ght of the nethyl chloride and the HFC present in the nmixture,
alternatively between 5 and 80 weight % alternatively between 5 and 70
weight %, alternatively between 5 and 60 weight % alternatively between 5
and 25 50 weight percent, alternatively between 5 and 40 wei ght percent,

al t er nat3 vely ;hadveestafBiomentopmenei gitl, basthexafhiorenrapaneyel y el Aesdr 5 and
20 wei ght % vely be % [00 I t her
enbodi nment ﬁ%&%gﬁfggcﬁfrg rdeél urry gﬁeﬁﬁ’g%p?%%g#tgrdsgb%tgsure |sYg|]*le?g?2% |y
essenti al | yhépteﬁumrbprmahey, chl.012,318,3-dpeafbiaropopant; i allll; 1 30fluérobutane;
defined as chl |de ot 1ntent d to,t

pol ynmer sl u\rmyi ?TI‘FE eﬁet hg‘rl 1%‘%@’% My e>r<l1| is’tgntgtis ér %ru%g]g i Uzplft f or
exarr:p: e, | eﬁﬁﬂﬁd}aﬂuﬁnw P/fz 3ahﬁhefoahtaﬁe{ ess3 trmﬂbrﬁblﬁaw %,2, ﬂugeup:[]o@hmnabl y

Wi t ess than % jin vari ol v r eact and .ot

conponet?s &l l%é ‘EW?“T%?S?JI.{H gﬁ‘ﬁf rcé?%%’c?rrre ﬁt%&et’ﬁﬂt‘f’ %HPQeUsed in
combi nat i on 1 3 h-13GAMGrebutiRy: € 93ZES téthhibrdtutddes pph;zrmtdt@ahbmu&ueh as
car bon di oxi dé ni trogen, hydro en, argon, neon, hellun% aépton xenon,

and/ or ot hed: 1|,$,§Tt9tr@f3§§gbutmeef eFdeld- tetrafb“)fo% LA YPIOSHIEIFOX de

and/or nitrqgesn 3-t€{r§lf11%rQMt¥me i ngpty @-@&@ﬁ]tﬁ?&)dtihem edoni Nati@flbfibuthnehase at
entry to the reactor. |0076] the HEC diluent is typically present at 1 to

100 vol une %%é,éetqtrm@mobmnq,oeaﬁ Jottaftuossbutene; dl .l ehE Pepipflupeobutane;
hydrocarpon %’4&%‘6‘)‘%@5 ernativ H 2b43 ugro@ggng,oo vol YAB 95

r
al ternat? vel S/ E 0 10 vG ter nati vely betweén 15 and
100 vol ume %pntaﬂherqbatanvel yl, lbémwen@ﬂuamibum@ vol,tlrie‘l,%peatatfblpnﬁiumml y

bet ween 25 0/ al t ernat bet 0 and 100 Izu,rrg %
alternati Veﬁ?ﬂ%éﬁ,@%’ﬁ @lfaor 4*4%0 vol ufms%&y4 gﬂ'er H%rtl Ve aIny bet Weielﬁli 207 and 100
vol une % alpteﬁtraﬂabmbataﬁebet nega, %eamﬂu&ﬂibumleurrel %43, 3l pentsduoweduyaniset ween

a0t or nat | vel v Dot VAR ARIMITO Vol S 4 ARARRAITUE) bot webh-24%and 100

vol ume % alhepsMadrbb@hive;bet, Ma62)2, A0hexadudQBuisak ine, 194,23, 3-hexdluoveuyarieet ween
75 and 100 voI une. % a%ﬂi?er natively b tvvegq 80?a daéqu vol une %

al t er nat i vellyl:berhgdrxafirosabptansy vol bite! & bet \A)elﬂ ¥*and 100

vol ume % .alyegamMalrb¥@hie;bet 1aen4 Qﬁw&'&ﬁu&%@utﬁ%bum 1% 43l 4-8& R tioYsHuyangd
bet ween 97 and 100 vol une A; alternati veI bet ween 98 and 100 vol une % and

al t er nat i vellyl.Beshddexaftpospitamy vol birfe?s a/oJ A-heptlyoertaiangy enbbdizereht-t he
HFC di | uent He§aﬁl%r85ﬁt§ﬁie fr P'inzt§1§ 4915@%(19%%3&1 ng 193,34 d-neidduspsinrideane,

1,1,1- trifluoroethane, ‘and 1 2-tetrafl uor oet hane and mi xtures t hereof.

[ 0077] W8Pl e luha,3mlﬁvgaaﬂﬁor@wgnqm scl.bd %23 hepteflrseutaye;be GhiZdfddout at
25 a pressun %%%8%% gt or abpyq 55% Qhﬁﬁﬂﬁ&oﬁﬁ N ch the HG giluent

separates fro il uent-pgoly ent co I nation, Know in the
art as the bmbtalﬂaomhumnetl ne, it 1:13&3&1{ ‘hepeflaciobntaageous| y Ghl2bd.dout at

| ower press relatively corrprl in FC
di | uent canli‘ngtsa Oroerlft?aneFor squf%?;%%fhth\éggag@ﬁf&% 5’ ssaflég’vzvi ’ ’3Ide at
ranges wher eaceelﬂulmeasbtttzh&: 30 i qlul A2, qu,@oonaﬂhonpbutthle; qU| d/ WWepdi3.pAdses are

formed. _As us |nthe speci fi heterm b I i nt
pressurd® mesHYORPWESer pres's ﬁ’ﬁezog‘flq‘t’ﬂgctﬁ &Oﬁgglufrrr]%’r sol vehtjplsafg g% at a
particul ar tRmiRIcébUtEne; The lnunb 1263, paifhondflerobmyhebe repries2atledldldy a
pl ot of pressure vs, tenperat ich js the | ocus of t ub, oi nt
pressures fdrnafluprobuepes om bﬁrmg]‘qfﬁéi'gmﬁPTOSP“%FC di Fﬁeﬁfm?‘éﬁﬁ" Fed to
achi eve phasgeth¢Rpabpdnon uppn 3cﬁﬁﬁﬂﬂ%%e@ﬁylb%ah&drOQﬂr,b,QﬂeﬁrMHﬂb slurry
with the hydrocarbon sol vent
methylpropane; 1,1,3-trifluoro-2-(fluoromethyl)propane; 1,1,1,3,3-pentafluoro-2-
35  methylpropane; 1,1,3,3-tetrafluoro-2-(fluoromethyl)propane; 1,1,1,3-tetrafluoro-2-

(fluoromethyl)propane; 1,1,2-trifluorocyclobutane; 1,1,3-trifluorocyclobutane;



- 27 - 51is a function of the solvent, the type of hydrocarbon rubber

pol ymer present (e.g., the polyner nol ecul ar wei ght, nol ecul ar wei ght

di st ri butworpostdeesssubber conposition, and the conpositi enTarsdoogonissy of the
HFC di l uent. Accordingly, no specific value exists for all situations.
However, the hydrofluorocarbon diluent is preferably present in the

hydr ocar bon-rubber slurry such that upon conbination 10 with a hydrocarbon
solvent, the HFC diluent preferably ac%}unts for at least 10 wmt % of the
total anount of materials present in tHe conbination of the

hydr ocar bon-rubber slurry with the hydrocarbon solvent. In an enbodi nent,
the HFC preferably accounts for at |east 15 w% preferably at |east 20
w% preferably at least 25 w% preferably at |least 30 wt% preferably at
| east 35 wt ¥2.3tBifprospeckiiijangt | eastl, Ud.2netpfipootrslabitgnait | east,1453-wt %

preferably 9. of t 1 dals pr _in the
conbi nat i ont%r([)rl‘a htﬁ ﬁlg)tcﬁglg]?%%g%’bon- r E‘gb’g?j’gkﬁ?trg@ﬂém%f ﬁél? ﬁ%gﬁ%idr ocaﬂbg’%’%g%l vent .
100791The r peptaflestoaymeinttaref, t hel HR22 di3-hewnflunmyyealobutabe det drln2, @S-

relative to,a preferr mount of rocarbon sol vent prese ~required
for a 20 gi b%’f?%ﬁﬁ?fﬁ’fﬁ’g’P?aﬂﬁdr oci’rlb%%gr‘ﬁ'ﬁ .uoT%yﬁlé’EP{?Qg’such?‘;’ﬁ"’ﬁ A

det er m nat i héptaft@orpesdlbbamse; 0fanfOlnyiRRires OfthdtdoBN ahll hendlydihg C afikmifes ubtber

di ssolved in the hydrocarhon solyent) and the HFC di t .are ptepared and
the tenmber atlﬁ%aé'ga%?ﬁg“_g&e% eBed bElan cﬁ?ﬂp%{é%riv QE&%!F%& HE de&ﬁfg"ﬁl@e
nmeasured. Thase tAANGIcEHRARe AMNE1-WildorddiRME idhdt hel,abtteBRudrBadhhe, with
acconpl i shed bé the experienced practitioner. 25 For exanple, a snall
amount of HEG b2 tefafludreethanehaingerrtigularly grsfemed-sol ution of given _
conposi ti 0”[065*1? sol UtIllQﬂra{tﬁreC%ﬁﬁey%tf' hnshtthRd BpardflicibeABRRA R IudENi S
tenperature is the UCST for the prepared conpositi'on. The solution may then
be heat ed uhili2-tiflyaspethese; apddat-sriflomnppropenger dilud-¢rifleoropwpe®sT. 1#héEse
measur enent g. .ed with. i ing..con Lahi fL.he di [ uent
o prodise. SIMEebRREREES W e A a2 7

decr easi ng uiB¥orapropkee;concbattriluowal -bhteBC di Jlientfhionerieageos; Atl,lo#- above
the critical_.goncentr.ation, .MSCT .apnd LCST equal d,_phas )

separ at i on (t)r(l:clﬁorr‘s)' é{mtg??’ telrr%%(r?rég[ﬂﬁ?rg_sl 'Elrn {1/?’ded?%’%em§tr'%r éﬁ'pgeﬁ%’ bgl’3d\3/v t he
critical presure-lobutehe Sy emmiflid080Cbdieae;m rnidumifluorior Chlteaenc @i, Bat i on

is obtained. b lotfin T 35.and T versuys, HFEC.di | t. concenfration.
e pornt ot ufhc bl "o v RirfeEe hbertsy S renaon EPbeRGor St h

m .ni mumeer i Eﬂiﬂl&irocloﬁxlﬁtleﬂé;r a3,i4913triﬂucci>2(§-l =btﬁel{@08ﬂ4,Wﬂiﬂfaoﬂ)Oll%ﬁ’_&fne;semg;,am oln
processes are gener considered in the context solution and/or slurry
pol yrer i zat FORPPEY Ebéé e o) ’_“CfFTtrfﬁﬁu‘He'cléE‘étﬁP? tb?&ﬁ'?é‘ia%é‘ﬁff’ﬁ?‘?é‘ﬁ’é’faati ons
i n processes,108 Aabirdi@RoNObYMERY; I ZIal 4 ADeRAAGEDSEDuteh®! 23 PhRraflddiail- I ubber
i s hal ogenated by first dissolving the finished paol yner hexane

in '
hal ogenat i n§U¥RE pol-griet-'Ardlusimddytrati | yiLebbigrathgre e pencyned 3-Fe
separati on pfiRgRSSo-buidtes di SEUOSHERUAS-CBURhEY AR 4-¢ARIMRoER ] Ditdhed
separation. Solvents [0082] The hydrocarbon sol vent mai/ conprise Cl _C10
hydr ocarbond:3-Hfdesediper -byenes nt%3.6:4-teHallppros bhptedes c B st -Eteaflbopr-&f er abl y

sel ected sugllichbat a3 ol kefdsd AERAL Of.4 dXdERERIDON-Bubher prosest |n

t he hydrocarbon-rubber’ 5 slurry is sol’'uble’i’'n the anount of sol vent present
at t he tenpeeaaflnew-bbukhech lih23gpentgfllugodobutant:edl Mid.hitpsatadivoveht |
Illustrativ - hid kign E t he, Rydf. Sp! S i £h_can be
used i nt he CHEAG {1e-sr R T tutne, 101 L BERE RGO PLLRRECLANER TOT, 0
C5 - C8 hydr peatafioo®-1-batyej nd238,4-pentafharesisbabngent 24, 4hexaflwiordépt ane,

oct ane, .penzene, tq| e.. Xyl ene, cyclo e, or 20 m xtures_ thereof,
[0083) Spci PREvE At 2a s RPN B Potar s nenayBer L Rir 08 A8 ar e
not | i m t edptmaflpo@pbibatents 0b3144 8 pepeafiuans | -bdueetane 1, 1B B 3yd-ayeifivpesit ane,

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-
35  heptafluoro-1-butene; 1,1,3,3,4,4,4-heptafluoro-1-butene; 1,2.3,3,4,4,4-

heptafluoro-1-butene; 1,1,1-trifluoro-2-butene; 1,1,2-trifluoro-2-butene; 1,1,3-



i sohexane, 2- net hyl pent ane, 3- et hyl pent ane, 2- net hyl but ane, 2, 2-

di net hyl but ane, 2, 3-di net hyl but ane, 2-net hyl hexane, 3-nethyl hexane, 3- 25
et hyl pentwoeposo234di met hyl pent ane, 2, 3-di net hyl pent ane, PCT/US2007/010333

2, 4-di et hyl pent ane, 3, 3-di net hyl pentane, 2-nethyl heptane, 3-ethyl hexane,
2, 5-di net hyl hexane, 2, 24,-trinethyl pentane, octane, heptane, butane,

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

cycl ohexane, cycl opropane, cycl obut ane, :fyclopentane met hyl cycl opent ane,

1, 1- di et hyl cycopent ane, cis-1,2- 30 dlnethylcyclopentane

trans- 1, 2-di net hyl cycl opentane, trans-1, 3- di nethyl cycl opent ane,

et hyl cycl opent ane, cycl ohexane, nethylcyclohexane, benzene, toluene,

xyl ene, ortho-xyl ene, para-xylene, neta-xylene, and conbi nations thereof
Utra Low BHrﬂ:tme—%Wendqex it (rtjh@r@r@xfan@)e Mi%%trilf%ucﬁoﬁr@ﬂ@m edl@de of

hexane Constrﬁiforg%sﬁﬂ%%al ! )f loi ZQetﬂtﬁcﬁ{)Q Q&t 19;6 i SiomrBSt’etrgﬂﬂ@%gzggl?tege,hexane’

2- met hyl pentane eht’ane ylcyc oﬁent are’
cycl ohexanel lj'hé-teixaihtord&a’rtam ofl, hhés:etratﬂlmre-rbbmtnnd.JLB he)atetafleerioed fr om

refinery to refln r at i I 0Ces;s 84 t he
present di sBF'i?Bﬁrgl ya gé@'é%ro’rg%PUtgg%ar al ’|1r?q98€'¥ﬁ car tr?“?ubbg}oz;r om a
h?/dr of | uor Opaﬁtbﬂﬂoxdlr.]l uetahe corm[) 1, Saspdnﬂ&]ubgostlﬁn&d;f poﬁ;@upﬁmgﬂaom-yner
slurry corrplsmgt rocar er dispers thin_the _
hydr of | &®r o 'eﬁeB%Pn di Ilugé% 4Penig P?ﬁo;g) g}“efl%rrper ab ﬁ’g FPERRHURPET-BREPEon
sol vent capahl £208f4-B&:63R0M-0BH kAR, hyﬂﬂqu;a,hq&wa&%tz-bmn@r oduce3al 44 r st

essentially onogeneous |iqui d phase ‘and second essentlally honngeneous
li qui d phaskexafh@redgutiens: ng lts’nés“ﬁ h%’taﬂé@%%thuéﬁqey hd odditcliiraflpoga?d phase
from 15the ggeaad ?%Sﬁ@%l@& hxptlaﬁnag.ejl%%ﬁe' L qui ﬂzwm@%ep{aﬁgé.%li Bgtene;

hydr of | uor ocarbon difuent 'i's preferably 1,”1-di fl’uof 0et hane (152a) or

1, 1, 1, 2- t ct ead mistugestthensef qrmmaluyhrigmnxw@s@éaatbmﬁect;ﬂmeﬁdesrs@bwmﬁabl y a
C5-C7 a'% ??]O?Tiie Fir s &ﬁ%ﬂ&hﬁﬁafsch%mgg&e& Enh'é&%ﬁi Moié“ﬁf second

essenti a geneous I|qU| d ases uce are pre erably 11 qui
sol utions i m@cabphatHFﬁe ddonpsn&ntcsrrdvﬁneemh withasmeape mipws shbstiduted ohe

phase to produ \GRtifie glls(grﬂetsl a*( 1¥es essgr g%&mlglr{al_?g tlflf%rg%e%%oﬁ%mpd Hﬁ\,’am y

honogeneous YT qui ase OI’T‘pI’I ses a

at | east 30 fwin¥l mrHj eainbbhyatcahs |;ﬁﬂ&h‘ab4@ WG cprieinestabisy wath 1 eaStcablont %  at
| east 60 wt % q[,?referabl%f‘a% | east 70 wt % preferably at | east. 80 w %

pref erabl y beipe BOsipsdertidet erabl y at | east 90 25 wt % preferably at

| east 9% wt Y0078 ef er althyanaémbedisien) Ahetidiueit hhg coingiios |aLlﬂéxQDaﬁﬁhQﬁcmM uent
based on the total weight of the hydrofl uorocarbon dil ue pl gﬁ lgglymsr
slurry. [008Bloride ‘1"1"?’%‘? syl plgndgomprissssdeionsisht Reregnt a’E‘ét ¥t e

conpri ses ahatPst HR&oMBmed Wik abpkhe ﬁ%tﬂy‘?%ﬁton?l@ anti%ne preef gfea@{mnahe | east
80 wt% 30 preferably at |east 85 wt% preferab é at | east 90 wt %

preferably &ixfusgsiltenmtively, besyeenp 4pd ﬁoavelgbtaés Qi vgl PetRen el TR

unr eact ed ”Q:&E?Qfﬁr% ,pRaRdven Ee@\%érps %d \8%' \QQ%hP‘%, Tai‘t@rr{aﬁ%lsilb%{wéélﬂrfaﬁd ed
nmononmers in theé pol’'ymer slurry) from wh hydr ocar bon-rubber is

f or med. 2§ 0089 Whight peisente @étémapa@lb/ybqﬁwmér?e@uéo IWeightorgspr califraativedy| y
35conpri ses Rtwdefastin® %OV\@ve/?%hP rp@lfc%ﬁla t&llt)érr%hvélg'al%thg"n yt a(?d 2 %&e@%}ﬁ% ¥ndit

| east 80 wt % preferabl east 85 w% préferably at |east 90 wt %
preferably a.item@ggclygigtwﬁ%S and 10 welght %.

[0074] In another embodiment, the polymer slurry of the present
disclosure is preferably essentially free of methyl chloride, wherein essentially
30 free is defined as wherein methyl chloride is not intentionally added to the
polymer slurry, however, methyl chloride may exist as a trace impurity, for
example, less than 1 wi%, preferably less than 0.5 wi%, more preferably with less
than 0.05 wt% in various solvents, reactants, and other components of the system.
[0075] In another embodiment the HFC’s are used in combination with
35 one or more gases inert to the polymerisation such as carbon dioxide, nitrogen, |

hydrogen, argon, neon, helium, krypton, xenon, and/or other inert gases. Preferred



- 30 - Spreferably at | east 99 wt % of the catal yst, cocatal yst, and/or
activators (based on the total weight of the catalyst, cocatal yst, and/or
act i vat orwoiznostdees4pol ymer slurry) used to produce the hydrasasdomssubber .

[ 0088] The first essentially honmbgeneous |iquid phase preferably conprises

|l ess than 10 wt% preferably less than 5 wt% preferably |less than 5 10
w% preferably less than 4w % preferably less than 3w % preferably |ess
than 2 % preferably less than 1 vvt%zeo_referably | ess than 0.5 wt % of the
hydr ocar bon-rubber present (based on the total weight of the

hydr ocar bon-rubber present in the polymer slurry). Mst preferably, the
first essentially honbgeneous |iquid phase conprises essentially all of the
di luent, essentially all of the unreacted nononers, 15essentially all of

t he cat & ysgaseandckds egarben Idjoxide candfort hdroggalr Heefetably. r wbegasss e¥en in t he

pol yner sl Uﬁ{]e&om%%éﬂégi'agw'ag@&%@ytl8%é%h&‘spt concentration in each

essenti al | y" honogeneo ase nmmy-vary dependi ng upon on the volatility of
t he hydr ocaft®956] sol verfthe HF€ dilvencis typicaliy phesenoét Livwo d6avobima§s hedeld as t he

obj ective 20 of fthe ired separation. neral | vy he hydr rbon _sol vent
will be pre¥BMt ﬁsjﬁ (503% Y E B metattﬁet ﬁléueélgsg C}Hd%ées s ﬁ{r?%ﬁr?% - ug’%rr%rges(r?llércr) S

| i qui d phaseligrhetielabeyweanPprdaodi DGO ablungnst, ACernatioedy betveechy td andrifion
solvent. 100901The second essentially homgeneous_ |iquid.phase preferably
comr 1 kS aroREge BORPHT LRl Yo TR e e S G PRI D | ana
80 wt % 25 prefienaidiymatee] aRethaBvelWMbawiiebsraall YoRolud®s to, Heatively
preferably at least 95 wt% preferably at |east 99 w % of .the

hydr ocar bonbetesser3Q Bad d900vpPlume Yoo HFMAEYept begeeh & Sngnst 40AMOHHDS (thoer

present in LRGBOLAYHerwldl 50 and HBONIIERE HEGRBAASS5WdRbLY 45 URRIRIEOUS
l'iquid phasebj)r eferably conprises |l ess than 80 wt % Rr eferably less than 70

w % pref er ablumnd %s glietrativep ROveano§0 prdel @R sibluynd ¥s gltemmanvelp batween 55

preferably it r e a 00 opr | ess
Phian” 2070 o2 8 OPorlfs f HucRplhay Beatcr P30 o ToeNofhdd opy SISHGRCK,

pref erably besgenhéh abd w00%olpmef &, aliteynatizsly bétauged A a8d dPOtvwdume %,
hydr of | uor ocar bo i l.uent sent ased t t ot al i f_t:h

hydr of | uor ogg?rﬁlgpﬁveﬂylbﬁg\?{?e'g?gégﬁtl I nV(?l renepoﬁ’ f@grrnaglvgllyr%{.”g%ssﬁ aﬁlﬁdeﬁ)eor abl y,
t he 35secondohksseii, iaktbinatinepigensouds bnd)ude vphase¥s alpmasesydsteetn 20 |y al |

o e M Oea Rl PLh e, SE3SRL B b SonbE o LSBT,
none of 2 he bee@aciZshdTDIDUsIume %ol alterah el betvased d8hendyaly oblunherdcamdon
diluent pr e%ﬁg;[naitigelgf%eetv% esnt 9e9rr.1¢md 100 volume %. In a preferred embodiment the HFC
diluent is selected from the group consisting of 1,1-difluoroethane, 1,1,1-
trifluoroethane, and 1,1,1,2-tetrafluoroethane and mixtures thereof.
[0077] While the method of this disclosure will generally be carried out at
25  a pressure which is at or above the pressure at which the HFC diluent separates
from the HFC diluent-polymer-solvent combination, known in the art as the
bubble point line, it may also be advantageously carried out at lower pressures
when a relatively small vapor phase comprising the HFC diluent can be present.
For separation to occur, the pressure will be at ranges where either the
30  liquid/liquid or liquid/liquid/ vapor phases are formed. As used in the specification
and claims, the term “bubble point pressure” means the vapor pressure of the
HFC-Polymer-solvent system at a particular temperature. The “bubble point line”
may be represented by a plot of pressure vs. temperature, which is the locus of the
bubble point pressures for such a system.
35 [0078] The amount of HFC diluent required to achieve phase separation

upon combination of the hydrocarbon-rubber slurry with the hydrocarbon solvent



100921Dependi ng on the tenperature and the pressure, a vapor phase may al so
be formed conprising or consisting essentially of the hydrofl uorocarbon

di | uent. WO[2033@23Hae process of this disclosure may &soPpcmalsaae/oidses st ep of
removing at |east a portion of the hydrocarbon solvent fromthe second
essentially honogeneous |iquid phase to produce a hydrocarbon-rubber

cenent, or to renove essentially all of the hydrocarbon solvent to isolate
t he hydrocarbon rubber. [0094] The proce of this disclosure may further
conprise a step of 15adjusting the tenperature, the pressure, and/or the
wei ght fraction of the diluent in the resulting m xture to introduce
phase-separation of the resulting mxture to produce a first essentially

honogeneous |iquid phase and a second essentially honobgeneous |iquid phase.
The t enper atsur Banghign € thegjalegrdothe tyrg efbidrocarben fubbahpelymes PEsen(EaDO51 The

Dr0cess ol ot ARUEuGRNaRLE AWM GH Ly {iPh | dilbuoPaYED Rbber

conti nuous nanrier; however, a cofit ’nuous proces Is generally preferred for
econoni c rea@opssmfﬁm,@qdrtbé eomdSIppmaadlmnetyl of fbbtﬁ@ddgeryoﬂyn@ﬂlr@pmt ion
by utilizin |sclou WS [ n

ol yrer o1 s VS Rl Ay BReO S i evel il Ao RS BHARORE | or

t o di ssol vepidieraphl preeentah tae ydrotdiboprrabbet dudf sath Itlmstpohrmmvlapmon
pressure of the uIt| | ution. itation esira ble to ain
rapid di 1% s ot %Fﬁ‘ ﬁl‘ﬂg‘eﬁ? S linlég\ﬂ ]r’fﬁn's'c”iﬁg%%l?lé'aﬁ?cﬁ?'ﬁ\sl el lE‘?@stoltebf:essary
agitation. The pal m{mrto@l LHrﬁé’urﬁfHMf ReateAAlk apteehtWid Nthe heoiigaaaardfothes ol vent
30at a pressure high enough to maintain the systemas a one phase system

2. Phase seb&‘?rgﬁ“&ﬁnrrgb%ﬁr I %Wélﬂ With Bieclyrdrogigbert slveRta R @n Frakadimert, the ysed
to maint ai NHFGi gkt aRBounts fo? ﬂefe%§tSQBYth% reiesbly ha %asaur@t%n or der

to achieve the two phase condition. The pol ymer 35phase may the b%
recover ed byprefeehht atdgast By vgr/amr@@raéva 9‘1 luemj 30b\yt%,| laefedahly aﬁleast 35 wt%,

cent 11 f ygat pAersply SUBRE 4BUIEATEIRANS: 1eallBs2008] NORIAAVCTILSRAPUA10333 -
32 - 53. The pressure may then re ce on the Ilg sol vent rich phase

to vapori zeof ithe HEa mbwmf @n@rlabswrd%raﬂt imgho Aenbinetian & thel hydrocaiban-

Heating or ?géracj hg%"g’f‘fv eslg))}d/g%b(gd%r] émase to assist in the recovery of

the particu unreac nononers, catalyst, and the |ike may
al so be desiocse. TheTlneemcquereédel%@t o0dhd bt damjltsmdty/ehb beaddtenmined
purificatio éla{nf/e 5 g preferregnarlr’xlgl\llx\gtbcﬁ' }Ey%“rlgceagbclmn SO[VCelE)t present as required for a
20 given amount of hydrocarbon-rubber. In making such a determination,
compositions of polymer solution (the hydrocarbon-rubber dissolved in the -
hydrocarbon solvent) and the HFC diluent are prepared and the temperatures and
pressures at which phase separation occurs are measured. These techniques are
well known in the art and readily accomplished by the experienced practitioner.
25  For example, a small amount of HFC diluent is dissolved in a polymer solution of
given composition. The solution is cooled until turbidity first appears. This
temperature is the UCST for the prepared composition. The solution may then be
heated until turbidity appears. This temperature is the LCST. These measurements
are repeated with increasing concentrations of the HFC diluent to produce a phase
30 diagram which indicates increasing UCST and decreasing LCST as the
concentration of HFC diluent increases. At or above the critical concentration, the
USCT and LCST are equal and phase separation occurs at all temperatures
provided the pressure is below the critical pressure of the system.
[0080] The minimum critical concentration is obtained by plotting UCST
35 and LCST versus HFC-diluent concentration. The point of coincidence of the

UCST and LCST in such a plot defines the minimum critical concentration.



[ 0096] The advantages of this disclosure nmay be nore readily appreciated
with reference to the follow ng exanpl es. | NDUSTRI AL APPLI CATI ONS
15100971 Iwo=0esoexbodi nents, this disclosure rel ates topraThgdegoa3bdn-
rubber conposition made by a nethod conprising at | east one of the
processes of this disclosure. The term "hydrocarbon-rubber conposition”
refers to elastoners or el astoneric conpositions of polyners consi stent
with the ASTM D1566-06 definition, 20[0&%8]The process of this disclosure
al so finds application in a process of " feirofitting an existing slurry
cationic polynerization plant, the retrofitting process conprising the
steps of: a) contacting a polyner slurry fromthe slurry cationic

pol ymeri zation plant, the polymer slurry conprise' s a hydrocarbon-rubber
25 di spers¢addld a di '\Waile polyinidr sapdrgtioropenchssas sl geantallycogbidestve thehe
hydr ocar bon-rubber.at a pressure greater.than or -

r essure. of <PHER e TS TP PEReR N pheshibl if Sl fect@hy o

hydr of | uor oggfe&roBuchh sepaditionk i ingpideesste rypiedrathan epolyinerigatisss preeessandFor t he

wei ght fraction 300f the hydrof] uorocarbon in.the. resulti. mxture.to

i ntroduce pﬁé%‘@p?eggwitr? i ,%e?gg(g'[byi Phrﬁt H15§‘E]Ml'"§ %8 gﬂ}la%gc%o)i’émﬁ Pt
essenti al |y hadmRg@ARRESatlngdHE poPfirsCardnshble iR AN de@SRHAL ithd bylyhmrOTRneous

| i qui d phase; and c) separating the first liquid phase fromthe second
liquid phaseepAratiorrroes/Beisdsplopneds covrliy trplisablane pushp 1998 0Pst | i qui d
phase conpriggesn@dd | east 60 wt % of the hydrofluorocarbon diluent based on
the total werght of the hydrofluorocarbon diluent in the polyper slurry and
wherei n t he [8€82dnd | i qlihel pMzessrbanselveat mey | emarrisgo Guuy ohydragarbons.

hydr ocar bon ' RBadHblaer

t he polyner]{ u?&%p&i8&?8®gé?nﬁﬁgﬂ%%%%gggg%%egﬁfEmﬁ?gﬁﬁégﬁgggglgo finds
appl i cat i on the intepdest emoufiopt hgdrosatbioni rbemn prosertt inthesaydrosashoratbshi
Cont act '8 5Bl Ynaedb g iechh s drsR B GEEaE oF Bl RGuh o ShRAKE | )
pl ant, the phiryyds ceatactedowitborpr st esnta INGsttatide omarlboitingutrenplds ©§dheed in

a solvent, wi th a . hydrofl uorocarbon at .or.essur r eat.er,. t o al to
t he vapor p%&(tﬁaébqvﬂ SO?YleéHsr gg'tﬂ%t‘faﬁ’gbenﬁ?gdget,ﬁe BS“a‘ﬁ?ﬁgﬁ}‘%S‘st" ﬁggﬁeelhﬁ@?gt ure,
t he pressur dineandb@ncliddeoneiydii Osr a0 hodrooirbbhe Tyer addluder deaksoorers oft he

resulting mxture to introduce
: pentane, hexane, heptane, octane, benzene, toluene, xylene, cyclohexane or

in

20  mixtures thereof.
|0083] Specific examples of suitable hydrocarbon solvents include, but are
not limited to, propane, isobutane, pentane, hexane, methylcyclopentane,
isohexane, 2-methylpentane, 3-methylpentane, 2-methylbutane, 2,2-
dimethylbutane, 2,3-dimethylbutane, 2-methylhexane, 3-methylhexane, 3-

25  ethylpentane, 2,2-dimethylpentane, 2,3-dimethylpentane, 2,4-dimethylpentane,
3,3-dimethy] pentane, 2-methylheptane, 3-ethylhexane, 2,5-dimethylhexane,
2,24 -trimethylpentane, octane, heptane, butane, ethane, methane, nonane, decane,
dodecane, undecane, hexane, methyl cyclohexane, cyclopropane, cyclobutane,
cyclopentane, methylcyclopentane, 1,1-dimethylcycopentane, cis-1,2-

30  dimethylcyclopentane, trans-1,2-dimethylcyclopentane, trans-1,3-
dimethylcyclopentane, ethylcyclopentane, cyclohexane, methylcyclohexane,
benzene, toluene, xylene, ortho-xylene, para-xylene, meta-xylene, and
combinations thereof. Ultra Low Benzene type hexane (ULB hexane), which is a
preferred grade of hexane consists essentially of a mixture of Cg isomers, namely

35 n-hexane, 2-methylpentane, 3-methylpentane, methylcyclopentane, and



20 phase-separation of the resulting mxture to produce a first essentially
honogeneous | i quid phase and a second essentially honbgeneous |iquid phase;
and c)weepawmbisng the first |liquid phase fromthe seecmaskéogquiasphase by
decanting, gravity settling, liquid/liquid centrifugation, or a

25conbi nation thereof, wherein the first |liquid phase conprises at |east 60
wt % of the hydrofiuorocarbon based on the total weight of the

hydr of | uorocarbon in the polyner soluti and wherein the second |iquid
phase conprises at |east 90 w % of the fiydrocar bon-rubber based on the
total weight of the hydrocarbon-rubber in the pol yner 30sol ution.

101001Thi s di scl osure descri bed herein nay be used in the manufacture

pol ynmers useful in wide variety of applications. The | ow degree of

per meabi § i t yydlohgasesThe cxaclt balhmre ofi¢hdsarigesersuge Y1y heransevarisisy frems
nanmely inner rftnlé?e% am eJ[ti re innerliners. These same properties are also of

i nportance FAYETY "CUehi CYr'ls, 35pneumati c springs, air bellows, accunul ator
bags, and pBaparagi@uPiocass cl osures. The thernmal stability of the polyners of
this disclo e make themideal .for rupber - 34- 5 tire-curing bl ers,

hi gh t enper (ﬁ[ﬁ“ ser vilBe PoSB ,"d‘é??ﬁi‘tCB{i\/tg‘)e/oPreB%’?tt SRt 2 rtog?slsa?g'd

handl i ng. [ QdRddtidrea ROHITRILONS Db frorhi Phy Hafpbidgardod dilaest comprisel yheor oad
danpi ng and shock absorption ranges in both tﬁgtperature agﬁ) fr .(guen%irb They
are usefl®l PIPHEF aRRastiNhaPOlRe SlUARICTTRRFNE e hysispsaraRn-BIdbes MisBetEhobi | e
10 suspensi QRN FRERFIro AUEBcAH0A Wb A F T iBitial Mnﬁ&%rmma_slg'&%&%ﬂh e

pol ymers of the instant invention are also useful in tire sidewalls and
tread conmposskysnt |qepablgewdl fissolying et yimstrocarbenmrubbers te crrofigfart Hishd
ozone resis r %ﬁé , a . ol bud hi s

di scl osure %ag%ﬁgflsl% rE)e g%‘é‘%&?%?a@%ﬁﬁ?ﬁ%wﬁ%&? gde%lgglnaglg y\ﬁ%ﬁéﬂf&gh di ene
15 rubbers tigaid pidseband péppsatingothe drst ensentjally borogsasehs Hauidsphasatons

| mpr overent g, 0 MGH e 2ROy ARSlobERoBKIulighhgl ances and in dry traction

wi t hout Conpronises Tn abrasion“resistance and rolling resistance for high
per f or mance [008%s can Pee docloofidreteebohydiliennds t prefgraly mbd sdififoropthanpeist ant

i nventi on. Bl e 0 he I f~this,discl j t

t her nopl ast i](ggé)aglsqrnlsP,g%-gﬁrghﬁgrggﬁnﬁﬁgﬁ%& ( hTelFﬁ h dr(())f: g’rt% Rge@g{vggyn\%o%%%?bly

H gh- densi t ya gelCseilkatecitheafitdt iesehesity dopoigyprous\liqrid phae aid ¢ sawdndi ed
wth 5to 30 wt %o ol yi sobytylene. In certain applicat.ions,  the i.nstant
pol yners pr ﬁ?%aglﬁﬁ’ogl%%@?ﬂvq@gk%%e%8?&5186 a‘l‘eﬁﬁggimsbq%ﬁ’%@sgé’é%foé’ SR

t her mopl;gst itRatMiedtdtEp&ntP GE Hach Phasd aty drssslvell inhehel pisdsand prodedd aon nay
al so be blended with POl yam des to pr.oduce ot her industri al 25a5)pl i cations.
[0104] The pois§ansially oflephesqlpdmnhe nfEst: Pentally Jrupeogroepsdiadd ppSE| ves,
caul ks, seal@pfesabl ARENPridd RO ILAPOWAYS - prdf2eAbI R 18s6 G0 USEH Upreftably at

least 40 wt%, preferably at least 50 wi%, at least 60 wt%, preferably at least 70

wt%, preferably at least 80 wt%, preferably at least 85 wt%, preferably at least 90
25  wt%, preferably at least 95 wi%, preferably at least 99 wt% of the
hydrofluorocarbon diluent based on the total weight of the hydrofluorocarbon
diluent in the polymer slurry.
[0086] The first essentially homogeneous liquid phase preferably
comprises at least 60 wt%, preferably at least 70 wt%, preferably at least 80 wt%,
30 preferably at least 85 wt%, preferably at least 90 wt%, preferably at least 95 wt%,
preferably at least 99 wt% of the residual unreacted monomers (based on the total
weight of the residual unreacted monomers in the polymer slurry) from which the
hydrocarbon-rubber is formed.
[0087] The first essentially homogeneous liquid phase preferably
35 comprises at least 60 wi%, preferably at least 70 wt%, preferably at least 80 wt%,
preferably at least 85 wit%, preferably at least 90 wt%, preferably at least 95 wi%,



pl asticizers in rubber formulations with butyl, SBR, and natural rubber. In
| inear | ow density pol yethyl ene (LLDPE) bl ends, they induce cling to

st ret ch- wwepo@afei4as. They are al so widely enpl oyed in Ilpabnisc@inso3as

di spersants and in potting and electrical cable filling materials. [0105]In
certain applications, the polyners of this disclosure nmake them al so usef ul
in chewi ng-gum as well as in nedical applications such as pharnaceuti cal
stoppers, and the arts for paint rollerg_35101061In an alternate

enbodi nent, this invention relates to: W) 2008/ 002346PCT/ US2007/ 010333 - 35
- 51. A process for separating a hydrocarbon-rubber froma polyner slurry
havi ng the hydrocarbon-rubber dispersed within a diluent, which conprises
the steps of: (a) contactlng the pol yner slurry wth a hydr carbon

sol vent zaparsferably #il8as 99 Wiye ofike Fiiabyse SPERIAYsLBRROr af’%"*ﬁ?‘é B8P 1 st
l'iquid Ophagg. apgd v@en%lﬂ%?'?ﬁe l:étgf%td c9&ft’§?st afor activllor§ ﬁpﬁ{e%dlﬂﬂett N8rrd) st

| i quid phase fromtheé second Iiquid phase, wherein the diluent conprises a
hydr of | uor owaebwmrodive the hydrocapandubliease conpri ses at | east 60 W % of the

hydr of | uor o n bas on e h bl
hydr of | uor oggéﬁgﬁn int ﬁﬂtsgng%&éﬁ%lﬁ y?omoﬁel%eﬁgsse ond %SE re erﬁ)a ayse

conpri ses atcohtpans&s ROs ‘tha% o wite pryfirabbaidserthanubbet”obpsdcrably ltakﬁethaotial

ht of the hydr bb t f
bar agr aph 1 ShErURORET PRSPt RBeistt Bag R e P RS BB eous
l'iquid phas e;vtcyarrpeefafa@ge&smhnamyt%nﬁe&@htng ldsatt&@r(a@h(twmmhelhgdiohabsacond
or acedi hg. paHERF ABFFES GREHER Hsniphl St iy e i BeRgrespy e O °
precedi ng p
t enper at ur e,pol fiferMIB M Most%@fe@iblif hiie iR O8KseritiaBt héiogdneblie ligiidugiate i n t he

resulting mxture to I ntroduc ase-separation of the resulting mxture to
produce a fiPgwprisesesientialival h%@@é‘f%‘éﬁ% esscailly pih o€ theamyeartebponamers,

essent | qh' y eggémgﬁyeawgf |thf9 léhfll)%li'a% e8I HRhE CS theChy ABYarBE £ 5@ bR J
par agr aph, wherein the polyner slurry additionally conprises unreacted

nmonomner (s), mmeaty!sthepo mersbiy-nati on thereof. The process of paragraph 5,

wherein the [Bb tli qu’hqe pﬁg%nﬁl ngﬁr 's§ﬁft§ er eoq{&ht%t% ajy Qafcht Qgséﬁﬂﬁﬁﬂm ed

nononer (s), ‘catal yst, ion origl nal ly present in the
pol ymer sl urtromogeneous phase may vary depending upon on the volatility of the

hydrocarbon solvent, the choice of the hydrofluorocarbon as well as the objective
20 - of the desired separation. Generally, the hydrocarbon solvent will be present in
each phase with the second essentially homogeneous liquid phase preferably
comprising at least 30 wt% of the hydrocarbon solvent.
[0090] The second essentially homogeneous liquid phase preferably
comprises at least 60 wt%, preferably at least 70 wt%o, preferably at least 80 wt%,
25  preferably at least 85 wt%, preferably at least 90 wt%, preferably at least 95 wt%,
preferably at least 99 wi% of the hydrocarbon-rubber (based on the total weight of
the hydrocarbon-rubber present in the polymer slurry).
[0091]) The second essentially homogeneous liquid phase preferably
comprises less than 80 wt%, preferably less than 70 wt%, preferably less than 60
30  wt%, preferably less than 50 wi%, preferably less than 40 wt%, preferably less
than 30 wt%, preferably less than 20 wt%, preferably less than 15 wt%, preferably
less than 10 wt%, preferably less than 5 wt.%, preferably less than 1 wt.% of the
hydrofluorocarbon diluent present (based on the total weight of the
hydrofluorocarbon diluent present in the polymer slurry). Most preferably, the
35  second essentially homogeneous liquid phase comprises essentially all of the

hydrocarbon-rubber present, essentially all of the hydrocarbon solvent present,



The process of any precedi ng paragraph, wherein the first liquid phase
conprises less than 5 wt % of the hydrocarbon-rubber based on the total

wei ght ofwoheosimpelssecar bon-r ubber in the pol yner slurry. PCT/U36007/050383 The
process of any precedi ng paragraph, wherein the second |iquid phase
conprises greater than 95 wt % of the hydrocarbon-rubber based on the total
wei ght of the hydrocarbon-rubber in the polyner slurry. 9. The process of
any precedi ng paragraph, wherein the kg@*[pfluorocarbon is at least 20 wmt %
of the total conbined mass of the polyner slurry and the tohydrocarbon
solvent. 10. The process of any precedi ng paragraph, wherein the diluent
further conprises nethyl chloride. 11. The process of any precedi ng

par agr aph, wherein the hydrocarbon-rubber conprises polynmer(s) and/ or

co- pol ynier ( 8yd o¢sseatisiin ylange of | thsprayweactada rponomgerspeihpy Catahpheged 8ie g

conbi “a“onhgé}%p%%ﬁ&?oonﬂ?ﬁew 6657 1Pfhe 3YMeR €Cedi ng par agraph, wherein the

pol ymer sl ur urther conprises a Lew s acid, wherein the Lewis acid
conprises af09hl or Memhiipigas: the tsm@ratupe and Bie pressutes agrapdbphyfse MRy
Periodic Tabl e of .El enpnts. .2013. The proce £ i agaph,
wherei n the? ﬁdl?eoé%%%ﬁ-c PUBBRFESTTUr P %t@%pgsggﬁéaégpﬁggeeg&gﬁ}&oga Toni ¢
pol ymeri zat dilgerfir ocess for the production of e4-C7 isoolefin polyners.

14. The proc f any precedin ar.agr , _Wherein the hydrogcarbon-rubber
slurry %rrpi‘?@e”i gr eat €1° tﬂﬁ%ﬁ’?sgr&eau I‘ﬂF‘gf’%i’)uWaloaI%I%é‘gFi : St?Bl%EThe
process of afoRhLGEHaBa Pattiod L hyMi6ELboh §d10eWENRGM RBnd YieBlalBl Ur Iy
is at a tenperature of_ |less than or equal to about -20C when contacted with

t he hydr ocahBBEeRIaNs Aiquid phasq kR Pradyee a dyerocarprBbe ey b 48 FHPAYE

wher ei n t he ydrigfy 40P AR AR b Brneth RUER thBaldrRaAREubb&. hydr ocar bon
solvent is required to produce 30the first |iquid phase and the second

liqui d phasd00% conpaFlal presessioh ghisedisglosuns| may dlirthsr omnrisem Stf—‘rl?qef t he

Py of | dor ofar AR fie R RRAESSE e ol B R o e

process of almy rgulie ngtupa tagntagpiuce whasesspardtionh plithe resoitowanteinrg o

35r epr esent %goabl.ycetzb %rgtoésgyrllt%:llng_xb{géeneous liquid phase and a second essentially
homogeneous liquid phase. The temperature may be adjusted from about -100 to
about 160°C.

20  [0095] The process of this disclosure can be carried out in either a batch or
continuous manner; however, a continuous process is generally preferred for
economic reasons. The preferred procedure in obtaining polymer separation by
utilizing this disclosure is as follows:

1. The hydrocarbon-rubber polymer slurry in an HFC diluent is

25 contacted with a hydrocarbon solvent to dissolve the polymer at a

minimum pressure of at least the vapor pressure of the resulting
solution. Agitation may be desirable to obtain rapid dissolution.
Turbulence in a flowing stream can provide the necessary agitation.
The polymer slurry may be contacted with the hydrocarbon solvent

30 at a pressure high enough to maintain the system as a one phase

system.

2. Phase separation is allowed to occur. Where elevated pressures are
used to maintain a single phase, it is necessary to reduce the
pressure in order to achieve the two phase condition. The polymer

35 phase may then be recovered by decanting, by gravity settling, by

liquid/liquid centrifugation, or other suitable means.



- 37 - b5wherein x is an integer from1 to 10, y is greater than or equa
to 1, and z is greater than or equal to 1. 19. The process of any preceding
par agr aphwowhevmeiiet he hydr of | uorocarbon is sel ect edTiuseon7onEs3gr oup
consi sting of: fluoromethane; difluoronethane; trifl uoronethane;

fl uoroet hane; 1, 1-difluoroethane; 1,2-difl uoroethane;

101, 1, 1-trifluoroethane; 1,1, 2-trifluoroethane; 1, 1,1, 2-tetrafl uoroet hane;
1,1,2,2-tetraf|uoroethane;1,1,1,2,2-peq§ fl uoroet hane; 1, 1, 1-
trifluoropropane; 1,1,2-trifluoropropang; 1,1,3-trifluoropropane; 1,2, 2-
trifluoropropane;1,2,3-trifluoropropane;1,1,1,2-tetrafl uoropropane,
1,1,1,3-tetrafl uoropropane; 1,1, 2, 2-tetrafl uoropropane; 1,1,2,3- 1
stetrafl uoropropane; 1,1, 3, 3-tetrafl uoropropane; ) )

1, 2, 2, 3-set raf | ust opr ofmneressiyd piay2hen penmedifced ®nope dighhesolvent rich phase
1,1,1, 2, 3-pentafl uoropropane.. 1, 1,1 3. f MeloF-Tal- ;

pent af | uor opr opane; hexa Mr8¥s tSbgﬁg;agﬂgﬁg%@akﬁggggﬁgopané?coanWd
trifluorobutane; triflterctbiaxay or codlingeoithatsalvent rich phase to assist in the

1,1, 2,2, 3-pentafl uoropropane; 1,1,1,2,2, 3- :l]ﬁ)iff .Joropropane; 1.1,1,3 3
, 3- hexaf | uor opr opane; T£¢9very 2‘,’%,‘%‘? Farfiiiar fAiS oc‘ﬁt{' B%n'é’?'gaé},ei,lﬁ%?@?g’
1,1,1,2,3,3- 1,1,1, 2, 2558ai9st, and @hé Hiké updy0bled anedesirhblk, Ahkaktaleratb HFEUt ane;
1,1,2,2-tetrafl uorobut ane; ) ..
10 diluent and solvent, after purification, if needed, can now be reused
instep 1.
[0096] The advantages of this disclosure may be more readily appreciated

with reference to the following examples.

INDUSTRIAL APPLICATIONS

15 [0097] In some embodiments, this disclosure relates to a hydrocarbon-

rubber composition made by a method comprising at least one of the processes of
this disclosure. The term “hydrocarbon-rubber composition” refers to elastomers
or elastomeric compositions of polymers consistent with the ASTM D1566-06
definition.

20 [0098] ‘The process of this disclosure also finds application in a process of
retrofitting an existing slurry cationic polymerization plant, the retrofitting process
comprising the steps of:

a) contacting a polymer slurry from the slurry cationic polymerization
plant, the polymer slurry comprisés a hydrocarbon-rubber

25 dispersed in a diluent, with a hydrocarbon solvent to dissolve the

hydrocarbon-rubber at a pressure greater than or equal to the vapor
pressure of the resulting mixture, the diluent comprises a
hydrofluorocarbon;

b) adjusting the temperature, the pressure, and/or the weight fraction

30 of the hydrofluorocarbon in the resulting mixture to introduce

phase-separation of the resulting mixture to produce a first
essentially homogeneous liquid phase and a second essentially
homogeneous liquid phase;. and
c) separating the first liquid phase from the second liquid phase by
35 decanting, gravity settling, liquid/liquid centrifugation, or a

combination thereof,



251, 1, 2, 3-tetrafl uorobutane; 1,1, 2, 4-tetrafl uorobutane; 1,1, 3, 3-
tetrafluorobutan e; 1,1, 3,4-tetral |l uorobutane; 1,1, 4, 4-tetrafl uorobut ane;
1, 2, 2, 3- twonrads/wessebut ane; 1, 2, 2, 4-t etraf | uor obut ane; 1, 2 P8TA552007/010333
tetrafl uorobutane; 1, 2, 3, 4-tetrafl uorobutane; 2,2,3,3-tetrafl uorobut ane;
1,1,1, 2, 2-pentafl uorobutane; 1,1, 1, 2, 3- pent af | uorobut ane; 1,1, 1, 2, 4-
30pent af | uor obut ane; pent af | uor obut ane; pent afl uor obut ane;

pent af | uor obut ane; pent afl uor obut ane; Qpentafluorobutane;

hexaf | uor obut ane; 1,1, 1,3, 3- pentafluo?obutane
1,1,1,4,4-pentaf|uorobutane 1,1, 2,2, 4-pent af | uor obut ane;

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

1,1,1, 2, 2, 3-hexaf |l uorobutane; 1,1, 1, 2,3, 3-hexafl uorobutane, 1,1,1,3, 4-
1.1.2 2 8- 1 1, 2 vhegein1the First 4iquid oplmsg gomprises] ap least- 69 pi%e »f3the 33
5hexaf |

uor obut an%ygg) %H oqpugﬂpanehgﬁgél gﬁ obid ang hwéﬂtuogpbm@ne

hexaf | uor obut ane; exa uor o uor obut ane;

hept af | uor obut anexydhﬁhtoeddadmmbﬂumen tbe tpalymr Divuy smd; whereint %t ssoershut ane;

oct af |
ctafl uorobutane; 1qu1cr| altlallsléogo?rllopl'gsaeg at least 90 wit% of the hydrocarbon-rubber based

on the total weight of the hydrocarbon-rubber in the polymer slurry.

10 [0099] The process of this disclosure also finds application in a process for
retrofitting an existing solution cationic polymerization plant, the retrofitting
process comprising the steps of:

a) contacting a polymer solution from the solution cationic
polymerization plant, the polymer solution comprises a
15 hydrocarbon-rubber  dissolved in a solvent, with a
hydrofluorocarbon at a pressure greater than or equal to the vapor

pressure of the resulting mixture;
b) adjusting the temperature, the pressure, and/or the weight fraction
of the hydrofluorocarbon in the resulting mixture to introduce

20 phase-separation of the resulting mixture to produce a first

essentially homogeneous liquid phase and a second essentially
homogeneous liquid phase; and

c) separating the first liquid phase from the second liquid phase by
decanting, gravity settling, liquid/liquid centrifugation, or a

25 combination thereof,
wherein the first liquid phase comprises at least 60 wt% of the hydrofluorocarbon
based on the total weight of the hydrofluorocarbon in the polymer solution and
wherein the second liquid phase comprises at least 90 wi% of the hydrocarbon-
rubber based on the total weight of the hydrocarbon-rubber in the polymer

30  solution.

[0100] This disclosure described herein may be used in the manufacture
polymers useful in wide variety of applications. The low degree of permeability to
gases accounts for the largest uses of these polymers, namely inner tubes and tire
innerliners. These same properties are also of importance in air cushions,
35  pneumatic springs, air bellows, accumulator bags, and pharmaceutical closures.

The thermal stability of the polymers of this disclosure make them ideal for rubber



,1,2,4, 4- hexaf |l uorobutane; 1,1 ,1,3,3,4- 1, 1,
4, 4- hexaf |l uorobutane; 1 ,1,1,4,4,4- 1 ,1,2,2,3,3-hexafluorobutane; 1,1
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: , 4-oct af | uorobutane; 1, 1, T 3,3,4,4- 1, 1

,4,4,4-octafl uorobutane; 1,1 ,1,2,3,4,4, 4-
2,2,3,3,4,4-nonaf l uorobutane ; 1,1 ,1,2,2,3,4,4,4- 1, 1, 1

uor o- 2- net hyl Bropane; 1, 1 ,3-trifluoro-2- nethyl propane;, 1

- t®t r titd-clring Dladdesy higholsaiperature, seqvice hgsese ARG PRYNer delts for hot
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good ozone resistance, crack cut growth, and appearance. The polymers of this
disclosure may also be blended. Properly formulated blends with high diene
15 rubbers that exhibit phase co-continuity yield excellent sidewalls. Improvements
in wet, snow, and ice skid resistances and in dry traction without compromises in
abrasion resistance and rolling resistance for high performance tires can be
accomplished by using the polymers of the instant invention.
[0103] Blends of the polymers of this disclosure with thermoplastic resins
20 are used for toughening of these compounds. High-density polyethylene and
isotactic polypropylene are often modified with 5 to 30 wt % of polyisobutylene.
In certain applications, the instant polymers provide for a highly elastic compound
that is processable in thermoplastic molding equipment. The polymers of the
instant invention may also be blended with polyamides to produce other industrial
25  applications.
[0104) The polymers of the instant invention may also be used as
adhesives, caulks, sealants, and glazing compounds. They are also useful as
plasticizers in rubber formulations with butyl, SBR, and natural rubber. In linear
low density polyethylene (LLDPE) blends, they induce cling to stretch-wrap
30 films. They are also widely employed in lubricants as dispersants and in potting
and electrical cable filling materials.
{0105] In certain applications, the polymers of this disclosure make them
also useful in chewing-gum, as well as in medical applications such as
pharmaceutical stoppers, and the arts for paint rollers.

35  [0106] In an alternate embodiment, this invention relates to:



30 1,1 ,3-trifluoro-1 -butene; 1,1,4-trifluoro-1-butene; 1,2,4-trifluoro-
1 -butene; 1 ,3,3-trifluoro-1-butene; 1,4,4-trifluoro-1 -butene;

2, 3, 3-triwbuoesmwoizdbut ene; 2,4,4-trifluoro-1 -butene; 3, BCTASRO0K7/01038Dr 0- 1
-butene; 1 ,1,2-trifluoropropene; 1 ,3,3-trifluoropropene; 1, 1,2-trifl
uoro- 1 -butene; 1 ,2,3-trifl uoro- 1 -butene; 1 ,3,4-trifluoro-1-butene;
2,3,4-trifluoro-1-butene; 3,4,4-trifluoro-I|-butene;

4.4 4-trifluoro- 1 -butene; 1,1 ,2, 3-t afluoro-1 -butene; 1
1,2,4-tetrafl uoro351-butene; 1, 1 3 ,3-tétrafluoro- 1 -butene;1 ,1
3,4-tetrafl uoro-I|-butene; 1, 1 4 4 tetrafluoro-1 -butene; 1

2,3, 3-tetrafluoro- 1 butene 1 2,3,4- - 39 - 5tetrafl uoro-I-butene;

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

1,3, 4”4 tetiafl i topsedeshforseparating 2, AydrecarhPR-HeRST 1ﬁ‘l;’)‘8t%r%>1y‘2€‘3 sy
tetrafluoro-1 -b 3 r e

,4-tetrafl uoro- 1'}{5%‘9? tﬁe hé%ézérgalﬁ Z{ﬂ%%]? 85?’8'?9& Q\ﬁthéﬁeé diluent,  which
3,4, 4“4 t et r?f Luoompﬂsten@ps ofpent af | uor o-| - but ene; pent af | uoro-1 - but ene;
pent af | uor o- I - but ene; r Q- t 5
hexaf | uoro-1 - but WE’QQ’FF ?lge- ‘-’fg %gr?gp hexan‘f ﬁ%b%gél%gn]sd\gm ‘E%b]el
hept af | uor o- 1- but ene ofld&scﬁy&g4ﬂ1&ehyca=bbarbom-nhbﬁmt émairoduce a first liquid
1,1,4,4,4- pentafluoropjﬁbut é.S,Aé; ent af | uor o- | - but ene;

2. 3.3, 419 pent af | uor o-PRABLE %se‘:@“ ligujd %%rﬂ“ f | uor o- | - but ene;

1,1, 2,3, 4, 4- hexafhylor Qepadtihe & firkt Aqid phdsedfraxat ketohaliubliplene;
2,3,3,4,4,4 hexafluoro -butene; 1,1,2,3,4,4,4-heptafl yor 1but
1,1,2, 4, 4- wherein the diluent comprises a hydroﬂuorocf E} t'f; st liquid pq1ase

comprises at least 60 wt% of the hydrofluorocarbon based on the total

weight of the hydrofluorocarbon in the polymer slurry, and the second

15 liquid phase comprises at least 90 wt% of the hydrocarbon-rubber based
on the total weight of the hydrocarbon-rubber in the polymer slurry.

2. The process of paragraph 1, wherein the first liquid phase is an essentially

homogeneous liquid phase.

3. The process of any preceding paragraph, wherein the second liquid phase
20 is an essentially homogeneous liquid phase.
4, The process of any preceding paragraph, further comprising a step of:

adjusting the temperature, the pressure, and/or the weight fraction of the
diluent in the resulting mixture to introduce phase-separation of the
resulting mixture to produce a first essentially homogeneous liquid phase
25 and a second essentially homogeneous liquid phase; and
5. The process of any preceding paragraph, wherein the polymer slurry
additionally comprises unreacted monomer(s), catalyst, or a combination
thereof.
6. The process of paragraph 5, wherein the first liquid phase comprises
30 essentially all of the unreacted monomer(s), catalyst, or a combination
thereof, originally present in the polymer slurry.
7. The process of any preceding paragraph, wherein the first liquid phase
comprises less than 5 wt% of the hydrocarbon-rubber based on the total

weight of the hydrocarbon-rubber in the polymer slurry.



,1,3,4,4- 1,2,3,3,4- 1,2,4,4,4- 2,3,4,4,4- 1,1,2,3,3A- 1,1,2,4,4,4-

. 2,3,4,4,4- 1,1,2,3,3,4,4- 1,1, 3, 3, 4, 4 4-

ept af | o-2besmoemne; 1, 2, 3, 3, 4, 4, 4- hept af | uor o- 1- but en@CTAIS2)0ZA10385 |

oro-2- 20butcnc; 1,1,2-trifluoro-2-butene; 1,1, 3-trifluoro-2-butene;
e;1,2,3-trifluoro-2- butene

,4-trifluoro-2-butene; 1, 1 1, 2- tetrafluoro 2- but ene;

1, 3-tetrafl uoro- 2-but ene; , 1,4 érafluoro 2- but ene;

, 1,2, 3-tetrafl uoro- 2- but ene; 1 1 2, 4 tetrafl uoro-2-butene; 1,2,3,4-
etrafluoro-2-butene; 1,1,1, 2, 3- pentafluoro-z-butene; 1,1,1,2,4- 25

pent af | uoro-2-butene; 1,1,1, 3, 4-pentafluoro-2-butenc; 1,1,1,4,4- pentafl
uor o- 2-butene; 1,1, 2,3, 4-pent af | uor o- 2- but ene;

5 8. The process of any preceding paragraph, 'wherein the second liquid phase

1,1

1,2

hep

uor

1,1,4-trifluoro-2- buten
1,2

1,1

1,1

t

comprises greater than 95 wt% of the hydrocarbon-rubber based on the
total weight of the hydrocarbon-rubber in the polymer slurry.

9. The process of any preceding paragraph, wherein the hydrofluorocarbon is
at least 20 wt% of the total combined mass of the polymer slurry and the

10 hydrocarbon solvent.

10. The process of any preceding paragraph, wherein the diluent further
comprises methyl chloride.

11. The process of any preceding paragraph, wherein the hydrocarbon-rubber
comprises polymer(s) and/or co-polymer(s) of isobutylene, isoprene, para-

15 . methyl styrene, or a combination thereof.

12. The process of any preceding paragraph, wherein the polymer slurry
further comprises a Lewis acid, wherein the Lewis acid comprises a metal
or metalloids from Group 4, 5, 13, 14 or 15 of the Periodic Table of
Elements.

20 13, The process of any preceding paragraph, wherein the hydrocarbon-rubber
slurry is produced in a slurry cationic polymerization process for the
production of C4-C5 isoolefin polymers.

14. The process of any preceding paragrabh, wherein the hydrocarbon-rubber
slurry comprises greater than or equal to about 10 vol% solids.

25 15, The process of any preceding paragraph, wherein the hydrocarbon-rubber
slurry is at a temperature of less than or equal to about -20°C when
contacted with the hydrocarbon solvent.

16. The process of any preceding paragraph, wherein the hydrofluorocarbon is
selected such that more of the hydrocarbon solvent is required to produce

30 the first liquid phase and the second liquid phase, as compared to using
methyl chloride as a diluent under the same conditions.

17. The process of any preceding paragraph, wherein the hydrofluorocarbon is
a gas at 25°C and a pressure of 101.3 kPa-a.

18. The process of any preceding paragraph, wherein the hydrofluorocarbon is

35 represented by the formula:

C:H,F,



2,4,4- pentafluoro-2-butene; 1,1,1, 2,3, 4- hexafl uor o- 2- but ene;
1,2,4,4- hexafluoro-2-b utene; 1,1,1, 3,4, 4-hexafl uoro-2-butene;

, 1, 4, Avo-2008m@x8f | uoro-2- b utene; 1,1, 2,3, 4, 4- hexaf | earars2e00015%;
,1,1,2,3,4,4- 30 heptafluoro-2-butene; thereof. 1 ,11
,2,4,4,4-hept af |l uoro-2-butene; , andm xtures 20. The process of any
precedi ng paragraph, wherein the hydrofluorocarbon conprises 1, 1-d

i fl uoroethane. 21. The process of any‘pLﬁpeding par agr aph, wherein the
hydr of | uor ocar bon 35conpri ses 1,1, 1, 2-tetrafl uoroethane. WO

2008/ 002346PCT/ US2007/ 010333 -40 - 5 22.The process of any preceding
par agraph, wherein the hydrocarbon sol vent

e
e

5 wherein x is an integer from 1 to 10, y is greater than or equal to 1, and z is
greater than or equal to 1.

19.  The process of any preceding paragraph, wherein the hydrofluorocarbon is
selected from the group consisting of: fluoromethane; difluoromethane;
trifluoromethane; fluoroethane; 1,1-difluoroethane; 1,2-difluoroethane;

10 1,1,1-trifluoroethane;  1,1,2-trifluoroethane;  1,1,1,2-tetrafluoroethane;
1,1,2,2-tetrafluoroethane; 1,1,1,2 2-pentafluoroethane; 1,1,1-
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-
15 tetraflucropropane; 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-pentafluoropropane; 1,1,2,3,3-
pentafluoropropane; 1,1,1,2,2 3-hexafluoropropane; 1,1,1,2,3,3-
hexafluoropropane; 1,1,1,3,3,3-hexafluoropropane; 1,1,1,2,2,3,3-
20 heptafluoropropane; 1,1,1,2,3,3,3-heptafluoropropane; 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;
25 1,1,2,3-tetrafluorobutane; 1,1,2,4-tetrafluorobutane; 1,1,3,3-
tetrafluorobutane;  1,1,3,4-tetrafluorobutane; 1,1,4,4-tetrafluorobutane;
1,2,2,3-tetrafluorobutane; 1,2,2,4-tetrafluorobutane; 1,2,3,3-

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

1,1,1,2,2-pentafluorobutane; 1,1,1,2,3-pentafluorobutane; 1,1,1,2.4-
30 pentafluorobutane; 1,1,1,3,3-pentafluorobutane; 1,1,1,3.4-
pentafluorobutane; 1,1,1,4,4-pentafluorobutane; 1,1,2,2,3-
pentafluorobutane; 1,1,2,2 4-pentafluorobutane; 1,1,2,3,3-
pentafluorobutane; 1,1,2,4,4-pentafluorobutane; 1,1,3,3,4-
pentafluorobutane; 1,2,2,3,3-pentafluorobutane; 1,2,2,3.,4-
35 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-



conprises C -C |la hydrocarbons. 21The process of any precedi ng paragraph,
wherei n the hydrocarbon solvent is selected fromthe group consisting of:
propane, weabsimess pent ane, hexane, methyl cycl opent anepcrash@xans33 2- 10
met hyl pent ane, 3-net hyl pent ane, 2-net hyl but ane, 2, 2-di net hyl but ane,

2, 3-di net hyl but ane, 2-net hyl hexane, 3-nethyl hexane, 3-ethyl pentane,

2, 2-di met hyl pent ane, 2, 3-di net hyl pent ane, 2, 4-di net hyl pent ane, 3, 3-

di net hyl pentane, 2-nethyl heptane, 3-etfyl hexane, 2, 5-di nethyl hexane,
2,24, -trinethyl pentane, octane, heptane, butane, ethane, nethane, nonane,
15 decane, dodecane, undecane, hexane, nethyl cycl ohexane, cycl opropane,
cycl obut ane, cycl opentane, nethyl cycl opentane, 1, 1-di nethyl cycopentane,

cis-1,2-dirnethyl cycl opentane, trans-1,2-di methyl cycl opentane, tr -1, 3-
di net hyl £ycl openthghluosebiians;c| opedt=bﬁ@;4vg§‘8¥%§ﬂé¥%‘¥}é?“£et hyl c‘yb}légnbi‘ane,
benzene, tol uene . XyARRGutMe; h0- XYl 1ENE 3 NaRxANIRIButar(d)TEL - X%i,mgn,ztand
conbi nations thereof. 24. The process 01‘ any one paragraphs 2-23, wherein

the tenperature diexaijarebutane;step rlahgés3.Brisneflunsobutango to abbdi2.160C.
25The pr.oocess of h%?%(ﬂxpc{rgﬁrﬁ dg par alg{’?%%‘;jhté%@@émg&gpfgl sing ¢ E’Q’fi"gps of :

renovi ng the hydroflTuorocarbdn dil uén rom irst T'iquid pnasé,” the
25second |iquid pHeasfyorobutbhnd;h; andl,p2dv4.dilegafiworbbatgne;a por t1,22,363,4t he

renoved hydr of | b di | t,t koni izati .
6 The. B acess oM eATGLORBNBHpar adr ahne 5o FPlafiyfBRtRE, = oL BREE: s

of : 30removi ng t hephydoatatden sollyenpR,33 armephgiubiotiitadet qui d,phask3.4¢ he
Py of | uor ocar o eBiAGRIPELEs: op 1t ] 2-rki e rorelst  any: bhe bhPagr aphs
2-26, wherein t hg,cpeifRbalbiuihest €P] ,3§t3ggj4beﬁ%q5gmr5m§né;ai siiig1,22,3,9Mer i ng
the tenperature of the mxture. -41 - 528. A process for retrofitiing an
existing slurry cestatBiorebyssney ner il dat-2 @ prtzatatlyomebytans: of i d¢li hg-3phtfess
conprisijgg the procaaOfudfdy PreGeHbn PALAHRRNedthed Pr Q06E3,3i0.4-
retrofitting an existing sol ution’éationic polynerization piant, the
retrofitting processaflusseipitans: ngl.1 He2.288bAotonafluorobutane;  1,1,1,2,2,3,4,4.4-
nonafluorobutane;  1,1,1-trifluoro-2-methylpropane;  1,1,3-trifluoro-2-
methylpropane; 1,1,1,3-tetrafluoro-2-methylpropane; 1,1,3,3-tetrafluoro-2-
methylpropane; 1,1,3-trifluoro-2-(fluoromethyl)propane; 1,1,1,3,3-

20 pentafluoro-2-methylpropane; 1,1,3,3-tetrafluoro-2-
(fluoromethyl)propane; 1,1,1,3-tetrafluoro-2-(fluoromethyl)propane; 1,1,2-
trifluorocyclobutane; 1,1,3-trifluorocyclobutane; 1,2,3-
trifluorocyclobutane; 1,1,2,2-tetrafluorocyclobutane; 1,1,3,3-
tetrafluorocyclobutane; 1,1,2,2,3-pentafluorocyclobutane; 1,1,2,3,3-

25 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;  1,1,2-trifluoroethene;  1,1,2-trifluoropropene;
1,1,3-trifluoropropene;  1,2,3-trifluoropropene;  1,3,3-trifluoropropene;
2,3,3-trifluoropropene;  3,3,3-trifluoropropene; 1,1,2-trifluoro-1-butene;

30 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-triftuoro-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-
35 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-butene; 1,2,3,4-



a) contacting a polymer solution fromthe solution cationic

10pol yneri zation plant, the polynmer solution conprises a hydrocarbon-rubber
di ssol vedworoas/med4séent, with a hydrof |l uorocarbon at a presdaise@7gi@eas er t han
or equal to the vapor pressure of the resulting mxture; b) adjusting the
tenperature, the pressure, and/or the weight fraction 150f the

hydr of | uorocarbon in the resulting mxture to introduce phase-separation of
the resulting m xture to produce a flrs§ essentially honbgeneous |iquid
phase and a second essentially honogenecus |iquid phase; and c) separating
the first liquid phase fromthe second |iquid phase by 20decanting, gravity
settling, liquid/liquid centrifugation, or a conbination thereof wher ei n
the first liquid phase conprises at | east 60 w % of the_ hydrof uor ocar bon

based or’ t he t ot Mirafkgir -iteneh e IRt deradrsedrbgrnsn bhé %@F‘? Prosbt ut i on
and wherein the gge aseg,ﬂw'tgrm%%@.lcma{egsle@4atte?r§h§a%tl -Bent %0 8f3 4-he

hydr ocar bon-r ubber on the total wel ‘of the hydrocarbon-Tubber in
the pol yner sol utétmafluos®.lAutignt o@al.brictrafbine-lcbutpnssi t3.6:4, 4rigtraflggrogl net hod

conprising the process Of%?ngggﬁﬁﬁg’Q%gﬁﬁ&%graph34§QQQ&%ﬁL&%eL%Qk%Q¥‘ng

exanpl es reflect enbodi me oslire and are by no neans
i ntended to be |ilpd, zﬁmpmﬁaﬂMOslcbquenaf 11142, 34ebmtafbwm-é -buEOR)NPLES, 4.%@-1081I n

the current inventio hase behayi.o bber_ cene
det erm h&d on polpﬁﬂ'&?ﬁhg ﬁtbfpm pr epg:f@dgf1 Pr??b'g if% Eei %t ur espﬁ)?’ ULB
hexane (ultra- |OWkQ@ﬂ&@ﬂﬁ1hﬁ%ﬁﬁeS obu@lmEth&ﬁmbE%Kkahb1| Chﬁﬁﬁqﬁ“ Co. )

and conparative neth chl gri de (obtali ? from E oduct s) o %} -
- 5di f | uor oet han®ep Eany?é%WHFcal 8& e BF” bjitepiey + o g(ﬁ ?oethane
(134a, 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-
15 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; 1,1,1-trifluoro-2-
20 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-
25 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-

30 heptafluoro-2-butene; 1,1,1,2,4,4,4-heptafluoro-2-butene; and mixtures
thereof.
20. The process of any preceding paragraph, wherein the hydrofluorocarbon

comprises 1,1-difluoroethane.
21. The process of any preceding paragraph, wherein the hydrofluorocarbon

35 comprises 1,1,1,2-tetrafluoroethane.



obt ai ned from National Refrigerants or DuPont). Methyl chloride, 152a and
134a are generically referred to as the phase separating agent (PSA) or the
di l uent iwotb@s/mexiéri pti on for the purposes of teachi ngrChaseezhosiby which
exanpl e data was coll ected. The experinental errors for all the
experinmental data collected were 10 within 2.5% of the experinental data.

[ 0109] The butyl rubber used for all experinents was a commercially

avai l abl e 268 grade or a 2222 grade frogg Exxonhbbil Chenmical Co. The 268
rubber was prepared for the nmeasurenents by dissolving it into hexane and
filtering the resulting solution to renove insoluble additives. 0.2 wt. % of
BUT 15 was added to this solution as a stabilizer for the experinents
descri bed bel ow. The hexane was renoved by I;‘\éa oratipn Jhe ol yr’rFr was
finally 8ridad i n TReIeeRsHOS ¢BY PIRCCANE Pafiiga rpBdhe b ';9%%8?@8 Y§ES then

di ssolved in a suffjciant, aPtro@drbbls8 hexane to reach the predeterm ned
concentration for fdﬁdli vi dual expgri ments. 20[ 01l10]Alternatively, the 2222

grade of bupl wiheqgivoedsned anngressdineaparagraph. wheseinghe dxdiogerbpp spivBnhexane
at a concentration_of .2 0 . al concentrati on was
0367 o B8 it sepure

predeterm ned for” indi € e cenment was used as received.
101111Two di f f er gibpdngpésbafanex pemtang hexangr methylcywhipehtadef isehe@ngn2t he 25

equi prnent used, the nethod of, sanple prepagat t | i f. the
solutiord in or dé’PetPESlpﬁﬁtl?Be’pﬁé?@%&?ﬁ@efn& %Bgéetﬁglgﬁg s SF W%&W}%\e’set of
experi Irr:s*nt s, a kr!?%irﬁﬂtﬁzrﬁutaﬁ%, ﬁ%&uylgbxmbbmnrmaﬂh@ o 3ﬁthylmtaﬂe, o
scintillation vial. To thjs via s.addedq a volu exane specifie
by the desired fi?n%1d“86"1'?psl?§rl‘tai“8n. SPREMSIRIR RS g?f'gf%‘%{bﬁ?e'&ag%’ol\’fga in
this solvent. 30 diRRuSP!péntR, Wamettydeptale! adethpihexsned rys-aivethpiticxane,
subsequently cooled to a tenperature bel ow the boil itggmgoi n%@of ther}ephase

separating agent %-&f-tdmetiprlp§atang, acking, hepkie, butaRs: &l mgthane, 8eN%d

amount gfs di | uentgapas. afdechRS udédank! ﬂexa-ll;@,emQQ‘%ll RJclbhdtanvasyi§bpshe, War ned
to roomtenperature and then m xed conpletely. The sargl e was equilibrated
at the desired fisvslobutamseeymiopantings methylevpiopentansyl 4 -dnsdwlaysopsntane,

observation was le.H_ S Cl ar: ' d 43
described in det 2;'? g?g o!]r_—l?%erﬁltéﬂg(g%ﬁgé%én%%nssi i't’?(gfrllanXth-y I‘%{C%p Q lrng{[%(fei1lilL521]ﬁsTo’ a20m
scintillation vi adimetdtsyladdeenians) gr ans ahylbytlgpentansber f ol | owbahelsynel0. 0 ni

of ULB hexane. The po r was allowed. .t,0 co tel i V%

conpl eting the ne?gf&glcé'g@.heﬁrg’ S’SP;Z/?P& té%?'?ﬁ’ i@r&een\ffagﬁhﬁé@%ﬁa aﬁ%@g’f#% into
the dry feox and thetasolierid, and soibaguient thereodol ed to - 60C wher eupon 1. 30 ni
of liquid 134 added to the vial. The contaj ner was .seal ed

war ned to ro%% t eNFePEPGESR OfTHY O8fit RHEERRY 2'%%\@'5“8?‘ (5%%2%? eﬁé&l‘?r}ghaki ng
the vial over theadigstingtdiptanges Abmidbatt 110080 abbe JH0aSe behavi or was
determ ned (one or. two phases). The.vol unes of tEe t wo ﬁshas%s nere .

det er ni ned b%° mar KGBFOCRES HanymressfingRaragigrly fyhe SoPRTRNETE B Ofhe vi al .
Once the content srefolifle the AYdERBreAdonedilustdtfismwhe fasidiguitdophase, the
appropriate mark and the volune 15 .of water neasured by pouring it into a
gr aduat e cyl i ndesecond fiquitmhase P @PEns were recorded graphically on a

ternary phase di agf3fRiMe bhieaPpsSHioh YTIhe RERE MRG0 eorefebihageemitott ed as
closed circles (*) and conpositions observed to be two phases plotted as

cl osed squares ( nyatiomicamlam@rimti@ R'9R&Pructed for nmeasurements at 25C and
;I:rll'gczus' ng lsda aff’hgm&%sﬁgﬁaq& | ENSE pal iR aFh*H-OUS f@kiRr LORWMRsing eSS 1
- of:
30 removing the hydrocarbon solvent from the first liquid phase, the second
liquid phase, or both; and
providing least a portion of the removed hydrofluorocarbon diluent to step
(a).
27. The process of any one paragraphs 2-26, wherein the separating step

35 further comprises raising or lowering the temperature of the mixture.



[0114] The second set of experinments were conducted in a 400 ml Parr vessel
equi pped with two opposing glass windows in the cylindrical vessel's body.

I n these wopessiovesivs, the rubber was di ssol ved at room rerESeerONE3s nt o an
appropriate anmount of ULB hexane to prepare solution with an initial rubber
25 concentration of 25 to 36 wt.% The initial concentration was chosen
such that the final rubber concentration in the solution would be between
16 and 24 w. % after adding dil uent for each conposition in the series,
consistent with comercial practices in 1the art. The vessel was asserrbl ed
for the experinment by first |oading the rubber and the ULB hexane. The
vessel was seal ed and the contents stirred 30 until all the rubber was

di ssol ved. The listed diluent was then | oaded into the vessel froma sanple
cyl i nder5 coR8-ai nidnprockss fop aeirefitting mourxistion ﬂwn@mwmw@}wmré@gw ®ant. room

tenperature. The, ¥ (ﬁaaq rRpiknown
anmount of |iqui d 11 uéﬁg%drﬁ&%%@ th{JF%%gﬂldgwsst gg) %Béng p0| n of t he
di | uent. Th29sanpl erooess rfderreumﬁttmgaduectxwmdgmlm tcetwmonpqlmnpemtmlr e. 35
The mass of dil u_eﬂ dl % ?ré“ c)ntos tohe F;"f”%tthe ?z)glofwas det er mi ned by

wei ghi ng the cyl Prifer"bEF o7 6 Enb CAFPeO tHE 15 aRs The Parr vessel was
then heated wit ha)V\D %ﬁ&bﬁﬁ@346%rfxﬂ&20§&ﬁﬁdx03ﬁﬁm thé -sohstidr rcatignint i |

the solution turned clo The LCST and.t e each det erm ned by
thermal }Y equilibrati @y 'Il %rtﬁ?&of‘hepé%ucfhf)olﬂ?b}csﬁ‘il ISO]EJHB“LC?F‘R 575t fe ucsT)

coul d be determ ned tydkddaitbndabbén Fdigstleed, e €nt kslRemhaseaiture from
the UCST to the LCST are determ ned using MeCl (CH3Cl), 134a (1,1,1, 2-

tetraf | uoroet hane) andwaraflupregasbep at a wé@i“rérﬁfeﬂt?&ﬁ‘a(lf’rfq&?lf 1°u Fd’é‘Pﬂ%me)

The 10data are |isted rgssggétgfqhgresq;ﬁwg?ng{tﬂéase Curve Data MeCl Dil uent
134a Di | uent 152a MeCl. 152a Di | uent YoDiluen t LCST C UCST C W% Di | uen t
b adjusting the temperature, the pressure, and/or the weight fraction

15 of the hydrofluorocarbon in the resulting mixture to introduce
phase-separation of the resulting mixture to produce a first
essentially homogeneous liquid phase and a second essentially
homogeneous liquid phase; and

c) separating the first liquid phase from the second liquid phase by

20 decanting, gravity settling, liquid/liquid centrifugation, or a

combination thereof,
wherein the first liquid phase comprises at least 60 wt% of the
hydrofluorocarbon based on the total weight of the hydrofluorocarbon in
the polymer solution and wherein the second liquid phase comprises at

25 least 90 wt% of the hydrocarbon-rubber based on the total weight of the

hydrocarbon-rubber in the polymer solution.
30. A hydrocarbon-rubber composition made by a method comprising the

process of any preceding paragraph.

30 [0107) The following examples reflect embodiments of this disclosure and
are by no means intended to be limiting of the scope of this disclosure.
EXAMPLES
[0108] In the current invention, the phase behavior of butyl rubber
cements were determined on polymer solutions prepared from solvent mixtures of

35 ULB hexane (ultra-low-benzene hexanes, obtained from ExxonMobil Chemical

Co.) and comparative methyl chloride (obtained from Air Products) or 1,1-



LCST C TICST CW%Diluen t LCST CUCST C W%Diluen t. LCST C UCST CO
152 0 152 0 150
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s difluoroethane (152a, Technical Propellants) or 1,1,1,2-tetrafluroethane (134a,
obtained from National Refrigerants or DuPont). Methyl chloride, 152a and 134a
are generically referred to as the phase separating agent (PSA) or the diluent in the
description for the purposes of teaching the method by which example data was
collected. The experimental errors for all the experimental data collected were

10  within £2.5% of the experimental data.

[0109] The butyl rubber used for all experiments was a commercially
available 268 grade or a 2222 grade from ExxonMobil Chemical Co. The 268
rubber was prepared for the measurements by dissolving it into hexane and
filtering the resulting solution to remove insoluble additives. 0.2 wt.% of BHT

15 . was added to this solution as a stabilizer for the experiments described below. The
hexane was removed by evaporation. The polymer was finally dried in a vacuum
oven at 45°C. The 268 rubber so prepared was then dissolved in a sufficient
amount of ULB hexane to reach the predetermined concentration for individual
experiments.

20 [0110] Alternatively, the 2222 grade of buty! was obtained and used as a
solution or cement in ULB hexane at a concentration of 23 to 29 wt%. The actual
concentration was predetermined for individual experiments. The cement was
used as received.

[0111] Two different types of experiments were run which differed in the

25  equipment used, the method of sample preparation and the handling of the
solutions in order to make phase behavior observations. In the first set of
experiments, a known amount of 268 butyl rubber was added to a 20 ml
scintillation vial. To this vial was added a volume of ULB hexane specified by the
desired final composition. The rubber was completely dissolved in this solvent.

30 The solution was transferred into a dry box and subsequently cooled to a
temperature below the boiling point of the phase separating agent (or diluent). At
this lower temperature, the required amount of diluent was added as a liquid. The
sealed vial was sealed, warmed to room temperature and then mixed completely.
The sample was equilibrated at the desired final temperature for at least 2 hours

35 before an observation was made. For the purposes of clarity, this procedure is

described in detail for one example composition.
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5 (0112} To a 20 ml scintillation vial was added 1.50 grams of butyl rubber
followed by 10.0 ml of ULB hexane. The polymer was allowed to completely
dissolve before completing the next steps. The polymer solution was then
transferred into the dry box and the solution subsequently cooled to -60°C
whereupon 1.30 ml of liquid 134a was added to the vial. The container was sealed

10 and warmed to room temperature. The contents were mixed by occasionally
shaking the vial over the next 2 hours. At that time, the phase behavior was
determined (one or two phases). The volumes of the two phases were determined
by marking the height of the two phases on the side of the vial. Once the contents
of the vial were emptied, water was added to the appropriate mark and the volume

15 .of water measured by pouring it into a graduated cylinder.

{0113} The compositions were recorded graphically on a ternary phase
diagram with compositions observed to be one phase plotted as closed circles (®)
and compositions observed to be two phases plotted as closed squares (m).
Diagrams were constructed for measurements at 25°C and -15°C using 134a as
20 the HFC diluent. These plots are shown in Figures 1 and 2.
{0114] The second set of experiments were conducted in a 400 ml Parr vessel
equipped with two opposing glass windows in the cylindrical vessel’s body. In
these experiments, the rubber was dissolved at room temperature into an
appropriate amount of ULB hexane to prepare solution with an initial rubber
25  concentration of 25 to 36 wt.%. The initial concentration was chosen such that the
final rubber concentration in the solution would be between 16 and 24 wt.% after
adding diluent for each composition in the series, consistent with commercial
practices in the art. The vessel was assembled for the experiment by first loading
the rubber and the ULB hexane. The vessel was sealed and the contents stirred
30 until all the rubber was dissolved. The listed diluent was then loaded into the
vessel from a sample cylinder containing the required amount of diluent under
pressure at room temperature. The sample cylinder was originally loaded by
adding a known amount of liquid diluent at a temperature below the boiling point
of the diluent. The sample cylinder was sealed and warmed to room temperature.
35 The mass of diluent transferred into the Parr vessel was determined by weighing

the cylinder before and after the transfer. The Parr vessel was then heated with
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5  stirring until the solution turned cloudy. The LCST and the UCST were each
determined by thermally equilibrating around the cloud point until the LCST (or
the UCST) could be determined to within 2°C. In Figure 3, the entire phase curve
from the UCST to the LCST are determined using MeCl (CH3Cl), 134a (1.1,1,2-
tetrafluoroethane) and a 1:1 blend of MeCl and 152a (1,1-difluoroethane). The

10  data are listed in Table 2.

Table 2 Phase Curve Data
MeCl Diluent 134a Diluent 152a MeCl:152a Diluent
Wi% Wi% W% W%
Diluen LCST |UCST Diluen LCST |UCST Diluen LCST (UCST Diluen LCST{UCST
°C °C °C °C °C °C °C °C
t t t t .
0 152 0 152 0 150 0 150
0.15 | 140 0.04 | 147 0.20 | 30 0.09 | 142
0.23 | 133 0.06 | 144 0.28 21 1022 | 120
0.34 | 120 0.12 | 132 0.23 -12 | 0.31 | 101
041 | 110 0.17 | 115 0.05 | -83 | 038 | 80
0.51 95 0211 79 0.00 -105 | 0.41 58
0.60 | 77 027 | 42 0.44 | 37
0.66 | 64 .1 027 16 0.44 10
0.72 | 43 0.21 -10 0.41 -6
0.78 | 28 0.15 -32 0.38 -26
0.78 -28 | 0.07 -66 0.00 -105
0.72 -45 | 0.00 -105
0.67 -52
0.60 -62
0.57 -68
0.00 -105
[0115] In Figure 3, the one phase region is to the left of the phase

boundary line, and the two phase region is to the right of the phase boundary line.

Accordingly, proper selection of the HFC can produce a combination wherein the
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5 amount of the HFC required to produce a two-phase system relative to
comparative MeCl is greatly reduced.
[0116] All patents and patent applications, test procedures (such as ASTM
methods), and other documents cited herein are fully incorporated by reference fo
the extent such disclosure is not inconsistent with this disclosure and for all
10 jurisdictions in which such incorporation is permitted.
{0117} When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated.
[0118] While the illustrative embodiments of this disclosure have been
described with particularity, it will be understood that various other modifications
15 will be apparent to and can be readily made by those skilled in the art without
departing from the spirit and scope of this disclosure. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present
20  disclosure, including all features which would be treated as equivalents thereof by

those skilled in the art to which this disclosure pertains.
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CLAIMS

A post-polymerization process for separating a hydrocarbon-rubber from a
polymer slurry having said hydrocarbon-rubber dispersed within a diluent, which
comprises the steps of:

(a) contacting said polymer shury with a hydrocarbon solvent capable of
dissolving said hydrocarbon-rubber, to produce a first essentially
homogeneous liquid phase and a second essentially homogeneous liquid
phase; and

(b) separating said first liquid phase from said second liquid phase,
wherein said diluent comprises a hydrofluorocarbon, said first liquid phase
comprises at least 60 wt% of said hydrofluorocarbon based on the total
weight of said hydrofluorocarbon in said polymer slurry, and said second
liquid phase comprises at least 90 wi% of the hydrocarbon-rubber based
on the total weight of said hydrocarbon-rubber in said polymer slurry.

The process of Claim 1, wherein said hydroflucrocarbon comprises at least one

carbon atom, and at least two fluorine atoms.

The process of Claim 1, wherein said hydrofluorocarbon comprises 1,1-

difluoroethane.

The process of Claim [, wherein said hydrofluorocarbon comprises 1,1,1,2-

tetrafluoroethane.

The process of Claim 1, wherein said polymer slurry additionally comprises

unreacted monomer(s), catalyst, or a combination thereof.

The process of Claim 5, wherein said first liquid phase comprises essentially all of
said unreacted monomer(s), catalyst, or a combination thereof, originally present

in said polymer slurry.
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The process of Claim 1, wherein said first liquid phase comprises less than 5 wt%
of said hydrocarbon-rubber based on the total weight of said hydrocarbon-rubber
in said polymer slurry.

The process of Claim 1, wherein said second liquid phase comprises greater than
95 wit% of said hydrocarbon-rubber based on the total weight of said
hydrocarbon-rubber in said polymer slurry.

The process of Claim 1, wherein said hydrofluorocarbon is at least 20 wt% of the

total combined mass of said polymer sharry and said hydrocarbon solvent.

The process of Claim 1, wherein said hydrocarbon solvent comprises a Cs to C;

alkane.
The process of Claim 1, wherein said diluent further comprises methyl chloride.

The process of Claim 1, wherein said hydrocarbon-rubber comprises polymer(s)
and/or co-polymer(s) of isobutylene, isoprene, para-methyl styrene, or a

combination thereof.

The process of Claim 1, wherein said polymer slurry further comprises a Lewis
acid, wherein said Lewis acid comprises a metal or metalloids from Group 4, 5,

13, 14 or 15 of the Periodic Table of Elements.

The process of Claim 1, wherein said hydrocarbon-rubber slurry is produced in a

slurry cationic polymerization process for the production of C4-C; isoolefin

polymers.

The process of Claim 1, wherein said hydrocarbon-rubber slurry comprises

greater than or equal to about 10 vol% solids.
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The process of Claim 1, wherein said hydrocarbon-rubber shury is at a
temperature of less than or equal to about —20°C when contacted with said

hydrocarbon solvent.

The process of Claim 1, wherein said hydrofluorocarbon is selected such that
more of said hydrocarbon solvent is required to produce said first liquid phase and
said second liquid phase, as compared to using methyl chloride as a diluent under

the same conditions.

The process of Claim 1, wherein said hydrofluorocarbon is a gas at 25°C and a

pressure of 101.3 kPa-a.

The process of Claim 1, wherein said hydrofluorocarbon is represented by the
formula:

C,H,F,
wherein x is an integer from 1 to 10, y is greater than or equal to 1, and z is

greater than or equal to 1.

The process of Claim 1, wherein said hydrofluorocarbon is 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; 1,1,1-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-tetrafluoropropanc;
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-pentafluoropropane; 1,1,2,3,3-pentafluoropropane;
1,1,1,2,2 3-hexafluoropropane; 1,1,1,2,3,3-hexafluoropropane; 1,1,1,3,3,3-
hexafluoropropane; 1,1,1,2,2,3,3-heptafluoropropane; 1,1,1,2,3,3,3-

heptafluoropropane; 1,1,1-trifluorobutane; 1,1,2-trifluorobutane; 1,1,3-
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trifluorobutane; 1,1,4-trifluorobutane; 1,2,2-trifluorobutane; 1,2,3-trifluorobutane;
1,3,3-trifluorobutane; 2,2,3-trifluorobutane; 1,1,1,2-tetrafluorobutane; 1,1,1,3-
tetrafluorobutane; 1,1,1,4- tetrafluorobutane; 1,1,2,2-tetrafluorobutane; 1,1,2,3-
tetrafluorobutane; 1,1,2,4-tetrafluorobutane; 1,1,3,3-tetrafluorobutane; 1,1,3,4-
tetrafluorobutane; 1,1,4,4-tetrafluorobutane; 1,2,2,3-tetrafluorobutane; 1,2,2,4-
tetrafluorobutane; 1,2,3,3-tetrafluorobutane; 1,2,3,4-tetrafluorobutane; 2,2,3,3-
tetrafluorobutane;  1,1,1,2,2-pentafluorobutane;  1,1,1,2,3-pentafluorobutane;
1,1,1,2,4-pentafluorobutane; 1,1,1,3,3-pentafluorobutane; 1,1,1,3,4-
pentafluorobutane;  1,1,1,4,4-pentafluorobutane;  1,1,2,2,3-pentafluorobutane;
1,1,2,2,4-pentafluorobutane; 1,1,2,3,3-pentafluorobutane; 1,1,2,4,4-
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-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-octafluorobutane; 1,1,1,2,2,4,4,4-
octafluorobutane; 1,1,1,2,3,4,4,4-octafluorobutane; 1,1,1,2,2,3,3,4,4-
nonafluorobutane; 1,1,1,2,2.3 .4 4 4-nonafluorobutane; 1,1,1-trifluoro-2-
methylpropane; 1,1,3-trifluoro-2-methylpropane; 1,1,1,3-tetrafluoro-2-
methylpropane; 1,1,3,3-tetratfluoro-2-methylpropane; 1,1,3-trifluoro-2-

(fluoromethyl)propane; 1,1,1,3,3-pentafluoro-2-methylpropane; 1,1,3,3-
tetrafluoro-2-(fluoromethyl)propane; 1,1,1,3-tetrafluoro-2-(fluocromethyl)propane;
1,1,2-trifluorocyclobutane; 1,1,3-triflucrocyclobutane; 1,2,3-trifluorocyclobutane;

1,1,2,2-tetrafluorocyclobutane; 1,1,3,3-tetrafluorocyclobutane; 1,1,2,2,3-
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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-
butene; 1,2,34-tetrafluoro-1-butene;  1,2,4,4-tetrafluoro-1-butene;  1,3,3,4-
tetrafluoro-1-butene; 1,3,4,4-tetrafluoro-1-butene; 1,4,4,4-tetrafluoro-1-butene;
2.3,3,4-tetrafluoro-1-butene; 2,3,4,4-tetrafluoro-1-butene; 2,4,4,4-tetrafluoro-1-
butene; 3,3,4,4-tetrafluoro-1-butene; 3,4,4,4-tetrafluoro-1-butene; 1,1,2,3,3-
pentafluoro-1-butene;  1,1,2,3,4-pentafiuoro-1-butene; 1,1,2,4,4-pentafluoro-1-
butene; 1,1,3,3,4-pentafluoro-1-butene; 1,1,3,4,4-pentafluoro-1-butene; 1,1,4,4,4-
pentafluoro-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; 1,1,1-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-
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CLAI M5 1. A post-pol ynerization process for separating a

hydr ocar bon-rubber froma polyner slurry having said

hydr ocar bon-rubber di spersed within a diluent, which conprises the
steps of: (a) contacting said polyner slurry with a hydrocarbon

sol vent capabl e of dissolving said hydlocarbon-rubber, to produce a
first essentially honbgeneous |iquid phase and a second essentially
honogeneous |iquid phase; and (b) separating said first |iquid phase
from sai d secopdiihaiélAbRbase, l,ﬂ@,@[ﬁééﬁtﬁﬁb%-ﬂbhﬂéﬁé}t CPTRI4-5&%atfhoro-2-
hydr of | uorocarbon, said first Ti'quid phase conprises at [east 60 w %
of said hydr oftutgmepcar boh2 BAspetapimorohebutoneil  wel.dRt4,degaflupro-2-butene;

hydr of | uor ocarp i i I r slu , sa. d second |igui

ohase compri seainP i ABlMBR Y IRERS | L5 PRt f bR | 1 Bute
the total wei ghkafbforsaitchtdngdriQLapbiohhetsfibedo-I-butsidd; d1.pol y4rehesdflioros2-
2. The process of d ai on conprises at

im.1 erein sai d hydrofl| uorocar
| east one car %’1‘?“3'{o}rarnla%ﬁ‘}athpg’glé‘f’mf%u@l“ﬁorlbhézé“e%‘hg‘?l’t lupges 2 utrogs s
of Caiml, wWhgHehiRns& tHerBydr of | uorocarbon conprises 1, 1-
di fl uoroet hane. 4. The process of Caiml, wherein said

hydr of | uor ocarbon conprises 1,1,1,2- tetrafluoroethane. 5.The process
of dai mZl. whdrepmcessia Plaing nerwlsdreinrspidatigiro¢aoal bglveaw mompsisss Ci-Cio
uneact ed nnnorlj{s%gq%)dfbocat al yst, or a conbination thereof. 6. The

process of C ar) Srein said first I qui d phase conpri ses

essentially all of said unreacted nononer(s), catalyst, or a
conbi nati gn t hereof, oritgi Qlal ly present .in said, polymer slurry. . - 47
- 7. The Proced® Bocess Hinflpm i evhsranssicy hydroearbon gplvent spauises linear,

conprises | essy i R&R Dr W ;-Salydryogear bon-rubber based on the
total weight of said hydrocarbon-rubber in said polyner slurry. 8.

The process of Caiml1l, wherein said second |iquid phase conprises
greater t3an 9Bhewosass of &llaimhi,dwlbaeinbreid- hydodrarbobawbanbis seheetetl dtah the
wei ght of said hydrocarbon:rubber in said polyner slurry. 9. The
process of d af P OREPETn sai d hydr of | uorocarbon is at | east 20 wt %

of the total qnofineedistitmenl p&Rird, PRdVAE! rBdthilEyelcprbtag@li dsohexane, 2-
hydr ocar bon sol vent. 10. The ﬁ)rocess of Caim1, wherein sai

d
hydrocar bon sdPYBHPH#ifer Peasihypesiance Ampesindbutane, Iredipedylbatngs 2.3-
Gaiml, where¢ifed@itdiatle] UShhethhENRE, CAMMEMLSBExART NV ctENpH AL 2,2-

dimethylpentane, 2,3-dimethylpentane, 2,4-dimethylpentane, 3,3-dimethyl
pentane,  2-methylheptane,  3-ethylhexane, 2,5-dimethylhexane, 2,24,-
trimethylpentane, octane, heptane, butane, cthane, methane, nonane, decane,
dodecane, undecane, hexane, methyl cyclohexane, cyclopropane, cyclobutane,
cyclopentane, methylcyclopentane, 1,1-dimethylcycopentane, cis-1,2-
dimethylcyclopentane, trans-1,2-dimethylcyclopentane, trans-1,3-
dimethylcyclopentane, ethylcyclopentane, cyclohexane, methylcyclohexane,
benzene, toluene, xylene, ortho-xylene, para-xylene, meta-xylene, and

combinations thereof.

24.  The process of Claim 1, wherein said hydrocarbon solvent comprises an ultra low

benzene grade hexane, said ultra low benzene grade hexane consists essentially of



12. The process of Claim1, wherein said hydrocarbon-rubber conprises
pol ymer (s) and/or co-pol yner(s) of isobutylene, isoprene, para-nethyl
styrene, or a conbination thereof 13. The process of Claim1l, wherein
said polymer slurry further conprises a Lewis acid, wherein said
Lew s acid conprises a netal or netall oids fron1(}oup 4, 5, 13, 14 or
15 of the Periodic Table of Elements:334. The process of Claim 1,
wherei n said hydrocarbon-rubber slurry is produced in a slurry
cationic polynerization process for the production of C4-C7 isoolefin
pol ymers. 15. ;TheBiosesfedhe,3-fielh ipenwﬁ@r?hﬁtlﬁ;ﬁieﬁtahy%&ﬁ%pasbe&l%ger
slurry conprises greater than or equal to about 10 vol % solids.

- 16. The procadsydphedlané.m 1, wherein said hydrocarbon-rubber slurry
is at a tenperature of |ess than or equal to about -ZOC when

cont acte 't sai d_hydr.ocar bon_sol vent of Claim1l
wher o n Sira nyRPra PELaRBOR v ETeh B sttt SR LB Oy & bt
hydrocar bon sqihmr\tvhemﬂ@mwapeﬂpﬁa@eaﬁﬂ;ﬂm@smame&ﬁrst l'iquid phase
and said second |iquid phase, as conpared to using nethyl chloride as
a diluent under the sanme conditions. 18. The process of Caiml,
wherein s¥i-d Hydeast p@dm@@%ﬁfmnpliogesa s sseparating: 2 hedracasbensabber dom a

101. 3 | cPa- a.

hydr of | uorocarl%ygym Isr pres Stagd(cjh%gdaw&f%%ldﬁp&éaglﬁ E%dr%eor%?aﬁbon
is an integer diluemof, ctompt@mgyhastelgroéat er than or equal to 1, and z is
greater than or equal to 1. The ocess . of C e sai d
hydr of | uor ocarBon i gn?‘étllrtgcﬁalé%pql%?ﬁ S[hﬁ'@' ‘@"r@ﬁ&y@i?ﬁ%r o Fcﬂ;\jﬁ ikl e
f1 uoronet hane; dif Iwm&mbmer taf iof bw&aﬁgrmeshaﬁla%mt R&MBe vapor
1, 1-di fl uor oet hane; 2-di fluoroethane; 1,1, 1-trifluoroethane; 1,1, 2-

ri fluoroethane; 1 Mesiuﬁﬂfﬂﬁﬁ%ult%r%ﬂﬁane

,1,2,2-tetrafy uor . .
1 -trifl uor pr o%ghl@wthe]teé?ér? ﬁ%u%g%egﬁrg%)%%é%a@?%%gm fraction of the
uor opr opane; 1,ddu@ntt mnj ﬁahcumersubmgpan@ur& 12, iBiroduck | phesoppaptore of said

Bl RS R MO SRR cous i phase

et r af | uor opd apeasad easeat;aZLyauohﬁ,tgelaa‘ohyﬁ 09 pRAs
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t
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trifl uqr, obut fang,1.ql t 1 yor obut ane;
¢ AT o uldbLR

robut angrrg ) St dhe; c‘fﬂlﬁ‘“fs hfﬂ% %)Sllogﬁt i, of said

rifl Uorl@ﬁtﬂfﬁﬁﬁ),caﬂ;oﬁ dﬂueﬁtrbafsédlﬁﬂi Ql@fo@dl&ye@ht%i?sald hydrofluorocarbon
orobut a 2 tetrafl uorobut ane, 1.,.1,3 -
uor o butd;y"ll@nt 13 sg_l ]pohyma(ré Wryr 4ng gy hessin éﬁg second Tiquid phase comprises at

t et r afibupropbytanss satd %yam%arbbﬁfrﬁlﬁie} HELAPLE GRAE total Welght of said
tetrafl uorobutane; 1,1, 3,3-tetrafl uorobutane; 1,1,
uor obuthydeocarbon- rllbbﬁr i sawsk rodfrhershubut ane; 1 ,2,2,3

| uor obut ane; 1, 2,2, 4- tetrafl uorobutane;

Hi—‘l—‘l—‘_Hl—‘l—‘l—‘H_

— -
-~ — 1

—_——

Q —h~

— = - -
wﬂQ)NNQJ_hw_H_l—‘I—‘NHl—‘wNH_I—‘

, 2-
3-
2
3
, 3,
2
2,
o)
t

u
I

, 2-
4-
I

f

, 3-

I\)CD""I—‘I—""“‘N_

tefraf orobut 4-t et.r af | uor obut.ane;. .2, 2, 3,.3-
12,35 L aUhor S 80 ekl o4 SO OR Y 208 1 %5 bout
- pent af | uor obuttpaneabolt 180°C. 1 , 2, 4-p entafl uorobutane; 1, 1,1,3 ,3
- pent af | uor obut ane; p entafl uor obut ane;1,1,1, 4, 4- pent af | uor obut ane;
1,1 ,2,2,3 -pentafluorobutane; 1,1, 2,2, 4- pentafluorobutane 1, 1,2,3
.3 -pent a#d. uor%tﬂrw&s af Glaim 26,4vhepeinsaif ﬂluéqoabwaﬁbomdﬂuemt is selected from

,3,34pentaf| ne
1,2, 2,3,4-penta H? % robu g%ténng% 3[1}1‘?550112‘?1%51% gglﬁéou Bélnttglfhlomnwthane
1,1,1, 2, 2, 4- hawadcthaneohltdifherocthang; 12H;ﬁ403?oetﬁanehé,>laf-thlﬂluomblh'am;a 1,2-,




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

- hept af | uorobutane; 1,1,1 , 2,4, 4, 4- heptafl uorobutane; 1,1,1, 3, 3,4,4
heptafluorobutane;l,l,l 2 2,3 ,3 ,4-0 ctafl uorobutane;
1,1,1,2,2,3,4, 4- oct af | uor obut a ane;1,1,1,2,3,3 ,4,4-0 ctafl uorobut ane;

octafluorobutane;1 , 1,1,2,3 ,4,4,4- o%t3afl uor obut ane;

1,1,1,2,2,3,3,4,4- nonafl uorobutane; 1727-1 ,

2, 3,4, 4, 4-nonaf l uorobutane; 1 , 1 , 1-trifluoro-2- nethyl propane;l

3 -trifluoro-2-nethyl propane; 1,1,1, 3-tetrafl uoro-2-

: 5;?83291t%1¥1u%r8?r§%1§et hgﬁ;{ﬁf‘fg’ﬁﬁg&‘)&h% hY'l%%&@ﬂaﬁﬁaroéthéne; 1,1,1,2,2-

af | uor o- Zentaflhgopthemzane; 1 1, btnifaforopyepeng; (f i,d;irtdﬂﬂsbﬂmptoppma)parlel,3-
et 11 uorBSeRaRb e 1208 R BFocy L7 SET PP enes 11,12
-t ri fl uortegafflotdpudpne,; 1171, ]23-?et1faﬁtltﬁraf3ﬂopﬁl{d§)cy01 Dbt tefgfluoropropane;
tetraf]| but 1,2,2,3- - 50

uo(raozzsc]I bidrishal u%r&rgpgge B3, 3uRrAlomprerane) bhadaniafluoropropane;

hex bl ameaeh gae; 1 111122§ tafl 1,1,1,3,3-

I uor ocycl oi)zﬂﬁglne 1 O%Hg}a - “héxaf Ipégraogglrgpmlgﬂ?eane

3,3,4 mebﬂmﬂonmpmcl,bbﬂtmtaﬂumm@mmm f 1,4.8s%0&pérgafBioropropane;

1] or e apenBednderpl b o B PO b B b RRr e

ropr Opéﬁﬁaﬂlﬁ),roplolih-nb;r I f | uar,ni,2.2;3 bl:lélﬁﬁlﬂhmrdpropane 1,1,1,2,3,3,3-

fluoro-|-bytene; 1, trlbluoro -

b
rifl uorhﬁpfa uOIBmO@ﬁ%% 121 A-ti IIQTP‘BIB'I'IS% 1L batt'éﬁ%orqb%anes- 1,1,3-

ro - -tﬁﬂaﬁﬂ@utané 1,144 HﬂJoIde&aqae, 193 zhﬂh@&%b&fanél 14zsf fiffloHi¥uPine;1
2,3 ,3- trifluoro - 1-butene; 2,3 ,4-trifl uofo?’ - but ene;

trifluorls3 triflyprelanienc; 32, 2§-tnﬁuon0butfanmorld,1 aiﬁjmﬂeﬂl@buiane 1,1,1,3-

4 4-trifl vor Qetrag)ﬂuopolﬁl?ag% 1 g,ﬂjet% ol'o {age 4 1 Pﬁnt r-il(i"l’uo1;]01:»1:1Ltj£u‘1% 3 132 3-

3-
I
121
xaf
, 2
uo
ri
0
e;

r
r

—_ -

-t
-1
-t

— —h -
o C

N TR RTRPP
o= -
A TNWTWRR

tet raf | uor o- ut ene; uoro ene

-tetrafl uoro- Itetbafmertﬂzmtailc:, i} B2,44etteéh1bﬁibhuﬂéo 1,1,13-{m:ﬁlanmbuthne 1,1,3,4-
144tetraf|uo butee -tetraf ro - - but ene;
1,2, 3, 4-tetraff rol’ufi‘f}?’e %t%tr u&fOPBIaP&fI x?of g-tatra@w@hgtan% 3,224

tetraf | uor o- keﬂﬂu@f&utaae, 3. 243 A-tbelfusfdbdRnh®- 1- DU 888 fluorobutane; 2,2,3,3-
1,4,4,4-tetrafl uoro- butene 2,3 3 ,4-tetrafluoro - 1- butene 2,3

4, 4-tetrafl udPtbaﬂuPTObBt?F&ne 1,512 24pentaflorabtaney o- 1,1,1,2, hpensaflrorabutane;
, 3,4, 4-tetraflup ,94ﬂentz}flld§)§;%tﬁtan§ , 4, 4’131 %?5 apd aﬁ utal:lle but ei‘? 3lg.

1,2,3,3 - penté uoro- eng; 1,1 pen uoré - ’bUf éne;
1,1, 2,4, 4- pergeataflu@obutade; - ﬂ),l]tleﬁl‘;épeﬂtaﬂljb,r&mtzﬁle 4- pl émhﬁémnihmrobﬁtane

-butene; 1,13 taf | uoro-
pent af | uor o- l%é e?f%ta pytang - 4. péﬁtuﬁag BLPSP@ﬂuori’butB’EFt’ ene; Llg4%

, 4, 4- pent af | uqfeﬁtaﬂﬁombmuﬁeene;l,lg,% ﬂeﬂaﬂud@@meﬁfel uof,92 313-pdHRIBES butans;
,3 ,4,4-p entafluoro- 1 -butene; 2,3 pent afl uoro- 1 -butene;

3.3 .4 4, 4 p ehtadrissrduonbpiangne. f12233hex?,ﬂumﬁ'@-)§%ﬁ% uor oL.1,1,2.2,4-
but en 1,1, 2,13xatfhofs %@” 'I'quol %,% ?e?%‘iﬁpcﬁ%t%‘e 1,2,3,4- hfxame{obutane

ut ene;
2,4, 4, 4- hexaf uor o- 1- buten ’xa IUbr’o’-
, 4, 4, 4- helxbi Ridot b@xaﬂuelbbutemfe 2, BL,]13,3,4héxafluolobutand; uor ok,1,1,3,4,4-
en
I

3,
tif ok s dpdntnd P PR aben e oo d i

, 3, 4,4, 4-1,1,2,2,3,4-hexafluorobutane; 1,1,2,2,4.4-hexafluorobutane; 1,1,2,3,3,4-

e

-l i

2,

- bu
pt

2

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-



heptafl uoro- 1 -butene; 1,1,1 -trifluoro -2-butene; 1,1
,2«trifluoro-2-butene; 1,1 ,3 - trifluoro-2-butene;
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c) separating said first liquid phase frorrcl said second |iquid phase
by decanting, gravity settling, liquid/liquid centrifugation, or a
conbi nation thereof, wherein said first |iquid phase conprises at
| east 60 wt % of sai d hydrofl uorocarbon diluent based on the total
wei ght of said hydrofluorocarbon diluent in said polymer slurry and
wherein said second |iquid phase corrpr5§ses at least 90 wt % of said
hydr ocar bon-rubber based on the total weight of said
hydr ocar bon-rubber in said polyner slurry. 27.The process of Caim
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hexa r obut aﬁmethgdpéntﬁn@ 424- dimzéﬁlfylpdﬁlﬁ@éwt 2p@ealimethylpentane, 3,3-dimethyl
1,2, 2,3, 3, 4- hexafl uorobut 3,3 -heptafl uor obut ane; 1
1, 1,2,2,4,4- sptas| udr %ﬁ’ﬁ‘ﬁ@tﬂn% et&yllze@ns 424914@%51 N
1,1, 1,2,

3,3 .ifinRR@RIRA{HOr Qah'ﬁé?'}?eptane, butane, ethane, methane, nonane, decane,

dodecane, undecane, hexane, methyl cyclohexane, cyclopropane, cyclobutane,
cyclopentane, methylcyclopentane, 1,1-dimethylcycopentane, cis-1,2-

dimethylcyclopentane, trans- 1,2-dimethylcyclopentane, trans-1,3-
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1, 1, 1,2,3 ,4,4- heptafluorobutane;
1,1,1,2,4,4, 4-hept af |l uorobutane; 1,1, 1 ,3,3 ,4,4- - 54 -

hept af | uor obut ane; oct af | uor obut ane; oct af | uor obut ane;
nonaf | uor obut ane; nethyl propane; nethyl propane;

1,1,1,2,2,3, 3, 4-oct af | uorobut ane; 1,1, 1, 2, 3, 3, 4, 4-oct af | uor obut ane;
1,1,1, 2,3, 4,4, 4-oct af | uor obut ane; -56-

1,1,1,2,2,3,4, 4, 4-nonaf l uorobutane; 1,1, 3-trifluoro-2-nethyl propane;
1,1, 3,3-tetrafl uoro-2-net hyl propane; 1,1,1,2,2,3,4, 4-

1,1,1,2,2, 4, 41cﬂmet:11ylje dlo n@anré 3e l%yclgxpell’ta]net rg c'ldlﬁg(ﬁie?' methylcyclohexane,
1,1,1,3-tetraf | uoro- Z ? | boro- 2-

benzene, toluene xylene ortho-xylene, para-xylene, meta-xylene, and

combinations thereof.

31.  The process of Claim 26, further comprising the steps of:
(d) removing said hydrofluorocarbon diluent from said first liquid phase, said
second liquid phase, or both; and
(e) providing at least a portion of the removed hydrofluorocarbon diluent to a

cationic polymerization process.

32.  The process of Claim 26, further comprising the steps of:
(d) removing said hydrocarbon solvent from said first liquid phase, said
second liquid phase, or both; and

(e) providing least a portion of the removed hydrofluorocarbon diluent to step

(a).

33.  The process of Claim 26, wherein said separating step further comprises raising or

lowering the temperature of said mixture.

34. A post-polymerization process for separating a hydrocarbon-rubber from a
polymer slurry having said hydrocarbon-rubber dispersed within a diluent, which
comprises the steps of:

(a) contacting said polymer slurry with a hydrocarbon solvent capable of
dissolving said hydrocarbon-rubber, to produce a first liquid phase and a
second liquid phase; and

(b) separating said first liquid phase from said second liquid phase,
wherein said diluent comprises a hydrofluorocarbon, said first liquid phase
comprises at least 60 wt% of said hydrofluorocarbon based on the total
weight of said hydrofluorocarbon in said polymer slurry, and said second
liquid phase comprises at least 90 wt% of the hydrocarbon-rubber based
on the total weight of said hydrocarbon-rubber in said polymer slurry.
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40.  The process of Claim 34, wherein said second liquid phase comprises greater than
95 wt% of said hydrocarbon-rubber based on the total weight of said
hydrocarbon-rubber in said polymer slurry.

41.  The process of Claim 34, wherein said hydrofluorocarbon is at least 20 wt% of

the total combined mass of said polymer slurry and said hydrocarbon solvent,

42,  The process of Claim 34, wherein said hydrocarbon solvent comprises a Cs to C;

alkane.
43.  The process of Claim 34, wherein said diluent further comprises methyl chloride.

44.  The process of Claim 34, wherein said hydrocarbon-rubber comprises polymer(s)
and/or co-polymer(s) of isobutylene, isoprene, para-methyl styrene, or a

combination thereof,
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e; 1, 1 hepafjuoge-2 r?é‘Fﬂnaffl uorlels 1% 4‘5‘&%1%9@1“0{0 bugeneg 4. lpl,1,2,4,4,4-
uor o- 11&?&%&&0 Hpikers; aﬁdﬂm&m‘%@ﬁ@f&owro' 1 - butene

, 4, 4-pent af | uoro- 1- but éne; 1, 2, 3, 3, 4- pent af | uor o- 1- but ene;

,4,4- pentafluoro- 1 -butene; 1,2,4,4,4-p entafluoro- 1-butene;
i& p e"lﬁtempmnmso of Claim- 64, whmeieneaié Bydrpdarderp sehveaf | aporpoises

é é&r afI uoro -1 -butene;
egé 1 d8Y'8 %rtf’tene 1, 1, 2, 3, 4, 4- hexaf | uor o- 1- but ene:
hexaf | uoro -1-butene; 1 2 3, 3 4. 4- hexaf | uor o- 1- but ene;

el hryedse of- CIEM eaewﬁeﬁnﬁszﬁd 4 dmb@dsaﬁ lsbRES- domkHsBd Bhear,
hept af | uor o- 1- but ene; 1, g 4- hept af l uoro- 1

-h

4-

3, bganched; OACY@ﬁ@f¢Wﬂ@EE Bl’lﬁ ene
, 4- hept af | uoro- 1 butene 1,1,1 -trifluoro-2-butene; 1,1, 2
2- tyl

% uorlgj% ?geeﬁegif éla m;4 %a(%)cII, gwﬁ&gbqn solvent is selected from the
i fl uor@e@ydwmemgoﬂ 1,1, 2 tetrafl uor o- 2- butene

-tetrafl uoro2- byt ene; 1114tetraf|u}(l)ro i(wgutene Jﬁ , 3

| uor o- 2rOREnSOYTANSy PENting: r hpxalir gueshylexclopentane, iso exane 2-
-tetr afdaémﬂpe@a&ut ?Hﬁ'ethﬂ émaheZ %&ﬁm@itméor Qz%lae&?m%tané 2,3-
-pentafluoro -2-b E_)L 4-pent af | uoro-2 ene;

, 4- pe rﬂllaf:llhmkbntan@ thmﬁbyihixalle,Z é-metbﬂhﬁmﬂpuor@tmlbmtme 2,2-

8 R R, U e, & £ANBNBE VRIS eSS,
4, 4, 4- hexafgenang- 2- %mbmymeﬂt,aﬁe 2, 3 efthﬂhe)daﬂa(,af |yHdonadhfideng; 2,24,-

i,i 3,4, 4-hept af |l uoro-2-butene; 1,1 2,4, 4 4-
txhlme%h Ipentane octane, %epfane butane ethane, methane, nonane, decane,
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cycl opent ane, net hyl cycl opent ane, 1, 1- di net hyl cycopent ane, ci s-1, 2-

di et hyl cycl opent ane, trans-1, 2-di net hyl cycl opentane, trans-1, 3-

di nmet hyl cycl opent ane, et hyl cycl opentane, cycl ohexane,

nmet hyl cycl ohexane, benzene, toluene, xylene, ortho-xylene,

par a- xyl ene, meta-xyl ene, and conbi nations thereof. 56. The process
of O aim 34, wherein said hydrocarbon®%3ol vent conprises an ultra | ow
benzene grade hexane, said ultra | ow benzene grade hexane consists
essenti al | yof am xt ur eof n- hexane, 2- net hyl pent ane, 3- net hyl pent ane,

met hyl cycl openiqaBgine ARRlcENR], HREXRNGnetlR - Iﬁﬁeﬁ%@,cgﬁ?oljﬂ(gpa%,ai:ﬁlvﬁﬂltane,
wherein said contacting step further pro uces a vdpor phase, erein
sai d vapor phawelopentpne, sesmsthildydopeneme,  1,1-dimethylcycopentane,  cis-1,2-
dimethylcyclopentane, trans-1,2-dimethylcyclopentane, trans-1,3-
dimethylcyclopentane, ethylcyclopentane, cyclohexane, methylcyclohexane,
benzene, toluene, xylene, ortho-xylene, para-xylene, meta-xylene, and

combinations thereof.

56.  The process of Claim 34, wherein said hydrocarbon solvent comprises an ultra
low benzene grade hexane, said ultra low benzene grade hexane consists
essentially of a mixture of n-hexane, 2-methylpentane,

3-methylpentane, methylcyclopentane, and cyclohexane.

57.  The process of Claim 34, wherein said contacting step further produces a vapor

phase, wherein said vapor phase comprises said diluent.



