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Laird Kevin B. Stavens Larry-1-. laccino Field of the
Invention This invention relates to recovery of

pol ymer from polynerization reactor effluent streans
usi ng fluorinated hydrocarbons. Background of the

|Q%ﬁﬂkh@@1ﬁﬂ$@kﬂfated nmononers, particularly olefin
mononers, are polynerized in a variety of

pdlilesRalymen Revopergddefbed using a wi de variety of
nononer feeds to nmake a polyneric product. The

pol yneri zation reaction can be carried out using a
WERMACIHLY of reactors, catalysts, and a w de

varr ety of nononer feeds. Oten, liquids, diluents or
solvents are used in these polynerization reaction
proce%ses for varjous.reasons such as to increase the
e

YRS oy of thd UPJHBRI zati on reaction and recovery
of pol yner produq&ﬂmﬁqjxﬁgkﬂgroduction at commerci a
scale typically results in the production of a polymer
product havi ng siRjohfrd Shntt anmounts of di ssol ved (or
sol ubi l'i zed) hydrqcarb terial such as unreacted
mononer, as wel | éi§a9§gg%ﬂg§ﬁ%§ s of |iquids,
sol vents, dil uentg,,qg@Balysds and ot her by-products
and/ or non-reactive conponents. The typical conmercia
pol ynmeri zat i onpr dessBsStasews for ol efi n pol yneri zati on
i ncl ude gas phase, slurry,phase, solution phase, and
bul k phase. Gas §ﬁ§§@46ﬂ¥yﬁbrizations are those where
the nononers are present, typically with a condensing

fluid such as pentane, as a fluidizing gas
Field of the Invention

This invention relates to recovery of polymer from polymerization reactor

effluent streams using fluorinated hydrocarbons.

Background of the Invention

Unsaturated monomers, particularly olefin monomers, are polymerized in a
variety of polymerization processes using a wide variety of monomer feeds to
make a polymeric product. The polymerization reaction can be carried out using a
wide variety of reactors, catalysts, and a wide variety of monomer feeds. Often,
liquids, diluents or solvents are used in these polymerization reaction processes for
various reasons such as to increase the efficiency of the polymerization reaction
and recovery of polymer product. Polymer production at commercial scale
typically results in the production of a polymer product having significant amounts
of dissolved (or solubilized) hydrocarbon material such as unreacted monomer, as
well as various levels of liquids, solvents, diluents, catalysts and other by-products

and/or non-reactive components. The typical commercial polymerization
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supported on silica, to formsolid particles of
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typically be treated or other se processed to renove

unr eact ed nononers, condensing |liquids, etc.

Simlarly, slurry phase polynerizations also tend to

take place in the presence of a diluent. In slurry

pf‘ﬁﬂ‘é@es%' WA FirpdéfirDpslymétietion irdhydet gaspliasey slomy phast, dobution

soluble in the diluent (and may or may npot be

suppes.vad pulknhese. Haspienpelymgpzations greithoseavhess teympnomers

the diluent.. the mo S t al
e B i RS BB SR i in e
PhaRiure 6dritdled Withd cafulydt §yRein, tRRcAly supRdrtadroncsilial &t fofm
out of the diluent. The pol yner/diluent conbination
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be polynerized is used as the diluent. Thus when the

poplgeeein thopreseran df pdiduinsi Inslemy phase pelyierigatians, thefoatalyst

amount of unr.eac mononer lubilized in.the
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be treated or processes to renove unreacted nononers,

di ¢atedyt systerh polyFiandbinys, andisepavatas dwrintorraethepplsesOfsn it is
unl i, s apd slurry, phas ogesses, . th ol r.is
I AT M e O e

dr iﬁé’tg)nc{falsa cSRddHhE 0uRPY SEMER A5thBFawnl froth $heh&@Br and steps
subjected to several conplicated treatnents or

pr are egker o beparaterthegolymeer Sminy thetresidiml emabmdrsydiiams; stc.
and the like, Wth respect, to solutio hase roce?ses.
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CORtAL NI lifierf?© lT}iH?\R/heﬁfﬁLe \f)?prg}ﬁrt SURA$RCSRfhtes, there is

conponents typically passes e pol yneri zation

I e@ftdnod fairaangoudnt 0f sireagedsondmer sotubilived in fielppiyuecr. As a

sol vent and unreacted nononer are separated, In the

C OUNSRAUSACE,: MAICH [Gsg POLYBICY BPROmAHCAIRRIBSRANS G HHifgiaTom ey

P Q8loReR igxgd HePRYRD: LE ARG RRloNERLIAAEY g{bge' ftiffuents,

olynmer can orne ef or

20 batte. Fihaiy Sepalébe ghaselpyesetsesnohlife pavaid shurey pese processes,
typically recycled to the pol ynerization i
r ethe polynss pasoithle i the aeache ey f Thuse When pelymenisdhiapa out

fr S ssolflgt{]onaphry.sé(lteldgtgr, 9 is often subjected to several complicated treatments
or processes to remove the solvent, unreacted monomers, and the like. With
respect to solution phase processes in particular, the polymerization reaction

25  mixture containing the polymer, solvent, and unreacted components typically

passes from the polymerization reactor to a finishing section in which polymer,
solvent and unreacted monomer are separated. In the course of finishing, solvent
and unreacted monomer are progressively removed from the polymerization
mixture until the polymer can be formed into a solid pellet or bale. The separated

30 solvent and monomer are then typically recycled to the polymerization reactor.
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typically involves passing t#e polyner product

wi t hdrawn fromthe pol ynmerization reactor into purge
bins, with nitrogen typically introduced into the
purge bin to renove the undesirable materials fromthe
pol yneise dnd r€coveendi theablyner ploduct from gech amdxture of
undesirable material are vented_or sent to.a f/|ar
s%ibgm@ﬁiil@és (&-sntiBteacted moaamerehBicll s VARl levels %‘ir-kﬂ}’é =

t e cofpanent s 1 ' [ rough
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P@ B tidnallRthé AMRESRAI difietifdbld MaRfiyl £46 WBRES bAsent to a flare
pol ynmeri zati'on process. For exanple, devolatilizing

t Isgsternlay arwasferstivamh Other mactheds thyerseoeethesstoonmensys iwhide

be very_energyintensi ve because the sqglvent can

mP@ﬁSll thg any\%%/aé ﬂiro%srb?eq{l 1a§31ieﬁﬁuir%¥]eslsﬁ s AL Progre s1veli§ 1%er

S ?Jlr R0 PRd WRE El?e@&ir@ BaREPHE TR Bcted ihoRRrs, Bélvents, diluents,
production of ethyl ene/ propyl ene copol yners, the cost

ofantl ltheslileatp alestrb dront the|palypeer ap a nygxadgassireamnewhichghn be
product cost, Hence, jpproyenents.in the polyner
r&%%Pgffﬂnbg’@s@S@gﬁ’i“ii%@ﬁﬁyfeSy@ﬁ%s_t antial savings in

the tot@l,Bod ¢ tsofRals: arfdCinfrbit@ed nidnBie ffR YR POlytiERls an
solution'to separate 1nto two liquid equilibrium
phiapegamif faetes AN aay t @mmaeiciak podyserizatios t piopgsisng.Foa example,

m sci bl.e pol ti i ]| te.int

ooy e HepmasBt ARl (e PARLPY TETR SCEBIAHP.ae VERy enerey-
PRARGsibd b@ca}i?ﬁl‘@ﬂe Bl e bd SMEGALLO S WM 9 oPIRSUtRN. In
change results 1'n the system crossing the upper or

| @agthinCr doluitival  Salimedizaiohoyndeessesy egichn @&s theovprodurtion  of
the isopleth (phase transition qga ran1?
£t ﬁg

s efarlencirsppylenccemebtare dhngost RE hin BsaE O_hrfg?lglr 5 5 T e of
COPRChsh A TS s i LIRS by proces
t eJPRRY RAdfesdBEnt4lisalings irpthe setdl prodbicttdost. skdrviegta single-phase
mp)i)tlylrjnrlg solution to separate into two liquid equilibrium phases offers an
alternative to steam stripping. A miscible polymer solution will separate into a
polymer-rich phase and a polymer lean (solvent-rich) phase if a combination of
temperature and/or pressure change results in the system crossing the upper or
lower critical solution boundary region as shown on the isopleth (phase transition
diagram.). The phase separation is controlled by the chemical nature of the
components, their molecular sizes (especially the molecular weight of the
polymer), and the critical temperature and critical pressure of the solvent mixture.
The phase separation is encouraged by higher temperature and/or lower pressure in

some systems and by higher pressure in others. Appropriate selection of

polymerization solvent, monomer conversion, especially of the volatile monomers,
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pol ymeri zati on sol vent, nmonomé+r conversion, especially

of the volatile nononers, tenperatures, and pressures

is required to induce phase separation. Sone articles

expl ai ning the general principles are: "A | ow energy
Sokempatatbey and pressurdbisireghiteddy ilducGphfast sopakiioret Sethe articles

Pol yrer. Engi neering; ."Sol ve " by C A lrani et "
i reXPlining (heogensish PrBeipiss m&gﬁgﬁwf‘éﬁw S@éYené ,eparatlonamthod,

1 189 a1 [ Wit I N i :
SSRET A8 RulATREL o, OBRLE R 08 S5l TR0, Sy €7 bl i
Vel | fc Abpliedl @8bmel 8Sci€ibdé- V6BG], '1€79-189%I(1986)artBesarating
and Phase Separation Kinetics..,," by Hajinme Tanaka in_ .
JRelymEr Splutiersivish Sergsriticel1Byidsy) bpg¥ark) A. MdgHugh et al in
5 - 5337:," t ' aned, - .
e R e R

. Kaetied. .. 2l by HajiMeCT-maRd @t ldiesal I AChendidal BBSids 29887) Apr. 1,
For nost solution processes, there is significant

di Y99 AT23- 1538 e ShortHehain Beanchmeddlivet on dhe Cloud Point Pressures
t t d h it Lt
PRy sorBRinet ERohpls. 3 Frabylf o EBopRAQGS 38, 31,

nepgseysg. to heat the reactor effluent to the critical
tenperature or above to achieve phase separation. This
extra sFapnosteelitienprmdeises, dies issegnificrahdiffceange hefingen the

ener consunptjon as well. as operatjonal. complexity, .

e gom SRR P e R Al gRlp i SORafbhs equired
t ef¥p Bhatk WbRSatiohN UheldforeSit teSitdnateb &sirg tOheAM kittereActbPEBuent to
efficient polymer recovery system This invention

pribe icdteal senperitnysrasaboveiol aghisve phase venayationt Adds ¢xyra step
anpng ot her . t hj i ng, fl bon in th

prigde tditpnal e, S8 mereApg ey SOt AR Mot
al operfionsl QFiedtyPERLASS poBmdr rd%gtaaﬁgmrﬁ%@ highkr feffperdtes.

to 'be vented or purged from a polyner nmanufacturing
oper at i Bmsusisnigsisabldogrositie p ngep effidnbpolymehrecouery sisten.

t echni que .i ncl udes condensat.i on, flash evaporati on and

e bF ST ROHIE B R GTIPERGd SORARS £50ONT Taiagq B, among other
et : S0 i ' . Patent No.
wag’g%ng?%gﬁ%ér et lgﬁ%wg?ieg?ggbggggsspol ypropyl ene

manuf act1¥. PagniiNe.cy369,92valGattschlict et alslisvdpsas gasocess for

treating material that is to be vented or purged from a polymer manufacturing

operation using a three step separation technique. The technique includes
condensation, flash evaporation and membrane separation to remove components
such as ethylene, propylene and nitrogen. U.S. Patent No. 6,271,919 (Baker et al.)
discloses a polypropylene manufacturing process that includes using a gas
separation membrane to separate propylene from propane in a reactor vent stream.
The separated propylene is circulated back to the polymerization reactor as feed.
Fluorinated hydrocarbons have been previously used in polymerization
- processes including:
US Patent 3,470,143 discloses a process to produce a boiling-xylene

soluble polymer in a slurry using certain fluorinated organic carbon compounds.
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Fl uori nat ed hydrocarbons haveSbeen previously used in
pol ymeri zati on processes including: US Patent

3,470, 143 di scloses a process to produce a

boi | i ng- xyl ene sol uble polyner in a slurry using

cer t ai nUBSIRatsnit 8806350 d3aloses acgasiphasequogmssingdsg Aidghdravdtta
5,990, 251 di scl gses a gas, phase, process using a

Zi el sygepaneditied yih adplogenaterbldrecagbags sughas chloroform.
hal oge . a r r EP 9
320 A2 B Sei o580 B Bkes SRRSO B ahortFsof ot Huch

S odsViRidgenated Bhdrasarbédsogenat ed hydrocar bons. US
5, 780, 565 di scl oses di spersion pol ynerizations of

pol ar nBERMER0s5aFrtHsclosssdisperaionbelyHarizations od pplab Onemers

et e e QUL e

pefhidume IRad B&lAg Bdrbén HioXiddl £hydiefleabearbln, 2. peAthoBddrbon or a
di scl oses the pol yneri zation using "constrained

gearstreythereefal conpl exes" of titanium and zirconi um

or cpar SU POy BB b s TR By Abas e ebfeny

f 1 Mefal PhSEx &0 oY Bdhfim MRl Hirdodftn13 di scl oses use of
hydr of | uor ocar bons as catal yst nodifiers. US 4,950, 724

di scl osESIHEB 48y 812,64 309randfUS 2,448,445 diselosepieparetien ef

in s si.on polynerization, usi | uori nat ed

alnli’lﬁﬁugﬁlg ef&?%eaﬁ?%gfe%f&b‘bﬂﬁwaﬁf%og‘% 4794 di scl oses

free r a@'s“@?é34%1'3Yd1ﬂ6s€§hée%lﬁlfﬂfbfﬁ1§fdcﬁfbﬁns as catalyst modifiers.
hydr of | uorocar bons. WO 02/04120 di scl oses a fluorous
bi - phasUS 496 BralisclBe Gy 9 gmerdzatiion of yswbaromatic monomers in

pol ymer i zati on of .i sohutyl ene using f.luorinated
e R s SR S5 YerdnihaitaliepRgnB otipounds.

per ! o R A A RO A B SR
of helrbffhcroeartadns.

WO 02/04120 discloses a fluorous bi-phasic systems.

WO 02/059161 discloses polymerization of isobutylene using fluorinated
co-initiators.

EP 1 323 746 shows loading of biscyclopentadienyl catalyst onto a silica
support in perfluorooctane and thereafter the prepolymerization of ethylene at
room temperature.

US 3,056,771 discloses polymerization of ethylene usingTiCLy/(Et)sAl in a
mixture of heptane and perfluoromethylcyclohexane, presumably at room
temperature, further a mixture of 30% perfluoromethylcyclohexane in heptane was
used to cause the polymer in the slurry to float.

Additional references of interest include:

Designing Solvent Solutions, Chemical and Engineering News, October 13, 2004
(www.CEN-online.org); Polymer Synthesis Using Hydrofluorocarbon Solvents.,
Wood, Colin, et al. Macromolecules, Vol. 35, Number 18, pages 6743-6746,



roomtenperature. US 3,056, 771 di scl oses

pol yneri zati on of ethylene USIi HgTi O 4Z(Et)3A in a
worRoob00®50f hept ane and perfl uor onet hyl cycl oheRer®©s2005/021654

presumably at room tenperatur6; further a mixture of

30% perfl uoronet hyl cycl ohexane in heptane was used to

cause the polyner in the slurry to float. Additional

references of interest include: Designing Sol vent

S02002; dresfludzirarddcRdlyeings Eiﬁ@ha%ﬁnbbiﬁsdtbmf Hoviagereout Nickel

2004 (www, CEN-online.orqg); Poly C(S%qqt he s Usj nIg

Hy €718 GoKé’éfbrWo?F aéom%ﬁ?fl@fM e?h%ﬂllca 139 (1999)

-‘@4mﬁ6¥er O’ég??ér?gtﬂg%r Pol yet (ﬁ%g(rfgﬁf or’ t he

| musRo02/6682200 AQf USO3BYEIERRD UFS 3}144:03219 das &l M91052; W8I m
W et al., Jour naI of Mol ecul ar Catal ysis A: Chem cal
5 156.789.806)U8 3703 384 666,265 USSAGBHTS649RDEE, US

3, #0815 V818247 WS SRR T agise I g8 st vo

USyB 066855281 0S8, 133,608, 109 3,006/820.499 6984,428808 63007, 4830US
US 5,182, 342; US 2,603,626; US 2,494, 585: US
2, 4.931,673:; U 939/508:169 5,980,;50U3U8 51634,933pUS(3:372,198; US

D800 S0 5 488 S0 7o7i:08 S Rpm Ds bt U s
10 5 §§§25’k98js 556589519 50663,955; ?u§8$5§$®0 U§55;78®?>59@§
688,838; US 5, 668, 251; 250:

5 6,659 235,U%5,28] 80; US5; 13@89& 1'382 15)@0)47LES§ QBM@OEJS

5. 4480805 US4 12560308 4.1 0020 U oRe I s Aoz agago v
USUé 2088/04 2 P664\51,AT9 38098183455 A0 0%/ Hb3RAR 4 Al A1USS

2002/0151664 Al"; 'US 2002/ 0183457  Al'; US 2002/ 0183471
Al 20033@0083 MZU@]Z@ONOOIIBO?@DM&@Q@]EZ@EISAM Als US

15 200 BB3 ads s RE 1 Susaualp bt AghR™ "
2003 0BRSS s209EA 0 o
3, BS10822086IMHEIA KA3S 36MR/012843] AA8S54269.5723 TN 3IPRE22; US
5. bS48 U 3858 08 300028 W s/ b [ ias e s
US3,787,379, US 3,919,183; US 3,996,281; US 4,194,073; US 4,338,237; US
20  4,381,387; US 4,424,324; US 4,435, 553; US 4,452,960; US 4,499,249; US
4,508,881; US 4,535,136; US 4,588,796; US 4,626,608; US4,736,004; US
4,900,777; US 4,946,936; US 4,948,844; W0O00/50209; WO/ 96/24625; WO
94/17109; WO 0149760 Al; WO 01/49758 Al; WO 01/49757;, WO 00/53682;
WO 00/47641; US 6,486,280 B1; US 6,469,185 B1; US 6,469,116 B2; US
25 6,455,650 B1; US 6,448,368 B1; US 6, 423,798 B2; EP 0 076 511 B1; EP 0 271
243 B1; US 6,417,314 B1; US 6,399,729 B1; US 6,380,351 B1; US 6,372,838 B1;
US 6,346,587 B1; US 6,337,373 B1; US 6,335,408 B1; US 6,306,989 B1; US
6,228,963 B1; US 6,225,367 B1; JP 7033821 B published April 12, 1995; JP
11349606 A published December 21, 1999; and JP 61007307 published January

30 14, 1986.



4,381, 387; US 4,424,324; US 4,435, 553; US 4,452, 960;
US 4, 499, 249; US 4, 508, 881; US 4,535, 136; US
wa 288809996, US 4, 626, 608; US4, 736, 004; US 4, 90RCTVIF2008)R1654
4,946, 936; US 4,948, 844; WO00//50209; WO 96/ 24625; WO
94/ 17109; WO 0149760 Al; WO 01/49758 Al; WO 01/ 49757,
WO 00/ 53682; WO 00/47641; US 6, 486,280 Bl; US
6, 469, 185 Bl ; US 6,469,116 B2; US 6, 455,650 Bl; US
6, 2uiBmafBeofBhe IrivBntion. 423, 798 B2; EP 0 076 511 Bl; EP O
271 243 Bl; US 6,417,314 Bl; US 6,399,729 Bl; US
6, 380,351 Bl; US 6,372,838 BI; US 6, 346, 587 Bl ;

US
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1999; and, JP 61007307 publ.ished January, 14,
5 196 inyentiopprovidesan impyevedinashodrier senapdimgobanerdiom ag

to t " . . .
e e
pr fle@scarbon paht efflikatto chlldeDolyive piréciitation \uhdes toaform a

i mproved net hod for separating polynmer from an

ef Polyagt rich phaserird pelyarer leamphase foroiusther separation

react or ~C.QERLL. S i.n I

ef fl ue n?ﬁlg gIR{:e gﬁélg 915(?;‘ ?éj%rtggtogdrggg ?e%% ? é@?gﬁﬂ%kﬁ}%&r{%@oanf orm
10 a ol veBFatioh eéaciitasueab o/ith afRloyifBled hoddcabas end Bereafter

further separation. This invention also relates to a

priseewsing oI polyigere whergdhe Ayoramnetqsidiygdroearboatis present at 5

reagtor .ef fduent W, a.fluori nated hydragarbon d
! REfikRp oKlo 94 e lbmbioh B bR s DR e S R SFRIRE Ah e
f | Bedridaeddas drcdien sdddoshdrs t}iér@?;&ﬁlérizaﬁoﬁisvaoédﬁﬁﬁu%st o 99
vol une % based upon the volune of the effluent and the

f | p@dymerazasian lof df loasi 76 ornle Snelfl hyidegcarhonangnsinyars hiasest upon the
i's continuous polyneri.zati on of at |east 75 nole %

15 oftof@moé%saqqu% oﬁ%ﬁg%lf@?%t,m JE¥Wpon the total moles of
nonomer present in the reactor. Definitions For

purposes of this invention and the clains thereto, the

t eDefimitiged yner s means any pol ymer conprising two or
nore Mononers.

For purposes of this invention and the claims thereto, the term copolymers
20  means any polymer comprising two or more monomers.

For the purposes of this invention and the claims thereto when a polymer is
referred to as comprising a monomer, the olefin present in the polymer is the
polymerized form of the monomer. Likewise when catalyst components are
described as comprising neutral stable forms of the components, it is well

25  understood by one of ordinary skill in the art, that the active form of the
component is the form that reacts with the monomers to produce polymers. In
addition, a reactor is any container(s) in which a chemical reaction occurs.

As used herein, the new notation numbering scheme for the Periodic Table
Groups are used as set out in CHEMICAL AND ENGINEERING NEWS, 63(5), 27

30  (1985).
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pol yneri zed form of the nonor®r. Likew se when

cat al yst conponents are descri bed as conpri sing

neutral stable forns of the conponents, it is well
understood by one of ordinary skill in the art, that .
t he actAyeseflderimgMé kenahyipoBenhd By drbeerfianyibutyiaiPr and Pr
reacts with the nononmers to produce polyners, hi

aciie tsopiepyla Gydnexcinhexyl, apd Pl sithsnyler (s) "in which a

chemical reactio _ i -
notatig%nﬁﬂﬁﬁg%ﬁ éﬁéc éﬁ%“ﬁ%?gﬁﬁglgﬁ$§%%F?£ Zg?@*ﬁomﬁmw
GRVRE A7 S s BktsndRE teddtpol yindPrEiMs@Alombbyifbis Mg Ncor

NEWS, 63(5), 27 (1985).As used herein, Me is nethyl,
t -1Boreanet uBLs.aAanerds tefaned a5 gtupit ofiapoligemeriqeypodyraer that

i opy! |, i hexyl d Ph js phenyl. F
oY s ethendeib b B Rer e th 1 oR g BE, <
t GotRARPStibh %@ti&ﬁ\@&%xam?ﬁ, R Ime#if b5 lyathglchb &0kl b8 ethylene.

pol ynmer refers to conpositions having 76 or nore ner
units. A ner is defined as a unit of an oligoner or

p mer hat. originally corresponded to the nononer(s)

uié—%ma' 1Mo oner i zati on or pol ynerization

reacti on. For exanple, the ner of polyethyl ene would

be ethylene. Detailed Description In one aspect this

i nvent i lorone esmcetistiovertioncdatee pt theleancept thet weninsged

hydr.ocarbons, (. ECs"). can. be used to inprove post

pOIFREATOERE [ 517 btk U7 RCBbEets PO WIS ERom arde

I Q5r0VdsEes ﬁ@ﬂldﬂ‘%l POIRherREQRRRSAAGolnerRRbdeb k. 2 particular
ydrocar

f1'uori nated h bons can be used to i nprove
p dilyorimiated daydnoearpotmy/canrherused togingpeper milyroer refovelyeby improving
pol yner, fr&gthe ot her reacti on conponents, such as

urfeBHatROHYR BRFCT G, b Oler FRapRIHEUIRERGISHICH A Borepgied
p%&;la raborhdhis dhﬁéﬂ%ﬂﬁc?eﬂeﬁiﬁé.at es to a process to

devo iTTze a polymerization reactor effluent
conpr i sinfpgrtivalr #ds inventidrereitdsl ta amproassd fo devodlatibzé mat ed

hydrocarbon. This invention also relates tQ a pr.ocess
t POl EHeEraLIaR Ea6IPE PEIUCBICIRPIEMEAPHEHNS gﬁ eéﬁuqné ngE%@r
efifldo%%g{ed%glm%rﬁbﬂgTﬁﬁ HhAntibRg1sh Plates to a process to reduce

agglomeration in a polymerization reactor effluent comprising contacting the

effluent with a fluorinated hydrocarbon. This invention also relates to a process to
reduce accumulation of polymer on surfaces of processing equipment from a
polymerization reactor effluent comprising contacting the effluent with a
fluorinated hydrocarbon. This invention also relates to a process to precipitate
polymer from a polymerization reactor effluent comprising contacting the effluent
with a fluorinated hydrocarbon. This invention also relates to a process to
separate polymer from a polymerization reactor effluent comprising contacting the
effluent with a fluorinated hydrocarbon.

These methods can be practiced on the reactor effluent of any olefin
polymerization system, regardless of whether or not fluorinated hydrocarbon(s) are

used in the polymerization medium itself. In one embodiment the polymerization



effluent with a fluorinated hydrocarbon. This
invention also relates to a process to reduce
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equi pment from a pol yneri zati-n reactor effl uent
conprising contacting the effluent wwth a fluorinated
hydr ocarbon. This invention also relates to a process
to precipitate polyner froma polynerization reactor
effrbesnis watited withot T presdnnand the ReT fsladéed tovth¢ h a
fluorinated hydrocarbon. This . inventign also relates

t dooAviperératien etfilentatiar ecpqhansriAstion Feagtian hes siorpedAithehiyst

r r flye | SLD ' -
B R PSR S AN S et
prptith&reshtion ptdeess'ie asiducted ih theairtseate eMfucd@iton and
pol yneri zati on system regardl ess of whether or not

itional Beprageibac@riticipey bathe sage@r diffarend from the first

fl

pol yneri.zati.on | Jm e ' th
Do SE iSRSt L8 roly i e RN B e oan
angblyhariZatioh $eadAGieHast itk theROAdtdEind Z biterthe bblytrftzation

after the polynerization reaction has stopped, either
j usactivafhas stoppéd: i Ingnether embasimentghe pelymerigationipiereshis

ropieed s IR et R e a2 e R RSP e pe be
angle 3sdl bi @ifRlend)is fdRAAS BRIDAWHESIALER YeabRr eiTRiIcAEIE Hoffore

different fromthe first fluorocarbon) is added to the
podxytmeg the agdctom. r eact or ef fluent after the

I i zat i tl. ited, th d
D tor Uhe BeRpRbFRDat FERD Ao b b ohes s pnann B '
g mﬂgéﬁﬁ%ﬁ dFRAE att1h8 SDIKIRE ¥Z BEdfQELIRI5A6 ©9Soltine %, based

ted wth fluorocarbon present and additi onal
f lypondbavdome Ofithieotiflneny abé thefbiosenabony preidritdy et fludrecarbons

added to th 0 rizati on.reacto ffluent, just
etepissatiar L 0 Elhin T rorel R O lo SLANEEE e BRE AEsterebly
t I S i o i i .
o1 2o L4 30 SEREROASBIPRERRFR0 Lo M L TR ipdseof tis

v aihuertiotant alsedainpdherttogolyherivation rdabier efffuentemeanaige mixture

the fluorqcarbon, preferaply the fluorocarbons are
prefsurracted mepomergsolysit(fies) arpcf eelgmgisiRodised gxifge the
v : eferably at 25 to 50 volune % nore
p?%#@%‘%?aﬁlg%&f@%o vol une % For purposes of this
I nvent i Dife BOdk typiealdy mjorsediihterthe offlmehystienmzdier exiting the

reactor effl|luent neans the m xture . .
reactor and prior to the first treatment vessel, however it is not required. The FC

may be introduced anywhere along the recovery process, such as after the first
flash vessel, after a distillation column, etc. Most polymer recovery processes
involve the use of one or more settling tanks and or flash tanks and or purge
vessels. Settling tanks are typically employed in slurry production processes.

They are enclosed vessels that allow the polymer granules time to "settle" to the
bottom while allowing the lighter elements (such as the unreacted monomers) time
to rise to the top and be drawn off. Introduction of FC into the reactor
polymerization effluent prior to introduction into a settling tank will have the
benefits of reducing unwanted agglomeration of the granular polymer particles and

reducing (or eliminating) accumulation of polymer on the internal surfaces of the



of unreacted nononers, solvent/diluent, and pol yners

produced exiting the polynerization reactor. The FCis
WO y@coed95y i njected into the effluent stream aPCEDS2005/021654

exiting the reactor and priorl@o the first treatnent

vessel, however it is not required. The FC may be

i ntroduced anywhere al ong the recovery process, such

as after the first flash vessel, after a distillation

C Oseittiing taaikcand Mitisdr ppovkysingy equipmoant focated aloesistesant of/ihk seitling

the use of one or nore settling tankﬁ and or flash .

t atork. Brederably the K is/bermehly najged withdhe magter pelymerization

tygfiﬂﬁglltl y enployed in slurry production processes.

They are encl osed vessels that allow the pol yner

gr anul egikewige, inrode@iohlof FQ directig irho tiseviing Yahle (saparavelyfiom

the lighter elenents (such as the unreacted nononers) .

5 t i ¥he reastoricfRuent) willhaye ghesreaetis of radueing ynwanind agglasardion of

R A

bepsi{intsowiheigEhal fftfideyGthe sktaingake matiecablpihe kheing tank
granul ar polynmer particles and reducing (or

el hasisuffidiendly geod intamat agitation topsisyigegood miking af ithedfavith the
sur f aces..of tth setltl i ng tank and ot her processing
eqF? USR8 downst ream of the settling tank.

10 Pref er aRlfyash %k"_i%)fés&@%s@élgﬂit}{s Heuad sihjbdt thdRadteact or
pol ynmeri zation effluent. Likew se, introduction of FC
di pedgmesizationcfuenbto 4 fapiyl nragskre(drep ty eaust thefrelgagetdd he lighter
reactor effluent) . will ha the benefits, pf reducin
R SR L BmE Sty SO b RE Dolyer
Pagblifdte ThRRAAAIRMHE boEmORTy Bipl&yeadh an g?pe% B?Polymer production
accurul ati on of polymer on the internal surtaCes of
t hprosesséd, invipdimnidurrRrgas phasb) andisobitiost Dhtreviyctioméd Famto the

15 1 SenFigr BT ARt HaoT B Sk o i e Raf proxide
f th\%%eﬁ&ﬁi&f leRhACEE S RNYESEBRE fiblitbrobss UTRE efRiiePisGhanced

the reactor polynerization effluent to a rapid
presauweghe HFY ihdudza aphadetsepareti@pimdhofeattioe efflught material. The

C OBl et lsn Do Sipisiibe By DRnSE Bepaet9Bas Rioraieasiyy Beshied (or
Cov%%ﬁ&y@%ﬂmeofga%g k. ?ﬂ] LadikRE ShOHFe U ¥ FEiku R Rt dr¥im
proce u

sses, inc ing slurry, ‘'gas phase, and sol ution.
20 | nformdtiet dwtheGhtefr@l suifaced dfthe flash tank. Film formation can be a

significant problem in the commercial production of relatively low density (low
crystallinity) polymer products. Preferably the HFC is well mixed with the reactor
effluent stream prior to its introduction to the flash tank.
Likewise, introduction of FC directly into a flash tank (separately from the
25  reactor effluent) will provide the benefits of enhanced efficiency of the flash
process and reduced rates of film formation on the internal surfaces of the flash
tank. Preferably the FC is introduced into the flash tank in a manner that ensures
relatively good mixing with the reactor effluent material. The mixing can be
accomplished by introducing the FC into the bottom of the flash tank so that it
30  passes upward through the polymer product.



reactor polynerization effluent prior to introduction
into a flash tank will provide the benefit of enhanced
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enhanced because the HFC i ndudes a phase separation in
the reactor effluent material. The polynmer |ean phase
created by the phase separation is nore easily flashed
(or vaporized) in the flash tank. In addition, the HFC
can r edApardehesdebiser refativelyiow presmire @assehwhdre tlhmteecrtmal
surfaces of the flash tank. Filmformation can

siRpAymerization pHBISTEimexposeA & naihes et AYpigal b’d&@?geélnth@? 1s passed

or bk he'ssh i SRR, bl orEi it NBUE, doldobnR iftfed,

r ea6hctheredifen®Nsol®éts 268, duit @ftHeS)ol}InSerl Pluf@OksddlOate t O
the fl ash tank. Li kewi se, introduction of FC directly .

i romraorly geiploygd K g@é&aﬁseasl@ny apd ether feartielg dergy” processes in
f f de, the be i
Efwﬁsﬁﬂ#a?‘“%?e RERBEE A RE0E o PR S gy
f i peminbaH1ERS the gllown% ﬁhne%_ Cgh%ehnﬂidu&wﬁmlmé tHelt@adtdrash
y

tank. Prefera is introduced into the flash

t aroltyrerizatiom pfflient priar te infinduetionsintet 3 sy vesselavil hava ghe

nctelai TGRRHE the AESrni Rt Reidh By R ff
t holh@shisad g)aéianﬁﬁﬁpdﬁanp@ﬁé%wﬁwmgﬁ MHoRieahir Wamht

pol ymer produc purge vessel is a relatively | ow
pressmomerssnisk hs hihexenctdrd -oateretthat apoéyployédziatthoreaction

ffl d
i RPSe s ereoselindhe plShe dheiRe R ilenia auight
anGni ALERS drb fndw BN & h1%9%81%1%[24 i# tﬁ@ﬁsl?ﬁeﬁ ﬁ@dﬂ& NBI¥Efesorb

di luents, solvents, etc.) out of the polyner. Purge
Y elshaakfdyalrowl}z foonothe }orc&hlpt dyemtasing Gasatpled desorgtianrfrgm dred

" ersmduliedt prodtst wiChRare b6 PRl AE ey b bion
%r@& Vahy th@%??%%lcg tHGQOfaE EordckMdh oF E‘fsﬂﬁlag Bydrocarbons in the

UCtIOﬂ 0] Into the reactor ymerizati on

,efIfrbdmmt prior to introduction into a purge vessel

will have the benefit of_ingreasjng the rate

;
desor pthibavise. ipedustian oktidreahnEi? PrigkvEse] G?ﬁ?ﬂ%}ele/ from
h{hg {;éﬁlfs’m? §Hﬁ1‘éhﬂ Lodif hh{)@&lretbgﬂéﬁt%ﬁ{héag %tthé/ £y oihdeg&‘ptlon of

ar wel conmononers suc hexene or
1-resitied Ghyﬂﬂ@aﬁrbaﬁﬁfrexﬁph@ymduétn [ thés ¢agaovitloRCHnwaRssd directly

ﬁgﬂ%&%&é Q\ésg%lﬁﬁ r1sa It)r%fderrleg tltlalg ?heplgcl )1/s wel] mu-irelgiev%q?h P}{eg})l?l?élng gas
flowing through the polymer product. Preferably, the mixing is accomplished by
introducing the FC into the bottom of the vessel (along with the purging gas) so
that it passes upward through the polymer product.

Particular fluorinated hydrocarbons for particular process will typically be
chosen on the basis of their ability to influence precipitation, at specific
temperature and pressure conditions, of the polymer being produced.

Preferred fluorinated hydrocarbons for use in this invention include
perfluorocarbon ("PFC" or "PFC's") or a hydrofluorocarbon ("HFC" or "HFC's"),

collectively referred to as "fluorinated hydrocarbons" or "fluorocarbons" ("FC" or

"FC's"). Fluorocarbons are defined to be compounds consisting essentially of at



conononers are known to be highly soluble in the
pol ynmer product, and desorb relatively slowy fromthe
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granul ar resin product wll i¥prove the overall
efficiency of the desorption process and thereby

reduce the total concentration of residual

hydrocarbons in the product. Likew se, introduction of
FQedstoae tarbon atom andoicpst aesthmiring atna raat eb‘gioriaib'mwmgen
reactor effluent) wil] have the benefit of crearn

t h&oREY e AoererBrasbemblt aoqompé’gpg Gensisting rea?@arl itom

%doﬁl?o%%tatoxﬁ T} Aluded 6t eﬁéﬂ;@i& Tifeal ﬂrtah Hctﬁ‘éy@g B¢ ¥y

a purge \iesse It rred

vvelbérﬂrrmemiaxmt A lﬁ)hﬂomtrrgctamgorglae cbh@mmtgcdﬂsrsang bssteﬂteally of
pol ynmer product. Prefer abq{y the mxin
B¢

acesbes, apeer i hydregsau & dn%CF:elthﬁegh@q%emrew@%hwhe
t he vess hr; g with the purging gas) so that it
pafosmylagy hmcheggin xhgaptitsgee fropr bipuA), altgraativetyfram 1 to

fluorinated hydrocarbons for particular process wll
t y30, adtbingtivedy rhmskto Zﬂg attdtmaﬂb\ﬁy Sommfl toHd) altexbﬁti\rei}yﬂom 1to6,

RRIRHIAN A R ARV e R kst S A

Pr 268§ dr&drabl Rpif?%rggat% g??gvp&@ﬁ%: ﬁ'sr%&ﬂér thaH oll¥5al (Faﬁcf‘i ﬁ)an integer

i nventon | uor ocar "PFC" ‘or
a dmddat d)éalstmrepmrdqmnfe@'mf@ andrz di‘é-lﬁfféﬁfs) andcad Ildaetodmev @Irg/ferred
referred to as qu ri nat ed hydrocarb

" { P BRFesHBgIrdnclpdgthosgp phorgcrah Feropnth &%@% Bowdntgger from 1 to

d
SR Aok HESORPO AN 198, LRSIt som 1

at tonaltemetivgdy fromal {0y6, hjtckmhatety ﬁrbﬂfq )20 dternatively from 3 to 10,
perfluorocarbon is a conpound consisting, essentially

of alteEpasyRLY 1R 47 6, mpﬁr@rrfﬁebbt%?ﬁi 14ad. pitk? isp@gnteger and at
I
PR S RS R R S IS S, £ ot

C ois&itionngd s iisahéngtod fheqaﬁfm{ydrdﬂmmdaﬂﬁmamd fluorocarbon do

hydrogen. Preferred FCs include those represented by
h@otflmlndﬁ@lorqﬂmyrsarhm ein x is an integer from1 to

40 al ternati froml |t er LY,

to' 20, BBl Ybh of fuoBhBbREie bidin hEPlobs of

1 e 1lﬁrenﬁbﬁ éie;tabroye{ it s 3 g%ﬁlu%ﬁn@tbﬂ ayddtirseh uncf gom

3 to 10, alternatlvely from3 to 6, nost preferably

f rlaydraflyaso@rbomh ardinara preferapleamxtureefie lordrefiesocaboandn yet

z zlmsothaerr] el IB & glent, the hydrofluorocarbon is balanced or unbalanced in the

number of fluorine atoms in the HFC used.

Non-limiting examples of fluorocarbons useful in this invention include
fluoromethane; difluoromethane; trifluoromethane; fluoroethane; 1,1-
difluoroethane; 1,2-difluoroethane; 1,1,1-trifluoroethane; 1,1,2-trifluoroethane;
1,1,1,2-tetrafluoroethane; 1,1,2,2-tetrafluoroethane; 1,1,1,2,2-pentafluoroethane;
1-fluoropropane; 2-fluoropropane; 1,1-difluoropropane; 1,2-difluoropropane; 1,3-
difluoropropane; 2,2-difluoropropane; 1,1,1-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-



and at | east one, nore preferably, y and z are
integers and at | east one. Preferred perfluorocarbons

WO p@b00®5t hose where y is zero and where X i s BOIT/US2005/021654
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integer from1 to 40, alterndBively from1 to 30,
alternatively from1 to 20, alternatively from1l to
10, alternatively from1l to 6, alternatively from2 to
20 alternatively from3 to 10, alternatively from3 to

6 tetFBlordprefeahl 2, 3 fegafldorbpropanegid , %3 tctrafinotoprgaes; 1,2,2,3-
and at least one. n a preferred enbodi nent, z is 2 or
nmteaﬂupmprmmpolséé 263-PEHRBUQrARIERANS . Lalnéi3 thsatagpatopsopanc;

th I b
pE AR Tt R ket LA AR
ap@heaﬂué Pﬁa‘paﬁé uor, pg,@@m&ﬂ@b@pmﬂeu A28, process of
t he i nvention, pref erably a mxture of a

péekiflioroprape; hydrha3risanallepveprepanedd dil.48Bekar bon,

d f t f hyd I
T hepBRnSiBaReRe dmb b et P SR RPBYT dors iR BER f ™
b RAGRER! 1 l]!Qﬁﬁh&BS&Qné n 2t@1ﬂu6wmglhe01f 3-fdif11£bltd>tfiﬁarx’é oS
in the HFC used. Non-linifing exanpl es of

f Idnﬂmrobuthnm; 8 Zﬂdlélﬁlutobutanc,tﬁ 3-diflnpsotnitans; 1.4dHudkorobutane;

b SN HeIABS S 1. L i R Dt tea s - R EGE Do ane:
1 tﬁﬂ&o%ﬁ?{aﬁé‘qrf)?%l?ﬂﬁlﬁob&aﬂe 733 Hifwpsneidiane;3-tiffuodobutane;

tetr udr dét hane: 1.2 5 tetrafl uoroethane: 1,1,1
. 2,21 pentrafiiarabuiateh il 3-tetfaluorobpraopainb ] 4-tetrafluorobutane;

2'12_' AR bR Bisacs 112 A1 PR BRBRR L tetrafluorobutanc;
’12¥ ?'3f ﬂeHQf‘i&%lﬂRﬁ{éei 15 4. teha%blfdbu%emr PRANGraftuckortane;

t r’i’TUor opropane; 1,1, 3-t | 'uor opr opane;
1 12,2 Atteirhflupomparc amz 4-1s:t121ﬂ39rdbutahbm2 3 3-tepraflworobutane;
1%2 % @{rgélgog&}nﬁgr;egg 0g%l-li;‘?éraﬂuorobutane 1,1,1,2,2-pentafluorobutane;

T 111 g 2?%8#&@%%@#%%# 2222%4 _pentafluorobutane; 1,1,1,3,3-

1, pknBifldoiobutant; DI ;3;11’ p@ﬂﬁmlordblﬁa& 3;1,1,4,4-pentafluorobutane;
tetrafl uoropropane; ent af | uor olozgpane

1,112, 2?32pg1t§;@m@mtwﬁ b,ér%é-fp@nta ugroputane; 1
pfnﬁi%ggé)%f aﬂ%,tr 1‘;? PU g g&taﬁuol‘oﬁltélegl A& Al HORRRLBRARE:

1 12,233 gerﬁaﬂnﬁ%aidtmt Q,Q[Z}}l&@ﬁntaﬂudnobuﬁné} 13t,1,2,2,3-
hexafluoropropane 3, 3- hexaf | uor opr opane
1, hexaflgorobigas:; mebggﬂ ]@@pﬂwr@b@q@e 1,1,1,2,3, hexaﬂuorobutane

1 hent af | u obyt.a _2-
b B R B S0 2 nd AR R 2
1, Rxafddropiieiditl aNE3, 4 4-Kexafluorobutane; 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-



di fl uor obut ane; 2, 2-difl uorobut ane;
2,3-di fluorobutane; 1,1,1-trifl uorobutane;
wa 2eMe9951 f | uor obut ane; 1,1, 3-tri fl uor obut ane; PCT/US2005/021654
1,1,4-trifluorobutane; 1,2, 2-14trifl uorobutane;
,3 trifluorobutane; 1,3,3-trifluorobutane;
3-trifluorobutane; 1,1,1 ,2-tetrafl uorobutane;
,1,3-tetrafl uorobutane; 1,1,1 ,4-tetrafl uorobutane;

taAdrdbatana! 1, uarnbsRanenodafluorobdtdnes 1,af1,2)p,8@byt-ane;
, 2, 4- tetrafluorobutane 1,1, 3, 3-tetrafl uor obhut ane;

rnonaﬂworobutmﬁ leidrasbdtmeibylpiopene 141-dEuosg-Rupethynronaes; 1.3

o AR o2 AR Y ERNES

’rﬁetﬁylgrd é; qf3—HHILﬁPéle(ﬂﬁoromethyl)propane 1,1,1,3-tetrafluoro-2-
pent af | uor obut ane; 1,

5 , 2n&hylprapahé;ol,6Bdetafbyora- annqthylzrapap@rir, h{tuBvabtane;

! PR P ok 2 pebproe i bt ane:
t%l:r%fh%rg? Q%BB%éﬂHﬁﬁ%BaﬁQel 1,1, 3-tet2ra%uo§o -2~(fluoromethyl)propane;

2, 4 pent af | uor obut ane; 1]
peﬁlﬁcﬁédwmwtwb,ahLLdlﬂuoioczfpl@butape;rit,%rﬂlfummb'glohn@ne 1,3-

L éﬂgorgcygc %&rﬂ% %l,ﬂ%r g:gﬁlp%rx}gélobutane 1,1,3-trifluorocyclobutane; 1,2,3-
10 t%ﬂ?nf)l%b?élgﬁﬁaﬁef h Ulof QQ&Pa@lﬂ@mc}clgbﬂta@e 3,133,3-
hexa , 2,

tane; 2, -hexafluorobutane 1,1,1
Ztefiaﬂlﬁ)rdsmm‘bhtme,oh h,ﬂﬁt;&pemaﬂuoiocyclobutane 1,1,2,3,3-
2,3, 4- hexafluorob

hzoezutaihlﬁ&@a? AR %h%le(’ajﬂuerosmobutane 1,1,22,34-
%}Eﬁ&ﬁs&ﬁﬁ%e L1b3l3 4%eﬁaffuotﬂse§@fdbu%e buj anes 3 3. 1, 1

uorobutané:’ 1,1,2,2 hexaf | uorobutane
1, Heptafiotbcydlobetsnd. | Rmoﬂaﬂmleferﬁbd Tlura@arbods include

hexaf | uor obut 1,1,2, 3, f ta
15 1 Rpommethpan e BEEa b dibososhae, 1 - Biflioroethane,

t
’ Zf;h?ro;%@ﬁﬁﬂéjp?% I 1L} OIE"% Eelﬁaglr’l]lém%?a]ie In adebtlol? tﬁ those fluorocarbons
hest@tﬁdeQfe@éiﬂ,ttﬁdS@ flubrdcaihods ae@nﬁedlﬁpR@frhmﬂrWﬁuteamh CEH

1,1,1, 2,3, 3, 4- heptafluorobutane
41\44r14¢épg Reperbridperogathonsy Pages 19133, A?,yﬂle Chémical Beonomics

1 e@anlcfb o §%§ ' grrh%uoﬂul TApI>081. \6‘{1%5 NERIG AR SRS BN by

uor ob

20 q%ﬁ%m%eanéﬂﬁmﬁhqctafluorobutane 1 1,1,2,3, 3,4, 4-
octafluorobutane 1,1,1 ,2,2,4,4 octafluorobutane

1,1, 1 ,amother preﬁetmsitemboeiunmdhaﬂaor%mboa(S) psed i the process

e PR AR5 e behpchpfafighyyfiorometane

| rifRofdnthRro2t MRS Y-BERRRN €1, lltrﬁl'uoroethane and 1,1,1,2-
dlfluoro 2- nethylpropane 1

-thetraﬂumocth@lqmldhmbiﬁﬂwéﬁr@Ofl 1,3-trifluoro-2-
25 Tstlhyl p%ﬁ{}gg)‘%gf Eﬁg]r g)lr«]:ztlell‘lrg o gocgl}tnleﬂp T Me&ﬁfl? R&fifable

fluorocarbons useful in the process of the invention include HFC-236fa having the

2
2,
1
/0B
1

PNRPRPRPRPPRNPRG

chemical name 1,1,1,3,3,3-hexafluoropropane, HFC-134a having the chemical
name 1,1,1,2-tetrafluoroethane, HFC-245fa having the chemical name 1,1,1,3,3-
pentafluoropropane, HFC-365mfc having the chemical name 1,1,1,3,3-

30 pentafluorobutane, R-318 having the chemical name octafluorocyclobutane, and

HFC-43-10mee having the chemical name 2,3-dihydrodecafluoropentane.



nmet hyl propane; |,1,3,3-tetrafl uoro-2-net hyl propane;
[,1,3-trifluoro-2- (fluoronethyl)propane; 1,1,1

w0 308/0peat af | uor o- 2- net hyl propane; 1,1, 3, 3- PCT/US2005/021654
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tetrafl uoro-2-(fluoronethyl)fsopane; 1,1,1
,3-tetrafluoro-2-(fluoronethyl)propane;

fluorocycl obutane; 1, 1-difl uorocycl obut ane;

1, 2-di fl uorocycl obut ane; 1, 3- difl uorocycl obut ane;

1, 1, 2- tin lahétHey @abSHiRBM, BRdIuorocarbon is not a perfluorinated
1,1,3-trifluorocycl obutane; 1,2, 3-

t rhiyfiragerbony &1 cxembodimens, the flaerogarbomisgioy a perlnogaged C4

1,1,3,35 tetrafl uorocycl.obu e; . .
19 Closkgng i snols e 5 Buorgoagoon i ngt perfiuorodecatin
p & &iane, perfl thylcycloh , perfl tane,
T Uor ocycl obutane: 1. 1o 3 feriorooce
h epeafluarosl Sedimedipdeymindiexane, perfluorononane, fluorobenzene, or

1,1, 2, 3,3, 4- hexaf |l uarqcycl obut ane; 1,2, 3, 4-

st R HSES o opeAt A PR R g ety B urocarbon

fl : A1+ :Hf@] tdcarRnenet hane,
tr#ﬁ%ﬁ%?gﬁeﬁ{ﬂ%{a}}n@ 1, 1-1%?% uo?g'et hane, 1,1, 1-

t ri f 1 udnastthemembddimentdire flhenoearbamis present at more than 1 weight
1,1, 1, 2-tetrafl uoroet.hane. In _addition, to those

{ ioeopiserrRGe S b Hhioresprboninpeay hyfiab e byspt present
d&5¢8d Bfded ' tweight % hiePfhan 5
R ARl SRR BroWethan St B4t IRtV el han,
Ecweeiglnt % spreferabiby gieatSRthah Tt vesi gleit%i opreferabyp giehtepthan 10 weight
which is fully incorporated herein. by reference, .ar

i né) RrgEERblneregiehi r15m€é¥1?§9/r’=éﬁe§f?g%gfﬁ%tﬁ’ft, ag g weight %,

fl B b i 0N
B FR e el 35 i S DrAEABR ot 30 ULV

di frbfepibbngeitanihan 85 iwfdighn L4 pe¢fhahly, grdatdr than 40 weight %,

-di fluoroethane, 1,1,1 -trifluoroethane, a 1, , 2-
t arplerabliogsaierdiae SANeIght Xo.preferablyareaier thap ggwglgﬁ %,

VR eE BB e B D MR RN PRl rf e RTTELEIR 1

uorocar bo € process

| npreRidbONremet thae Sbiweigid 8F, préfarablygertdter thineHo oeight oren
1,1,1, 3,3, 3-hexaf | uoropropane, HFC-134a having.the
c hanether emhediment the flupracarhonfs pissené ehams, tharbwsight %, based

havi ng, t he. chem cal e
ool S Fispl SbF o B afs hohofheriand apy bviogmbon povent
NagtBseht ik the Sfffrent) pruferhbly @reaked tieanes wilght %O ploderallyg gidacer than

chem cal nane oct afl uorocycl obut ane, and HFC- 43-1 Oree .
ha¥/ weight ¥e preffesably freatrariiean 7 weight %, preferably greater than 10 weight

2,3-di rodecaf l.uor.epent.ane. | n hEAt. o
C i PR BB R RO e P BB g AR 9b e o,
preferably greater than 25 weight %, preferably greater than 30 weight %,

preferably greater than 35 weight %, preferably greater than 40 weight %,
preferably greater than 50 weight %, preferably greater than 55 weight %,
preferably greater than 60 weight %, preferably greater than 70 weight %,
preferably greater than 80 weight %, preferably greater than 90 weight %. In the
event that the weight basis is not named for the weight % fluorocarbon, it shall be
presuﬁed to be based upon the total weight of the fluorocarbons, monomers and

hydrocarbon solvents present in the effluent.



hydr ocar bon, hi anot her enbodi nent, the fluorocarbon
is not a perfluorinated C4 to C O al kane. I n anot her

wepiwodigyent , t he fluorocarbon is not perfl uor oPET/EB2005/021654
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per fl uor ohept ane, perfl uorohégane,

per f1 uor onet hyl cycl ohexane, perfl uorooctane,

perfl uoro-|~-di net hyl cycl ohexane, perfl uorononane,

fl uorobenzene, or perfluorotoluene. hi a particularly
pr ef er rladnetiboghbeiinent the fifibroosrdom rphefrabbnthe st s
essentially of hydrofluorocarbons. hi another

erbEminerecarhon, Fipiesenicd Msn theg Inyelaan e, hesedgipen theiqtal

ight % .b j a
el BB OBE R o St ey ] RGOSR e,
PrtEREM yrefec@mbe B volaie %, prifghs] por €l ar il lymg MBat er
thlgn 5 vveigrgeht % gr ef erably rea%l(geat han 7 wei ghtf%
€ 7o,

priutisrably greateethne/velime “.raerapht swgtenthan &P yplumn

) e Yl D e 1 2
PrteREMp %re%ﬁﬁﬁaﬁ D5 BRMe3R, #@f@iﬂl% %fﬂeaféf efa@r3@bioyume %,

greater than 35 weight % preferably greater than 40
wairgferably greatef tham B yolymeshoeprefanahly S@aige thantdOoxolume %,

o EREPY Heegenas gHioe pPrariay B Bafied olape %

\gftanlf olehtef @hRB5YolGM88h SrefehBly GEatwahSE0 Yolume %,
\Sﬁseferaa?bgl;%/legreater tohan 9(5%\/\& gh{yé/o hi anot he;1me

enreftiabingresthethfh 6dvobimedon i s present at nore than 1
wei ght 9% .based, upon .t he wei ght, of .the.fl.uorocarbogs,,.
nonone rlé%%}g'd a’&%}“’ﬁ%@@d? B’t?ﬁtg[g %@WW?F@Q% { eqcﬁoq_l. hgy mert
eftt)ltlgfgk{)lw%ﬂtl%ﬁ 3cYioR' B Eht thitRe JubRIcHBbn Yoes not react

pref greater than 5 weight % preferably greater
t hebemzcallyivgtit theymonarhers,altalysysystneor thhaatalyst syefeght %

. preferably eater than 15 weight % Ereferabl

O CRRICH o IS0 ot U gl SRS 58) PV BPBIER DT Vel bsan FC's
Wey 28 'hotb/f?‘lgﬁx%ﬂ:c% %ﬁﬂl%ﬁ%&ﬁ%&ﬁ&gﬁ%ﬁ%& 2Pr0EHHMy 38 so to some

prefera % preferably
grexadre S sutlh anaffdting aghtitystatepr Hberad] it igmeatt éo sdyrthat thOFC's
wei ght % preferably greater than 55 weight %
pr%ﬁ@?"dﬂ?iﬁnbi‘selﬁ@f%ﬁ%a@ﬁ SYEEPHt % preferably

greatery.t [ BLERLEL ﬁﬁu b
wei ght Qaﬁ%@gﬁ%ﬁéﬁ@@f&%@ép g?‘%%ﬁjé’gg if(y)a vvell?gﬁt }6%& | r‘?‘%é o
evaidtpetMatrodaitsorvarid phéfetadBbi the hgdrofitioroearbon fsqredehieat more than
wei ght % fl uorocarbon, it shall _be
1 volume %, based upon the total volume of the perfluorocarbon and the
hydrofluorocarbon present in the reactor, (with the balance being made up by the
perfluorocarbon) preferably greater than 3 volume %, preferably greater than 5
volume %, preferably greater than 7 volume %, preferably greater than 10 volume
%, preferably greater than 15 volume %, preferably greater than 20 volume %,
preferably greater than 25 volume %, preferably greater than 30 volume %,
preferably greater than 35 volume %, preferably greater than 40 volume %,
preferably greater than 45 volume %, preferably greater than 50 volume %,
preferably greater than 55volume %, preferably greater than 60 volume %,

preferably greater than 65 volume %.



presuned to be based upon the total weight of the

fl uorocarbons, nononers and hydrocarbon sol vents
w@e@somosi n the effluent. | n anot her enbodi nent PCTES2005/021654

fl uorocarbon, preferably the-Wdrofluorocarbon, is

present at nore than 1 volune % based upon the total

vol unme of the fluorocarbon and any hydrocarbon sol vent

present in the effluent, preferably greater than 3

vol une M yepasdteeradmbodinany the flubmoarbonodfitheirftention have a

preferably greater than 7volunme % preferably greater

t hypighbaveEgsrRologulg vengitAMW) Fpaish than 30,am.u.cDRpEIARE Stgater

pr ly..0 f )
o B 33 Sk uChiBEh Gl 1B Bt M 16 L6 B By emipgiment,
v ofhe HRioPacaibos of tbliyveatiemhare 4 Mang3atey thht 6@ a%h.u, preferably

preferably greater than 40 volune % preferably
5 greraeter thep 4p aqm uy e mroroproferably eaentsy thane 2t @M. w. [aad nEwt

vol u 9 refer V. gre . 55v0l %
or a7ty SRR Bl 0" 3 S Al fop fuorocarbons
gr 6ahe inviehioh Bive\adliwn@edfer thaeod byn.ulfiefefdblipsresar than 106

inert to the pol érreri zation reaction. By "inert to the
pod.Jb reiver mopnpreEsdly eveater thapd 3pe.mp-Haanditpest preferably greater

roliOr ek, PG ub B fEh iyl Bention have o
10 CONRPBRRMeS thah 140 8.01.8, ]E‘sferatl:ﬂ)y %?utef thah 150 @.nRhyBbRAreferably

envi ronment provi ded an FCs does not influence the
pogrpater than fl 80 a.n.vaeyen orese preferably greater tham208@. w4, ard most

FomRErEReY Bt 1 285 sl 4y o rapSdiménfi BleiSigghons of the
Pr 896RionAtvB aMNViwah tHet8ngdfatons Do 2R Lee N %(]gd Al Pied¥Brably in

enbodi nent the fluorocarbon is a bl end .
hytiie odrigead doar bifha. s topl0fd. moy, owae prsferahiy ipthe frangglvif yrom

15 o, PO A e oo moSuBr G o ten gt Pt FoBbe Wm
ang aﬁggthm_ﬁfd.uor ocarbon present in the reactor,
t

(wt e bal ance bei ng nade up by the
per f | uokowhaiathdr qurbefianadt) the fnemtabobhalithd invehtinreh®4e normal

preferably greater than 5 vol 9 referably greater

¢ hagiling pwmbwﬁ%%ﬁ ef gP’Qﬁ}b?ufg'Hgglce/‘?‘p otk palgmehrdting %

prehe | g2 o

o s, ety ionoivel il B3 by o 1,
20 voprefeeatily thermbenkbidiyngpent «ithd flacsro3@boms i ireth¢grange of from -

80°C to about 90°C, more preferably from about -60°C to about 85°C, and most

preferably from about -50°C to about 80°C. In an embodiment, the fluorocarbons
of the invention have normal boiling point greater than -50°C, preferably greater
than -50°C to less than -10°C. In a further embodiment, the fluorocarbons of the
25  invention have normal boiling point greater than -5°C, preferably greater than -5°C
to less than -20°C. In one embodiment, the fluorocarbons of the invention have
normal boiling point greater than 10°C, preferably greater than 10°C to about
60°C.
In another embodiment, the fluorocarbons of the invention have a liquid
30  density @ 20°C (g/cc)less than 2 g/cc, preferably less than 1.6, preferably less than
1.5 g/cc, preferably less than 1.45 g/cc, preferably less than 1.40, and most



preferably greater than 35 volunme % preferably
greater than 40 volune % preferably greater than 45

waooloaoe9%y preferably greater than 50 vol une %CT/US2005/021654
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preferably greater than 55vollge % preferably greater
than 60 volume % preferably greater than 65 vol une

% I n yet another enbodi nent, the fluorocarbons of the
i nvention have a wei ght average nol ecul ar wei ght (Mw)

grigafeedbly Radthal 120@icd. , preferably greater than 35
a.mu, and nore preferably greater_than 40 a.mu. In
anot herIngws sabediment; the flppregrbens ¢dhe inyentanchavagdii i on

have a. t han... ;

i R GRS 0 PP me P Aol S e

a. i ihiqA8 Gin fﬁé&bnn%“ whRecbl 09 1grkeab esss taars 08&kJ Agpreferdbly in the
still another enbodi nent, the fl uorocarbons of the

i g ofdiorh 448 ki/ketip tpsethae 159 kilke.omdanest preferplly én thsirgnge of
gr gat n.100 a. m en nore preferably greater
théﬂnigga{i.&ﬁltﬁ?esgﬂﬁnﬁé&ﬁ%gefer ably greater than 150

a. m u. Riandfhef pRFerRiiR@HodRAént, the Bublod@besas e fvehtiddlgve

i nvention have a Mv greater than 140 a.mu, preferably

gr aytcombiiegion b5 Ove onmere ofsheaforamentighed Mgy, agtraal boiling point,
o R abaHaeiae e R B i ol SRRE, B3P, 1
ANe BERBH EAE e filohSeaflond LRFa iR PRSprotesk BE tHeMetioR Ravtay Rw

aMvin the range of from90 a.mu to 1000 a. mu,
pr gtateatbhy 30 a.ny.hepreforapdy gieater than #0@.ma.uprand a bqEd density less

b T PRI LSt TR b AR .
:E@g glualc&aﬂ‘mﬁﬂsetﬁﬂ A BRYSrode’f o PehBlitkentibn Hi¥e aal'fkfiﬁﬁ 8énsity less

I ment, e fluorocarbons of the invention have

nothamll .Skgded, ipreferpblyriéssitiant hé glcayape aforiabbeitibppeint gre@ehan
up .to the polynerizatio erature, preferabl t

D 16 et hir 0 b i B pobin s g eripbraiRe of the
pr t r bl j

PSR ASBTSCBRE g B9l om0 g more gty
913 thampe*(h aed atoabbryfetdbdyricadthat 60%DAAH dptiadatiyt A50C,

and nost preferably from about -5(1)_%;0 about 800C. In
anV argsizationin the rangediogy 540K Kge i nvention have

o T, B0 BB G0ty S AL A vt on
endadbiEaiytivochiden kbiverite.c Rreeralslyothe hipdrocarbon solvent is an aliphatic
or aromatic hydrocarbon fluids. Examples of suitable, preferably inert, solvents

include, for example, saturated hydrocarbons containing from 1 to 10, preferably 3

to 8 carbon atoms, preferably C1 to C8 alkanes, such as propane, n-butane,
isobutane, mixed butanes, pentane, n-pentane, isopentane, neopentane, hexane, n-
hexane, isohexane, cyclohexane, octane, isooctane, and other saturated Cs to Cg
hydrocarbons. Preferred hydrocarbon fluids also include desulphurized light
virgin naphtha. Likewise one may also use mixtures of C3 to C20 paraffins and
isoparaffins, preferably paraffinic/isoparrifinic mixtures of C4, C5 and or C6
alkanes.

In another embodiment, the fluorinated hydrocarbon fluid is selected based

upon its solubility or lack thereof in a particular polymer being produced.



i nvention have normal boiling point greater than -50C,
preferably greater than -50C to | ess than -200C. In

wor@eoedIsdi ment, the fl uorocarbons of the i nvePCT/OR2005/021654
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have normal boiling point grégater than 100C,

preferably greater than 100C to about 60Q0C. In another
enbodi nent, the fluorocarbons of the invention have a
liquid density @200C (g/cc)less than 2 g/cc,
pesefabiivorbesBorsare litth to RO&bRIbHNY in the polyniean Sdlubility in
g/cc, preferably less than 1.45 g/cc, preferably |ess
t zerpolymey, is aneastred by fasmingthe polyvaics intp g film of dhickiess gﬁween
0 e i ment he fl.uorocarh ' [

nadatd 1B aas thesoakiigo i HuBRRREh Grifieh Y il R ftm for

nor ma ng poi n

MR (Y reflvamdRERc PR IhEMRLDT térasdttuted présstifedn a sealed
range between 100 kJ/ kg to | ess than 500 kJ/ kg,

2 rggmﬁijn)atbxyvdsseéx Rbe fizm gerevfoved Gremithe fagyaegrbos, expesedfando
g, and, nost eferably. in.the ran o L
| BepR? KL ORI S e ORGP Bt LAt aP BFRr 8 e
e edBMthe niRE ubthOIQANRPAShO berBiRagdiverRhdean thefn weight
any ctonbination of two or nore of the aforenentioned

Maftensakinl. Hihie lfluatpcpiiontor flDbtovarbon v stureis selgeigd EP that the
¢ RODPI) R HPBL N SN e Ui REVSEPBEERLY i€ G Wb more
3%&@151)8)1%&8&{&0@%%9 Bﬁﬁtlﬁgretp?ér&aﬁﬁ/ 18ssthah 1 RARS BEERbM

i
greater “than 40 a.mu, and a liqui'd density |ess than
2 péfegbbdesspthatf @5aitby | ess than 1.8 g/cc. hi yet

th f d di he fl
?Eot e ThAGEEECrmbHETERy BIREGH ApRtaey a0 tielHEppy the
' R | .
998k Hﬁaﬁb%tﬁ%s HUeLor, BE SEIBEAPLMN IR $hd ﬁ}ggrgér RBelin %m}%?i‘gcure

a nor na ing point greater than - C, prefera
gr(Tat) ¥ retibesd (eb@fPTesspd)thy rohmopothan867C by therpresence of the

%Ef@”ﬁgéﬁ%;fp&egiﬁﬁ B %8%?8%: i 5 o PR By BT polsiban 10°C
o @?&e&%&y rgoqgﬁﬂ'gﬁ{an%é. %@%}%’reés oi{tﬂ@g%l%gﬁneﬁﬁ%

ona aporizationi1n the ran from

13Qbérkird ATAOR dbietrsihed b fiet @idasurirgrthe diettiy teinperature of a

fluorocarbons are used in conbination with one or nore
hyrlyeartyshifershiial seanniner elaiagny(DSeans Bew eeppaing this to a

solvent is an aliphat ol .aronat | :
AT e R —
SQh¥ Blbdcarbon. In general, the melting temperature of the soaked polymer will

be lower than that of the dry polymer. The difference in these measurements is
taken as the melting point depression ATm. Higher concentrations of dissolved
materials in the polymer cause larger depressions in the polymer melting
temperature (i.e. higher values of ATm). The DSC technique for determining the
melting point depression is described by, P.V. Hemmingsen, “Phase Equilibria in
Polyethylene Systems”, Ph.D Thesis, Norwegian University of Science and
Technology, March 2000, which is incorporated herein by reference. (A preferred
set of conditions for conducting the tests are summarized on Page 112 of this
reference.) The polymer melting temperature is first measured with dry polymer,
and then repeated with the polymer immersed in liquid (the fluorocarbon to be

evaluated) for four hours. As described in the reference above, it is important to



include, for exanple, saturated hydrocarbons
containing from1l to 10, preferably 3 to 8 carbon

war@amg9pr ef erably G to C8 al kanes, such as prPOPEAINS/021654
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n- but ane, isobutane, m xed bl0anes, pentane,
n- pent ane, isopentane, neopentane, hexane, nhexane,
i sohexane, cycl ohexane, octane, isooctane, and ot her
saturated C6 to C8 hydrocarbons. Preferred hydrocarbon
f ledings tlak 8@ seostldyse: ofekedephosridneddlin istpresienes of the liquid is
nghtha Li kewi se one nmay al sp use m xtures of

ne iy amaiqu:oamer so that ﬁﬁfh%@ is ﬁPbﬂ%ﬁh %ﬂyﬂng the test hich

par /|so rr|f|n| Xt ur

o e afodie SR Hoar W Fhedlelnr AZRL 1©s
hyigr@ Cllﬁreﬁ%lyt led ﬁ‘lah 30‘5@ |Iﬁ§féﬁﬁl}h@§s€tﬁaﬂlm mhdré preferably less
solubiTity or lack t hereof in a particular polyne

b éham6 96}, eod Test: ﬂﬁ@f@ﬂy less thay é?@chr &@ﬂ%ﬁr h@bedmnmt,ltbe to

no solubility .in r
pan%ﬂ%qeg AT et b %Pﬁ%e hlg %EPI? RicGerably fest,
of ' h °
SRR e s
hours an atldi\ﬁ‘elrrai enbodim@ats theefthqpadaybom(s) oatiintures thereof,
terrperature and pressure in a, seal ed con talglg gr

Such that

véi%%f@Ia lyr the Hydrafuosocaghon(s @r Mg Hereqtuge § i
£ u%fﬁg 11{1 Jibig ngﬁletﬁ? Eg olzé} &Y ?&Q@Eﬁ% ﬁﬁﬁﬁ?ﬁommders when a

ocar on from SUI‘ ace O m an

Wahighed is dsee. BRasiscibleakmenst thietfthaBC/hadrobirbop erigtant wijknot
increase in the filmweight after sqgaking. The

f |hawe bﬁwdw@ﬁsecﬁepwﬁm oklgRKahaps sepgalion & defqradied Pygpixing a
{ t
o Best At B R 75 o4tBE G166 sl R b A thch

2 d&h&btloﬁél eHen S R1IP 0B VAR i fpHaes Scphintion bcmg/aﬁa‘ndgmﬂ;ﬂ
preferably less than 0.5 wt% In a preferred

enb@dng@nﬁveﬂh@ltﬁ:(s) or m xtures thereof, preferably,

the HFC s or [es

t he pol %P‘?F(ﬁ nem)ag? §?%E?%ﬁ%$ﬁ§€f Sso‘}ﬁlgg H%%%‘g]f(ﬁ@%re
d %ﬁ@&ﬁﬂﬂé efheRO4S tAPESufi ek thb feaploe SRIRGRY thE sélible
fluorocarbon, preferably by not nore than 15C,

priefynertip jord@}pl‘iam ouiend farhenpdlpoer 1‘1@’}' pliase anpfd golweh]@pn phase

50C,. Th
¢ o B DEL @B Fon SEREPRT B by ea s R R el oo
neht téﬁ%e&ﬁﬁﬂé%@b%sﬁlr@fmﬁddw by e hhise sepdrhtedrLetni 1 fitted
scanning calorinmetry (DSC), and then conparing this to

a precisely to the desired operating pressure and temperature window and polymer-

related maximum thermodynamic conditions through selection of the type of
fluorocarbon and amount of fluorocarbon added. The amount of fluorocarbon
added into the effluent should be sufficient to cause polymer precipitation so the
effluent is separated into a polymer rich phase and a polymer lean phase.
Following precipitation of the soluble polymer, it can be recovered by
conventional techniques such as by conventional filtration techniques. For
example, the polymer rich phase separated in a separation zone may be fed to a
drying stage, where the polymer rich phase is heated, flash-dried or evaporated
under a reduced pressure by means of a multi-tube type heat exchanger, a hopper

or a rotary type solvent-removing device such as a thin film evaporator to remove



simlar neasurenent on a sanple of the sane pol yner

t hat has been soaked with the fluorocarbon. In
w@ewenedos1 t he nmelting tenperature of the soakeRPCPUB3NE021654

will be lower than that of tHx-dry polyner. The

difference in these neasurenents is taken as the

nel ting point depression DIm Hi gher concentrations of

di ssolved materials in the polyner cause |arger

depheaslicnin BCi and ttheurpedcysdanommhdri Mdkdvesgpibe ablvemt, FC.aad the

hi gher val ues of DTnm). The DSC techni que for )

deHEERiF Wenemer are racPrrsed S the BplES icgR Phaseg@yiesy ipg low-

by Vi ' . kLD A Y ene
ypleelfr WEPRL PR A i -ERER R ARk b bl Bl o iR PR 02
anghréasiinmbasier d¥h e hec201RA to tHeipollyrh&idatic0fdacticd. e®hrt or all of
herein by reference. (A preferred set of conditions

5 f othe pehmrs d¢angphesrcandstalsogeeycladrindlia paymerizatign scactop apg/or

this refergnce. ) T l.ymer ing. ter i

1 Phre e R el O R R W b RERR O Kot

W fdbetaf IRAtedTRId theieSeshltiny tixttteds fdchided totBE 86pAFAHRR unit.
to be evaluated) for four hours. As described in the

r ef er enBeefestaghpsoceisses ivdierantbisrinventionsen beipeediipelude these

second,part. of the test, con ted.in.the.presenc f

¢ HEBRARERIF  proifie koR e SRS Finsni froro hER S fesome
10 | 1 gditsh drdl MRbabld ArREthe QfibDSf pro®utefid hewh) paficaHY Homo-and

i ntroduce experinental error. In one enbodi nment, the
DTen-pelyttbyglene, immotdng comradyaepiene, Fbglene/hrapyledccopolymers, and

Do i, Plpterernalyghyiggs indhides Rl fafumgiypBytens 88 °C
enaRiRgt sudih® eiRANLaEnE ihylend/ 8Xend, RAd eBfiene/octene,

preferably |less than 4C, nore preferably |eSs than 3C,
‘even noAsotheeprefeatstl prdcesswhdra thi® @ventieh candte yilisédisarojution

less than 1C. In a preferred_ enbodi , e . ;

15 © | QRS Pt o 8ok CoR e o Sy rd alghsplsfiEs th o ithout
h ' .
£ GHERE 1o RGAL SRR Ay TpSMIE o IR md 3y 3ol Bl
s otorgugateaindiees  Breferablydhepalymbeproducedyit afev-crystaliedty By

RN N TN T L
SR Sed 90505068 U B Ao 99 ona
20 pot@smidl 2atlpha oladindpiefeaalsly prdpgtent), preftiaplydie&Ounoldo aifd 0 to
pmh?ég@i%pgggni_ ggnjgga%gc{c%egg.t er vigorous m xing f.or five
Preferred polymers which can be isolated from a solution by the methods
of this invention typically have a weight average molecular weight (Mw) from
20,000 to 500,000.

25 Preferred polymers which can be isolated from a solution by the methods
of this invention typically have a melting temperature ( Tm ) of 200°C or less, as
measured by DSC as follows: Differential scanning calorimetric (DSC) trace data
is obtained using a TA Instruments model 2910 machine. Samples weighing
approximately 7-10 mg are sealed in aluminum sample pans. The DSC data are

30 recorded by first cooling the sample to -100 °C and then gradually heating it to 200
°C at a rate of 10 °C/minute. The sample is kept at 200 °C for 5 minutes before a



In a preferred solution phase enbodi nent, FCs or

m xtures of FCs are added to the effluent of the
w@odoandwnt exi ting fromthe reactor causing thePGDUSINE021654

pol ynmer to precipitate out anr22-form a polyner rich

phase and pol yner | ean phase for further separation in

a separation zone. This nmethod offers great potenti al

as the tenperature and pressure w ndow of the phase

segeoad canlingareating tyd¢ mdpplieic i Bath yhet first diel sdesidraydle thermal

operating pressure and tenperature w ndow and
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sufficient to _cause polyner precipitation so the

5 ef fB dkavdesygramdinal O sdhera & the peatpiision for ﬂm@?@psb@nea of the
O TG SRS Lo BB EFL R M By e

recov conventi ona

t epsIph@t BNk, BeurtlyEdaoy, pbiishedlbyfToht Maldy@ad Sons, New

techni ques. For exanple, the polyner rich phase

seyarkal¥y- ihvelug ephFal/e 6B) vaneschay thecepief lﬁaoa forrip0bg
wher gl ymer rich phase is heated,

st age, ;) h
flgg'ﬁt?]&%egaﬁlg%()@%/eg‘ﬁbrat ed under a reduced pressure by

10 neans  ofTh@nm#Hods of HReint¥RRNILA! bl ANFEFmeAzHRBRREcetes
a rotary type solvent-renoving device such as a thin

f i that eredpes mircrystallinapolanérs as viell@ain pelgmgrigationgrocesses that
unr eact ed nononer .. Li kewi se the sol vent . and th
plidsizbe ke DO of Polvithis GRieies » paper
PhESAng 2B staffititylofBYs lof WIB) a8 eéadiired VB DISIC RRLNBEIabbe. A
renoved therefrom and the solvent, FC and unreacted

nmosesmerystallingpolysey ts| definedas digolpoey/myingacrystallinity of 4 % or
reaction.. Part_or all of t yner | ean S n be

15 & Pt BEfunil 0B of Mots, Brefirebty J04 SrhpisapaRat dp & o ere,
m i_ﬁ%?eréﬂ&_ﬂf B0t thGRChreferdtly 40080k nfh@\WetbfaBIY 409 or more.
pol ynerization reactor, IT necessary heated, and then
t he r esTih¢ imethods rf thissinventioaayay edised it precessgrawladre dre polymer
unjt. Preferred processes where this inveHIi on, can t%e
usBPTFSTR BPPFRILYC 9Pt odhe ﬁ&e%tcprtaa soipblganidigdhe effluent.

Bt o S AR 3 L BB,
20 hesdlubipzed patyher frgm hionefflaad ic corpehti@iah ydchmigned) these poigmer
C BB PP 8 e dosS P B B e TR BRI SOBLA effuent i ths
hOfRe R St EEG ARG of soluble polymer in the effluent prior to
precipitation can vary widely with amounts up to 40 wt % of the total solution.
Where the solution is a reaction medium of a solution polymerization process that
25  contains polymer produced, the concentration of the polymer will depend on the
extent of polymerization performed in the reaction medium. The concentration of
polymer in the effluent can also vary widely and is preferably less than 30 weight
% based on the weight of a total solution. The methods of this invention can be
performed with levels of polymer concentration of less than 40 wt.%, based on the
30  weight of the total solution, preferably less than 20 wt.%, more preferably less

than 15 wt.%.



copol ymers such as ethyl ene/ butene, ethyl ene/ hexene,
and et hyl ene/ octene. Another preferred process where

W0 bios/00995ent i on can be utilized is a sol ution PEEES2005/021654
process to nake copol yners of23et hyl ene and al pha
olefins with or .without diene ternononers,
particularly copol yners of ethylene and propyl ene and
nonconj ugat ed di enes. Preferably the polymer produced
is al O]?hd:effﬂﬁélwultlhﬂédmmﬂlny\tﬂnﬁﬁlh ﬁ(ableSﬁtairi‘nma o#@nore
%rystallinity as neasured Preferably the
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45 t 0% 7 ol ef i
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t 0thd Bydretarbowol @i is zﬁpﬂi gid 6chremefChydro&iredd. EBikamples of
pol yners which can be |soI ated froma solution by the

5 mesuittebls, wreferably inerhysalvensinekade.der wmpém dlegnlplyriged light virgin

o 5 AR ST L bR 8% bR

S OhrehdrRNn BYitah B 8 seBRit MR ISerinel MipSnthmty %gblﬁﬁné , YiBbseatdn¥, hexane,

have a rreltlng terrpera ure ( m ) of 200C or l'ess, as
mezberand, ibgheRBE, ayxédbutanss; cyolohfxanenedtarie, g@(hﬁtﬂiﬁlh@mrated Ce

" o Snb kb Sha b ERbAS P D s
10 2PRIdA¥d fﬁhé’ pYeféin%aﬁdfﬁnﬁﬁ@ 8 finft AIXFeOUNTS 0PI or C6
pans. The C data are recorded by first coollng t he

saatidmes.t o -100 0C and then gradually heating it to 200
0C at agrate f 10 C'm ngie. niﬁ)l ell S ke go)
0C for NG RRFTATDE PERPEEAng LR “1‘&}8 Hegt5e ?;Veé%}&‘i“

| SsHRAR Beeﬂeﬂlﬁ% £ hBeht thudtocaEn §§§é?lrig 1r9M 18 phbR! Mbher

events are recorded. Areas under the nelting curves

wetempamases @i alsocenhsmes pimsecwpaa’m)m eFurther,hegaroud f usi on
and.the degree of, crystallmt cent

15 T ting pg APy SHRASS B PERE P Kerop nI b SmoHRLo! g
OBtz O efertrl el E 0 Pl propiidsaldh 85 LAY inferfacia
of tehdien amj densitp diffepsncevbgpwoanthe twWo phases. aLesssmﬁcmg/@taincm

to be obtained fromthe Pol ymer Handbook, ur
Eowvtll Gse ﬁsé@msqw@a of jargghionipts ayd ?Faeaseﬁw@terf%ew ¥5R Kk

(2 erf&g%i?a&é%ev oe% gv?/tglttﬂ% %ug@oﬂﬁi I g i%ﬁqew?f V\hﬁf%th@fer

Ion a ene
20  agitation/more mixing contributes to smaller droplets or emulsions and minimizes

mass transfer resistance during reactions.

In another preferred embodiment, a continuous solution polymerization
process is used to produce copolymers of ethylene/octene or ethylene/propylene or
terpolymers of ethylene/propylene/diene, preferably using a metallocene catalyst

25  system, in a single, or optionally two, continuous stirred tank reactors connected in
series with hexane used as the solvent (and optionally toluene for the cocatalyst).
The feed is transferred to the first reactor where the exothermic polymerization
reaction is conducted adiabatically at a reaction temperature between about 50°C
to about 220°C. Hydrogen gas may also be added to the reactors as a further

30 molecular weight regulator. If desired, polymer product is then transferred to the

second reactor, which is also operated adiabatically at a temperature between



The nmethods of this invention may be used in
pol yneri zati on processes that produce sem -crystalline

w@odogiesst as wel | as in polynerizati on processPCT/URENS/021654
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produce anor phous pol yners. -84-anorphous polyner is
defined as a polyner having a crystallinity of 3 % or

| ess, as neasured by DSC descri bed above. A

sem -crystalline polyner is defined as a pol yner
habbmgs08C 66 260°al | Addifighabmohofiferst soivent, menBdeena bhtyly§yand
or nore, preferably 10% or nore, preferably 20 % or
mectvatpisene ba Fidto fimsesendsagior. p s Rolwpesco gﬁa"%ﬂ]&?

f bl y 509 t his..i '
Ll O R, TR Bl Bk BB

ashetsRd pdlgMbdoRrtionrtinaitembdretued b1 dbett 220°CaThe eblutibeis then
liquid in the effluent. Wile the solid polyne

r
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effluent in this invention. The concentrati on of

s dbarplaspaidatower polymsr-sich phasst Theuppertleanphase pantains dhout

cap vary w del it unts up,to 40 % of  the

¢ o e el Bie =olireF o Be RedoraBieren ShpssiBpialf wbout 30
MegldiimR R ipoRmie! WdiRINRONY RNy bé AHES arid A58 $ntb A8 solution. The
cont ai ns pdl ymer produced, fhe concentration of the

pqiof}ymcr sgiutilon despemtbre a lavh pressure sepatstorisissehshichapictates at a
e in.th [ di '

PP pRgALs o shoubt 107 it 2aarresie o Al i SRR bR AL a8
g;ﬁsﬁé&ﬁg oW ?51}51{@ BicB Bhiit6 Mdm IR He LM dlth endheise e

a total sofution. The nethods of this invention can
b epohyan ératontedt tai dbbut B etighoe. pogsanpumpan teritotten efithe flash
| ess than 40 wt. % hased on th ight. of the total, .
sovesgsl Yesﬁ}q%f’%‘b"é’ﬂ 93111 QPR vs?e.v%a‘ﬂﬁ%%%n extruder is
Pr &uflead el Bl o HRANS Vb Ia iR %vh%fefb? olithkd imaRHal 1§
this“invention may contain one or nofe hydrocarbon
s okatefeied té # gbdarung wisioh pesites thetjodtmermeatenial siwengh aseden

P plo Do R BADEIEELS Sp PR el R & S Tl A CHPISBYeT
SES&rYeg Me Sﬂoﬁﬁé} ﬁ?l@@%&ﬁhﬁe aaﬁlgamlk/&ltwgfeﬁtc 18&"han about 0.5
anples” ot suitabl e, y

prefera Inert, solvents

i neéighey,. Pesferaigrdoatrolesathpimiof fladrocargbn isviddgd to the effluent
napht ha, and saturated hydrocarbons containjng fr OIP 3
t ond G $sparatar gad/or thedaw psessure separator vessel. TheTange o

fluorocarbon used is guided by a combination of:

a) The boiling point of the fluorocarbon is preferably higher than
ethylene and propylene so that the FC will co-condense and recycle with the
hydrocarbon solvent, if any (typically hexane). Preferably the boiling point is in
the range of from 0 to 70°C. In addition the FC’s preferably have an anti-solvent
effect, which lowers the critical solution phase cloud point curve making for more
efficient separation in the liquid-liquid separator. The FC’s preferably separate
with the hydrocarbon solvent in the polymer lean phase; and/or

b) The extent of fluorination of the FC’s is such that they form a
polymer rich phase and a polymer lean phase.



propane, n-butane, isobutane, pentane, n-pentane,
i sopent ane, neopent ane, hexane, n-hexane, i sohexane,

worRooedod9st anes, cycl ohexane, octane, and ot herPCT/US2005/021654
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saturated C6 to C8hydrocarboi2s- Li kewi se one may al so
use m xtures of C3 to C20 paraffins and isoparaffins,
preferably paraffinic/isoparafinic m xtures of C4, C5
and or C6 al kanes. The operating pressure and

t exqBfiéd of Budrbcdrbe iR Shoefflucatmuledsythepolihs)-sclhent ptladee
adequate so that the fluorocarbon added is in |iquid
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di doheerdivoekflash tankevhent s ficient gmeyakof flussecarbon is used.
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of ethyl ene/octene "or ethyl ene/propylene or
t expaionsghs ethflent, iyghenalppa-ojpfinemd ndnenrjugatieé fieng breyadded to
using a netall pcene catal yst..system in a_ingle, or
o PR FRRII 19 MBI A LS RV LU S ROsH o L g tgprgtymter. One
¢ Ll | ' 1S. piedo; 26 Gh\i§ b ferred
SR8 TR MydmaLs. PRSK, S chapitne
i serhicRimbety 4 epdlgmerhie pfépastd bydr adsiingvoer first teactor solvent, from
exot herm c dool yneri zation_react] OE i s ¢conducgt ed

achbeBhl§ o9 Rerégnt by weteht phthe fetplriidens dharss, Hampbapiuth to 100
5
¢ o P Sty S B ora G AERA AT BT, ROnPIGBLSPE, 100

ok

| fpedesit b theigho b/iie totpl Lidglet-Naia tdtalystichargsf fomaetiottd0tthd 00

second reactor, which is al so operated adi abati gal |y

atpeacans hpaveight, pEths éatala sansglimisumcosgalysfsherge and non-

Addi t i onal ..1mon . .. met.all :
PP R OBty Bl Bftizii B G 6 g S Rk Hgher
p%lylﬁ@bleﬁﬁ Rh& Blent BtbiGrst Rects LA hPabngsr cement (polymer

preferably from8 to 22 wei %ht percent. A heat
the reactor contents including the polymer

e xdibehepdrin thesgplvent); (3) passing
cement from the first reactor to a second reactor connected in series with the first
reactor; (4) adding ethylene to the second reactor along with an amount of non-
conjugated diene such that the resultant polymerized weight percent diene content
of the polymer from the first reactor is at least about 10 percent greater, on a
relative basis, than the resultant polymerized weight percent diene content of the
polymer from the second reactor; and (5) further polymerizing the ethylene, higher
alpha-olefin and non-conjugated diene in the second reactor. From about 50 to
about 100 percent by weight of the total non-conjugated diene charge is added to

the first reactor, preferably from about 80 to about 100 percent and most

preferably, all of the non-conjugated diene charge is fed only into the first reactor.



heats the polyner solution to a tenperature of about
22Q0C. The solution is then typically conbined with
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a Lower Critical Solution Teffgerature (LCST)
l'iquid-liquid phase separator which causes the pol yner
solution to separate into two liquid phases, an upper

| ean phase and a | ower polyner-rich phase. The upper
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whi ch have a fi nal vent content of |ess than about
0. mdvaeomhitic B&dr&aebmmweptsaoﬂmhgwhké atersivms of sush solvents. The
fluogrocarbon is added to the.eff] uent .
& aleRE R SOSP B1E RO IONET G PRAE B bl cpaing urated
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propyl e e so.t he FC w 0- con e.and, recycle
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sol ution phase cl oud point curve nmaking for
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forma
hydrocarbon monomers and solvents. Preferably a controlled volume of FC

component(s) is mixed with the polymer effluent just before, or just after it exits
from the reactor. The amount of fluorocarbon in the effluent is such that it
induces a phase separation of the effluent solution into at least two distinct phases,
a polymer rich phase and a polymer lean phase.

The polymer lean phase created by the phase separation contains a
relatively high concentration of hydrocarbon materials (monomer, comonomer
and solvents) that have been effectively extracted from the polymer by the action
of the FC. The polymer rich phase created by the phase separation contains a
relatively high concentration of polymer, typically 70% or more, with a

substantially reduced concentration of dissolved hydrocarbons. The polymer



pol ymer rich phase and a pol yner | ean phase. Addition
of fluorocarbon into the effluent nakes the

w@ologerssol vent phase separation at m | der coPdi/UBZNS021654
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fl uorocarbon added is not sufficient to i nduce phase
separation. The process can be also sinplified by
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(4) adding ethylene to the secog.d.reactor al ong wi th

arFrabdiRentohe AaAbEHE Bght Bae Edisabmdinier. Pyrkyas
resul t 4Rt BRALY b nt RlcHRlyREARA] 1HiRARUEILARIG rfim

the pol'yner tTrom irst reactor st about
10epperaring (3PER pesferably above308T,i prefetzdi shovt BATC, tpheferably
resul tant pol ynerized wei ght percent di ene content of
t bopdlYfer from the second reactor; and (5) further

pol yrme rﬂoﬂnﬂgrs &)Pc?du%@ Xécgﬂﬁng £l @§hvention are olefin polymers or
"polyolefins". By olefin polymers is meant that at least 75 mole % of the polymer

is made of hydrocarbon monomers, preferably at least 80 mole %, preferably at
least 85 mole %, preferably at least 90 mole %, preferably at least 95 mole %,
preferably at least 99 mole %. In a particularly preferred embodiment, the
polymers are 100 mole % hydrocarbon monomer. Hydrocarbon monomers are
monomers made up of only carbon and hydrogen. In another embodiment of the
invention up to 25 mol% of the polyolefin is derived from heteroatom containing
monomers. Heteroatom containing monomers are hydrocarbon monomers where

one or more hydrogen atoms have been replaced by a heteroatom. In a preferred



al pha-ol efin and non-conjugated diene in the second
reactor. From about 50 to about 100 percent by wei ght
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the first reactor, preferabl3y28rom about 80 to about
100 percent and nost preferably, all of the

non-conj ugated di ene charge is fed only into the first
reactor. (For exanple, where the resultant
nosmisditheigathe tetdioarsm cxoseleetekd from theegrpap yomeistifig oficlilbiene,
first reactor would be 6% anpd_that fromthe second.

r daemdie, SHeeRatrpRa, sigRn A ?L@fuérn?%feﬁ%baﬁhé ReleRgimR it

of I e 9% N30l e
el i R O Gont S of e el Perk R

P alr¥feRiblyZ it heterdadsn eefectdde tlederbiie casiitiag b oofgeh had
second or subsequent reactor is discharged, the

palitragan;, prefaraly pyygen; dmaprefemed embedimenfethedsteresion is ot

R R T R S

I §trh@iveliiald mtt ElubRAbéndrseref FRetdnvehohis ibdefidédrodR can
be used in conducting solution polynerizations in

adudratarhos mgnomerhwheneas east anghgdrogenatomotasdgremgsiplaced by a

i t abl | d.b b |
o iR o R et S peLYLRE B T X5 B
S QlolRérPzed Afe MR hAREHoAkrY qBYIHAdionfed & nsMit ¥@tScarbon

The preferred solvents are Cl or |ower, straight chain
ormbnemervderetdeast osabyirogencdtom dy spkeebbisa hdogen.)Cln another

saturated al.i.cyclic. or_aromatic hydrocarbons or to.C
AT PEEiPBOE TR Gier P B AT e oS!
| o hatiShyRbGons 1 1if AfitRer @b ARG 8F1He iR dhtion, the monomers to
hydr ocar bons, particularly hexane. Nonlimting

ih | Beustlyragrized amqam&r@fiy aliptsitit veaticyche lﬁbegc%tbml,s (pedefned under
oy e rsprae  Hav Y CharuRa phacal HPRS. i sitoark

'Cf’]l‘r)é?ﬁg BEToHASRNTE N Shd SHSURER York! £998). FhUnRfiRE 8fBbdiment of the

or obehzenes, tetrachi oroethyl ene; di chl or oet hane
anidvéntioahthe nmabherssto bieipolymaizedbrdirefersblyt uecae Of brapcited

e ST N TR CT N TS
A IR ISR o, SOt M

j usentdneflaxene, beptenes beehé, aonere, dudehs, tndecant hivdeeme; ar .
The, anount of fluoraocarbon in the effluent i s such
t Haixtyres {hereqb aRorg PEaeblyciindens: proryishe.tytengexengfnd octene.

sol uti of Jhfer &ﬁbc&cﬁﬁ%ﬁt, e riheth k&ﬁ&inﬁ@qﬁg fluorocarbon is split

into streams, such as hydrocarbon streams, and or waste stream and activated

carbon is used to remove the fluorocarbon(s) from the streams, such as
hydrocarbon streams and/or the waste streams. When using fluorocarbons in a
process (such as a polymerization process or polymer recovery method) it is useful
to prevent the escape of the fluorocarbons to the atmosphere. It is also useful to
prevent the passage of fluorocarbons to the flare or other combustion process.
Specifically, in some embodiments, activated carbon is used to remove the

fluorocarbons from a gas or liquid process stream.



a polynmer rich phase and a pol ynmer |ean phase. The
pol yner | ean phase created by the phase separation
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hydr ocar bon materials (nononmgl®- cononomer and

sol vents) that have been effectively extracted from
the polyner by the action of the FC. The polyner rich
phase created by the phase separation contains a

rel ati vil anothegbmbedigent, ket dctimated cpbbiy weuld teysed ad thy
70% or nore, with a substantially reduced

c oahserberiampisHaldp adiressaie,Svang WeseipLen A mreess. A PSA process
| . QIS _ .
PSR TI  ab O5F Y DI PG e

t eAioE dbMAR), addoBsin®malkabiomalie doatteh RetileftAc bibesSopehites
relatively |ow tenperatures the polymer is in soljd

f opfifaling fattredused pepssureddn s geganecmbiopr Bwdes Whgn thsadsorption

d A CHEESTRETS ! l .
or et of BE B e Bt P refthet Bl o e b BRPE IR T mich The
anMtePhatinB @yé1ed HMBIsipFadds @ ProRidR GRS FrebiRwty Ldiftlub@y RivA pathe

a continuous process. For purposes of this invention
andiraugh thee spistem, tahé p sortinuoys restviahelbeestajnscomppnents from the

o SPB st Gt et FanpotenisdBat SmebeiRadRR Sy ukluctvated
CORhdH) bish RTROASErHoRs )P TR UG BePpBRLIRMbIGMId: RencARBing the

where the reactants are continually i ntroduced into
onactivatedwarbon éaratoovalad dlupticgrens fromduprocdss stream, a PSA

o Sl e ek Siep et Spestgiet SCy e B Tupio i mRed
polle)i_ﬂﬁﬁt}naﬁfd 1EQAMRE hBhidid A Neddd ﬁfe%@z@t@hﬁ% ivlRe components as

particularly not the conbination OOTiC4 and al um num
al sophparedioha mecdss stetany bflydndaathons wpthoti fudracdryonsh émanother

the FC is erflu carbon. In. situations where th

C oRafeptet! SDoRTreRh A BSA SYSTh U bades Ry R PRI stepd
cohi . T - .

P L9k e AL U BT bl i
hyflu@btarbsredfeonh aprodess sirrathmcompheditore ptocesshtreaimtod] y st

is not a free radjcal initiator, such as a peroxide.
| nhyshoragams Stheut Heecarboie pol yneri zati on tenperature

is abovgjl %@%@U@%@&&iﬁﬁn f ctiv%ﬁ@ﬁ%@@%&@@%’ £38&y

prefera preferably above
“guard bed” downstream of a primary separation system. The purpose of this

guard bed would be to capture any fluorocarbon material that may bypass the
primary separation system. In this case, the advantages provided by the activated
carbon would be similar to that described above with PSA. The size (and cost) of

the guard bed could be reduced significantly.

Examples

An ethylene/octene copolymer and an ethylene/propylene copolymer were
made according to the following procedure. The polymers were produced in a

liquid filled, single-stage continuous reactor. The reactor was a 0.5-liter stainless



Pol ymers produced according to this invention are
ol efin polyners or "polyolefins". By olefin polyners

WO 2006009951 t hat at | east 75 nole % of the pol yneeT/0S2005/021654
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made of hydrocarbon nononers;30preferably at |east 80
nole % preferably at |least 85 nole % preferably at

| east 90 nole % preferably at |least 95 nole %
preferably at least 99 nole % In a particularly

pregdet hiteclaesrhadionrytippedwithalsjifrer, an akerrkd Orateplceoling/steam-
hydr ocar bon nononer. Hydrocarbon nononmers are npnoners
nehweting clementivigh e semparatarecroniallegand a pressippeqniioller. Solvents,

o PGB E ol ocrby S R R ST R &) e twoueha

ét' er oa

MyARERO A Hef QbR BYE&A! ThehigficHion BRiem @bksisted of an
hydr ocar bon nononers where one or_ nore hydrogen atons

ha@Oxiclsereplvmp (Moddl HRGR-RESEP Famphabclegr)followed by a 5A and a
denmbodi t he .het t N I d
P L SRR, Tl LRSS B R, S

Ni §3Q8#on &dllinGe Weﬁl@%éﬁéﬁtéﬂ perfddRARY dMbkNevieNthere was evidence

heteroatomis sel ected fromthe group consisting of
oxofdewer avtivitp gépolysietization. dhd regehération peeeariadpyt under

oy Gt et PEPEgRes PePar B 515k HEREtvES TP i
e @&W& use%dha% r[g@eg‘gdpat omis not fluorine. In another
od

e Il ment of the 1nvention, the nononers to be
pol ymerTheelilquad éeedoto the veacton (sodvent snd ¢dnu@roorens)ovee fedant a

defined to be hydrocarbon nmpnoners V\qere t..l east opne
hyrgpenandeidn Fhyens{rom s g&ﬁauswuap V%ﬁ?%?f%ff Wﬁe I'n
gﬂgm?&d s@ggg '&E&‘RaggolﬁlﬁﬁfémﬁﬂEﬂe%ille%ihﬁlug@ﬁ%ﬁﬁfesintt&
e polynerized are not hal onononers. ( By hal onbnoner

i SmaE&Nd. Théydetocaesfizolveny) noidmenfaed eombnormastasdinether chilled
hydrogen atomis replaced by a hal ogen.) |n another

erfoabipwerlt °6% by passing thrprghonchillerdefars beweded mtgythe reactor

olvneri zed,a n in aromati.c h ) .
P i eh ez Ben Al id BoF Rl s e B AR Rnelg using
bepRekyREd AW nidiés BF BfiebabiorACoRtat-iype BbwahéteC The
hydr ocar bons (as defi ned under "Hydrocarbon” in

Heathgynesfl @ o mestetedCHaenghe Bioks mesmflgw comralleadi t i on,
RJ. Lew .. John W d S K, 1997).
" anot b R SPMBRRIL TN RES oS e e

todiﬁﬁttg@iébea@ﬁéa%&ﬂwﬂﬁ 8 hehghhifinkhiniear or branched
al pha-ol efns, preferably C2 to C40 |Iinear or branched

al tetrakis(pertafisorophenfybberatey(ol@ained from Albemarle) at a molar ratio of

1:1 to 1:1.1 in 700 ml of toluene mixed for at least 10 minutes prior to the

polymerization reaction. During reaction, a metering pump was used to transfer
the catalyst solution continuously to the reactor. The contact of catalyst,
solvent/fluorocarbon and monomers took place in the reactor. The catalyst pump
was calibrated periodically using toluene as the calibrating medium.

As an impurity scavenger, 250 ml of tri-n-octylaluminum (TNOA) (25
wt.% in toluene, Akzo Noble) was diluted in 22.83 kilogram of hexane. The
diluted TNOA solution was stored in a 37.9-liter cylinder under nitrogen blanket.
Feed rates of the tri-n-octylaluminum (TNOA) solution varied from
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to C20 linear or branched al pha-ol efins,
et hyl ene,
W@ et0e/0e995nhonene,

m Xt ures

but ene hexene and octene.
ef fluent containing the fluorocarbon is split
such as hydrocarbon streans,

SaieratoRfdat v Rttesdiolangifg fivarl0 (1o soavenger)ttdd ml per

streans,
St

propyl ene,

t her eof

but ene,
decene,

pent ene,
undecene,
nore prefe3ably ethyl ene,
| h anot her enbodi nent,

dodecene,

and or

preferably
hexene,

hept ene,
OPCT/US2005/021654
propyl ene,
t he

into
wast e

s Lw:mwé@f £t lgagt

fl'uorocarbon(s) fromthe streans, such as hydrocarbon
s tmisates imendenio aptieniaptheeveratlsaidlyst ¢iigiFnesi ng

o oc o el G S B PR HIEE B (2.

proces
p r&x&*«&g ahd &a@&?@e ehrBfigh {he rddctép kpgah Bems 1428t éddchour at a
at no ere. Is also useful to prevent the passage
ofmzfuhmonm:lhxvtudrtsmpcratdn@(abbwléoﬂﬁ) oAﬁ@rclwntaaﬁta regctor was
proceﬁ; Specifically, in sone enbogan% tlvated
c dresish/ cpalet i therdssirehispperRES 9113 Mg
or

il i BAARTRS T ERToR 00 WRpreasie S%‘?E%‘nf?"ﬂ*@s‘ﬂm
mefl@y.i Monbmess dad eatlysesdbutiong wais thep tfecbimtc( M8Myacprologsitiate
A PSA process enpl oys, at | east two arate a%gprptloqand

droliyperizapi é&%ﬁ%}ﬁéﬂﬁ%%@ﬁ@ G W ag Bysgip contro
oﬂﬁ%n&%ﬂ‘p%Fa ?%1 %tlrtgrgb eﬂéf %ﬁ&%ﬁfdg)%n:agt@\{nyewas

fcmm[eﬂtb}mbsemtﬂ@ls dﬂhemcbhsapmdm:t rapd Iadmwe:apmpemmr@bf
the active colum is reached, the role o col ymms.
| swepteﬁésé@% guxtprRinghe ERARE 1agket ég]ércegn% pxqt ?rgﬂ‘fo A abieaction).
ncedcﬁ? A8 \S{ﬁg és‘fﬁh%éh&lo&td' s%‘cgﬁﬁsre&%hg&v Ft@@&e}hstﬁtg Ak elctor was
contl nuous renova

C qlfﬂé@ RRObP nfafr@ﬂhiﬂ@&hé by wens tifiden the(dstabhsheld@ﬁﬁdmompfm a titnss
that are strongly adsorbed by the activated carbo
gitigens e megn rehidencsin Hhesieastpte dlhe resulting

wh
RB0E S Pkl B p Sible B Eti A al Mers vag,

SY&Hl%&b@fn Ac@ieé86n 5HZ ETEOIRctep esrables wate frst sildeiedlin a hood
cycl e frequency for inproved rellablllty and reduced

rretotmmqrab mustof e selvents end han dded il a/ eacuBmRyse At stegyperature

O BrapRic ey ToRErP - e aBar RoHE e Lo bled

B B
r egiosrain Trble E1.
Table E1. Polymerization Conditions and Polymer Properties
Ethylene Propylene | Ethylene Octene
copolymer copolymer
Reaction temperature (°C) 80 100
Ethylene feed rate (SLPM) 4 3
Propylene (g/min) 14 0
Octene feed rate (ml/min) 0 16
Hexane feed rate (ml/min) 90 80
Catalyst feed rate (mol/min) 5.05E-07 1.01E-06
Yield (gram/min) 10.8 10.0
Conversion (%) 58.5 67.4
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fl uorocarbons froma process streamas conpared to a
process stream of hydrocarbons w thout fl uorocarbon.

the activated cebUR05021654
used as a safety "guard bed"-3downstream of a primary
separation system The purpose of this guard bed woul d

be to capture any fluorocarbon material that nmay

bypass the primry separation system In this case,

t he @@qu@e%)pr ovi ded by thasa;tgtlvat e=d car B8 woul d

be s o—tthat—described Si 7@
(and tg?qm] the guard bed P?\???ﬁbn :duceé %

si gniMw ¢glmolly.  Exanpl es

An ety 78Re/ oct

ene S0p&0yner

and m@rﬁml)ene/ pr opyl en

e coplcgloymer vet

e made,700

aCCOM to—tte—fottow
wer e WM]rpd in a liqgui

e St ng

ll(:‘ pUIQIiTEfS
e-Si agn

cont i nuous reactor.
aut ocl ave

st ai nl sg t eel

slﬁg@l‘@i—gn ext er nal
el emrent with a tenperatu
controller. Solvents, no

react or,

re controller,
nomer s,

and conpbnoners,

The reactor was a 0.5-1iter
equi pped with a
wat er - cool i ng/ st eamheat i ng

and a pressure
i f

presen tTwmgnamsqu st ethylend/progylsypecpslymeprtaro digeolued

LRty Ta P SRt S o 2 s Thérpimppr
%?19% SR kppal ﬁ%bntﬁﬁﬁé@ﬁ‘@cﬁn@)bbﬁnﬁ& R Mic@ Care Co;lporanon)

ar Si’evé col ums (purchased from Al drich)
5 Avasrgtaddallp added intat the pokyolen seistiowe r Afteraagdiimmanfale HFC a phase

D SEPREGH St SIGHER Mas bR e AP B s PR GDserved as o
lﬁ%a@&bs@ﬁkd i R YoRbE 18er @ the vial.

26%%%& géﬁgf%%gﬁ{esp ctively. The Oxiclear colum was

usHe miymeaihphdse Wheinl theifiroh dfeeetspitabed frdymera CRhsrprecipitated

(soI vent and conono were fed jnto a
meRLABH Y ASERIRYESADY St ﬁzl%han%bﬁah @qﬂger were

eIJ f qd to the nanifold as a gas, and was

solequl I'zed with the chilled liquid mxture in the
mani fol d. The m xture of solvent, nononer, and
conononer was further chilled to about -15 C by

rough a chiller before being fed into the
reactor through a single tube. Al liquid flow rates
to the mani fold were neasured using
About 100 ml of the ethylene/octene copolymer effluent from the reactor

was collected in a glass beaker. About 30 ml of HFC365mfc was added into the
effluent gradually to induce complete phase separation/precipitation. Phase

separated/precipitated polymer was recovery by filtration using #5 filter.

Test methods

Molecular weight (Mw, Mn, and Mz) and molecular weight distribution
(Mw/Mn) of the polymers were determined using gel permeation chromatography
(GPC) on a Water 150C high temperature chromatographic unit equipped with a
DRI detector and four linear mixed bed columns (Polymer Laboratories PLgel

Mixed-B LS, 20-micron particle size). The oven temperature was at 160°C with



Brooks mass flow neters or Mcro-Mtion Coriolis-type
flow neters. The ethylene flow was netered through a
w®e@okeoonnss fl ow controller. The catal yst conpo/ns2005/021654
used was rac-di met hyl silyl bi s¥xdenyl haf ni um di net hyl

preactivated with N, N-di met hyl anilinium

t et raki s(pent af | uor ophenyl ) borate (obtai ned from

Al bemarle) at a nolar ratio of 1:1 to 1:1.1 in 700 m
of tht aliteemaplet k&dohest Bi0°C ead thehfarm zont as 141°CorAHoat 0.Beveight

T M
¢ 0.?‘,%1&-‘{%;&?;115&-ﬁl&h&@ﬁeﬁoﬁa ghé’ Fow 138 v&egrlt. @ﬁﬁ]lliﬂier&ﬂhﬁ{e%ﬁ& the
sol’vent/T1°uorocarbon and nononers took place’in the

r eidgdctibn sikb e MRt@lcyslitepunp Was cal i brated periodically
using toluene as the calibrating nedium As an

5 i npur i t Peakaneltingpeint QTlsm) and nepk erystalizgten feapgratirg il c) were
T (25 Wt . 90| | i d i
b Syt 5 P hl BRRea i 20N o AR B i) |

Wepi fidreMtRY sdafinihg S4lofinletri DSV dabehwhs sbisiaed fdihg 8TRD
bl anket. Feed rates of the tri-n-octylal um num ( TNCA)

s olngfrmenty gradel2F10ongsbingneamplas weighingappraximetgly 7-10 mg were

i aiegan R e P ppleds DS BN rerorded oy P Sboting the
10 ef §dnfl1&RF0 °EhBd HRAGr Aualf BedtinsSt t00820eH alRfte of 10 °C/minute.
conti'nuously punpi ng sol vent (€.g., hexane) and

s cHvesagwle tas kerglat 20(°C foaStroinutes befone & sscond codngtheating
hour  at a Xi al | qwed f enper at ur ahout 1500).

AF DE1C RSAPR: lﬁé,”ﬁ?'}béh? g@fmﬁi sefad pels @a'/(ﬂeaggms Warf)t 1rgorded.
degi i t j Xt j
AR TDPLS ul BAp A R o b o
pr fasouraad the degesentficotstatithigcdcoendting tooAS TMOIVHITEYS Hiedpercent

catal yst . solutions were then fed into the reactor to
15 i nerystaligity iay felpilzied vsing thiornBnirsamdsnibe cupvgtoules/gram)

co i '

;e (RS SRR, NAEO ) & GO BEARNE SRR Bk er of the

acinbjor inonvasr cehgonehi) ECheby valheseioy BtaroRebedbtained fomuke

product and_a | ower tenperature of water/steam m xture

i nPelaer Hardhopk, BpurdEdition peblisheg bytehmBiiley and Saps, Sfew
r . r i 0
Cy SO R0, AR PERIFEN O YRR R TR TR 100%,,
20 bycri@hilibabolyp@phlege.syst em under the established
conditions for a tine
The glass transition temperature (Tg) was measured by ASTM E 1356

using a TA Instruments model 2910 machine.

The ethylene content of ethylene/propylene copolymers produced using
hydrocarbon solvent was determined using FTIR according to the following

25  technique. A thin homogeneous film of polymer, pressed at a temperature of

about 150 °C, was mounted on a Perkin Elmer Spectrum 2000 infrared
spectrophotometer. A full spectrum of the sample from 600 cm to 4000 cm™
was recorded and the ethylene content in wt.% was calculated according to the
following equation:

30  ethylene content (Wt.%) = 72.698 —86.495.X +13.696 X
where X=AR/(AR+1). The area under propylene band at ~1165 cm™ and the area



period of at least five tinmes the nean residence in
the reactor. The resulting m xture, containing nostly
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in a collection box. The col F¥eted sanples were first
air-dried in a hood to evaporate nost of the sol vent,
and then dried in a vacuum oven at a tenperature of
about 90 C for about 12 hours. The vacuum dri ed
s aofiteenebamdue ~gikent dn thetspeatrupoivgresmalopiad sSTheThaseline
reaction conditions used and pol yner praoperties are
g| ipgsgratipnrapgestorfhepnethylene r;@climg Ewwa&llﬂﬁ@n 695 cm™ to
-1 [

et Yo gAm%&L&p%ﬁg SRR YSTBh ! WEELHA I3RS BN Rl Hadeline
Tham ﬂ;aegfduoafraﬁgeﬁs a5mfally o 1193,t3-1peetaf’| WR Bithé satie,of the
obtai ned fromMcro Care Corporation) was_gradyally
adwred farihepeakeat pél@ﬁma spthgeregpf thy peak aauafz ¢Bn of the
HFC a phase separation of the solution was observed. A
pol ymer rich phase was observed as a top |ayer , and
poAMaEibnilgAInEse was observed in the bottom |l ayer in
the vial. The polynmer rich phase was in the form of
preci pitated polynmer. The precipitated pol ynmer was
re overed by filtration and about 1.9 granms of pol ynmer

MW@ dver ed. Exanple # 2 About 100 ml of the

ethylene/octene copol ymer effluent fromthe reactor
was collected in a glass beaker. About 30 m of
HFC365nf\ceriasoabdergtipm experiments fungevare g@la@g@ﬂlny asigple, lab-

o BarprEsiRea: be SorDRu SRl aflgy ope e
fi ddifvaiel @Arbef ioBehirtd fdn h%ndoIe $he BBoRREbh MMPhEGY Rére
wei ght (My, Mh, and Mz) and nol ecul ar wei ght

di measubed wish bottkpes offictivatedmathmeisingbree diférentrtyprs of
St o CE e G & o e DO R B0 B aflhese

Wi blpefinleRls A2 URAHOL BB TaMI T | near i xed bed col ums
(P

ol'yner Laboratories PLgel Mxed-B LS, 20-m cron
parti cl Ehsalsejptiohlvelunuewas 2pectaill Tm)d3D atainl &8 6Eel tubing

thih I hot 1 h
\émowg é{g V%lgi 8%? g&sigl{g s%e 2%‘&3 E/&ﬁl%lch ? 1%)7 cn%rlgalltlles% s\{\é% tubing was
9 7/8 inches long (25.1 cm) with an internal diameter of 0.430 inch (10.9 mm).

The column was packed with one of two types of activated carbon obtained from
Calgon Carbon Corporation. The first sample was described by the vendor as
“Calgon Activated Carbon, Type AP4-60.” The second was described as “Calgon
Activated Carbon, Type OVC Plus 4X6.” The AP4-60 activated carbon was in the
form of cylindrically shaped pellets, while the OVC Plus material was in the form
of flakes. Both of these carbons were crushed with a mortar and pestle to a
smaller size to fit inside the absorption column. The crushing reduced the average
size of the particles or flakes to approximately 25 to 50 percent of their original
size, with some fines. Glass wool packing was inserted on both ends of the
column (next to the valves) to prevent any carbon from entering in to the valve
areas. The HFC-245fa was obtained from Honeywell, as marketed under their
trade name Enovate 3000. The HFC-236fa was obtained from DuPont, marketed



% of pol ymer sanple was dissolved in
1,2,4-trichl orobenzene containing 200 ppm
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milliliter/mnute and the i 36¢etion size is 100
mcroliters. Peak nelting point (Tm and peak
crystallization tenperature (Tc) were determ ned using
the followi ng procedure according to ASTM E 794- 85.

Diak iSeneatBefa. St ¢d34aivas amattomotivdiaie nhateaialyamrketed as
obtai ned using a,  TA Instrunments npdel 291Q_nachi ne.
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Firot " einetRRROGRARas G yiftpe Wo001 RoRT Aebie

heahiafi@r throtigh 268 Bafled 4o thathettom cf@hdCibsbrptiod colliith. Between
sanpl e was kept at 200 OC for 5 mnutes before a

s dboerlumpeni e HEGtspige expes avapatamgiers (e islieating devices).

figs nd se cvcle t vent. renr .
R R R e G o e
t Qre@iR! MhegotahRtdieNbreQirah s iﬁ[F)aﬂim@l fohgoviae b Eewofange of 100
crystallinity accord ing to ASTM 3417-99. The percent

c rykmizl of airt atyatmesphere presare dThe adtepl fleay rapearof the rotametgr
nder th I B | es/ *
BB aF S T ARRE TSR ol . FRL AT hinepn v

of ot i BbRhIRAVIRK TN RENEMg mélhOaEthvpdrd ellli@own ia kg
to be obtained fromthe Pol yner Handbook, Fourth

Edirt) Om, thpeit sidh edthsyabsaspionydleamnami isdnd.64un) hiasrwas

1999. A val f.189 J/ B d the h . of
f dirsd Bt sei) selie REHP T R VB Ren g Ste beaker
t sy fcb OTht RMISH @b b sthihlks YRS tHBIAS HEted adY camdEMekto liquefy
1356 using a TA Instrunents nodel 2910 machi ne. The

et(and detecty Sndrecarbod gast doylieg &owrtbe gheonsicnopbingmetke
produced usi hydr ocar bon. sol vent determ ned. ..

LIRS tESHTRoR S cARaREeR Rl A VPRl Ky e AR i a fume
thigagh @HBQI%Q%?H ﬂérf, %ﬁé@v&%hmltﬂé@ﬁ%thbﬁﬁ%ngiﬁ{ gl8ss wool and
tenperature of about 150 C was unted on a Perkin

Elwvabves Bpectveighe® dDrecorfledasttic sare wieighp hthoodtmn wab Waighed

spectrum qf the sanple from 600 ¢cm1 to 4000 cm1 wa
r €SSt HisrdfHional RgivaiRd @Efe dkheicrlvfRn wagen connected to

Cah& H-ALRT e ‘ﬁﬁés@ LA@ fihGotf6on (as a gas) was passed through the
adsorption column. The flow rate of fluorocarbon was set at an indicated 25 to 30
ml/min on each rotameter. Initially there was no fluorocarbon condensed in the
coil, indicating that the fluorocarbon was being adsorbed by the activated carbon
in the column. Flow through the column was continued until some liquid began to

~ “gspit” out of the end of the condenser. This indicated that fluorocarbon was no
longer being adsorbed by the column, and the limiting adsorption capacity had
been reached. The flow of fluorocarbon gas was allowed to continue one more
minute to ensure complete saturation, and the flow was then stopped. The valves
on either side of the absorption column were closed and then the column removed
and weighed. The increase in weight of the absorption column was taken as the
weight of fluorocarbon adsorbed. Upon the completion of the run, the valves were

removed and the activated carbon was poured out to prepare for the next test. No



wW@e@pph®se band at

10

foll owi ng equati on:

et hyl ene content (

86. 495X + 13. 696X 2 where X=AR/ (AR+1).

w.% = 72.698 -
The area under

~ 1165 cm 1 and the areaof BPCHYE®O®021654

band at ~732 cm 1 in the spedbrum were cal cul ated. The
basel i ne integration range for the nethyl ene rocking

band is nomnally from695 cm 1 to the m ni num bet ween
745 and 775 cm 1 . For the pol ypropyl ene band the

base kdlese and obstregnahdrospeng@e rersovingtiralalvesf indivatirigiat the

to 1126 cm1. ARis the ratio of the areaf
atfluoraepgmndnitially gdioeedeusiag She terfe rpaaRedidso

%Qtog%lqactlvated

Addi t| onal Exanpl es Exanples A series of absorption

exﬁbr imental runs were conducted in a sinple,

colum to determ ne the absorption capacity of two
different types of activated carbon obtained froma
vendorTabihke Astivaed Cathenshsammtion Bssylis Withdduerpeatbey ¢HC)
both types of activated carbon using three different
HFC- 236fa, and

types of hydrofluoro

carbon (HFC-134a,

| abscal e

HFC- 24065 ahiedResUlI ts of thé¢se experinents Wi wWNn | | Wt. of Tube
Taples | and p The absorption col um was a I nch

(1] 2 WanporCLyrst aj nIKsTyps eel tHEng/ vvi t Tk, wé yalves § edw/ Carbon
one+ther——side—~rthe—2—+eh A—statl-ess—steel

tuping was 9 7/ 8 inches | ong c?lf)" vvith(g)n (®

I NTRpAgy di amet et ?ﬁﬂd“ I'NCR 34 10. 9 |nm) . 3dNgy COl UM 406.42
was packed with|one p types of activated carbon

obt aAiPassd f r om CalRgid#aCar bon Corl9@r ati on. TB®4.4%r st 406.74
sa’T‘nl e vwas desctibed by the vendor as-“Cal gon

Ac A\Pét@d Car bonHFf%z%@fAle 60. "15%he secondg%’ta\@.1 407.14
des N ated—-Carborm 1 cPrus

4X6 Uv#ﬁ@ AP4- G)T%kq ?%ed carb1 was inyf %' %/rm of 405.10
cyl OVl PRl TY shapeshapel [ ets, whopl e Bﬂlte OvepLhais 405.68
material was inlthe form of flakes h of these

caf OMGPlwsr e cr ysiEH24hthh |a norlBdr and pes8Pb4io a 405.65
smaler—size tol fit i d t+he—absorption—col-um: Fhe

T ||o| A% AV 8 IIC U.LIQUI |JL

crushlng reduced the average size of the particles or
flakes to approxi mately 25 to 50 percent of their

original size, with sonme fines. dass wool packing was
i MEgl¢ Bd on both ends of the
Wt. Wt. of Tube FC/C
Activated Wt. of FC ) FC/C Molar
Carbon w/ Carbon Ratio by _
Carbon Type Absorbed ) Ratio
& FC Weight
(2) (2) (2)
AP4-60 12.12 412.75 6.33 0.522 0.0468
AP4-60 12.29 410.93 4.19 0.341 0.0401
AP4-60 12.73 413.81 6.67 0.524 0.0414
OVC Plus 10.64 411.39 6.29 0.591 0.0467
OVC Plus 11.24 410.92 5.24 0.466 0.0549
OVC Plus 11.20 412.39 6.74 0.602 0.0539

The above tests indicate that the activated carbon materials had surprisingly high

adsorption capacities of between 34 to 60 percent of fluorocarbons by weight as




colum (next to the valves) to prevent any carbon from
entering in to the valve areas. The HFC- 245fa was

wobacaiosmmdl f r om Honeywel |, as mar ket ed under t heCT/US20881621654

10

nanme Enovate 3000. The HFC-236fa was obtai ned from
DuPont, marketedas SUVA 236fa. The HFC 134a was an
autonotive grade material, marketed as R-134a. These
materials were used as received wi thout purification.
Thadichte® i0Tas180nddE Bidsamedpreferred pmbbdiment, thovdnt biremms
its holding container through a line that led tq the
bdtams mpsecesheouidbbepysified{1.edlupsecarma rgpened) e thorsipead
and th C.sou f. .

s ofgu RO et iR rBARY B Sl bt acivated cacbon
0fped@n Blhy#iioBarBbn piocesdt 2 1.1C at at nospheric pressure,
The rotaneters were arranged in parallel to provide a
fl ow range of 100 m/mn of air at atnospheric

RS A Ry R,
! hﬁglﬁ&fng%h¥ Fﬁ@ﬂ‘fyrd@hﬁnéﬁg aR@oPRbRig\RecddufR) tAREs apparent from

indicated Tlow rate using nethods that are wel| known
i rthe Fgegning yeneral dbssripsion and the spécifihembedimeptsi while forms of

, i n¢h 64 [ ) di do
c ot Ten Gy et oSty Sd hnd GSHER VLS HERarRRs i &
Wi W Ah R @St fr8inMhé §frit AluEscepd bit 86 ifRhtiof Accordingly, it

stainless steel tubing acted as a condenser to |iquefy
( andodiatended that the iveatibobe huuted therahy. fkikawishehe term
absorpt.i.on col um. The downstr end of e gandenser
c O RPRES g ot o] REORTBIHER s, feladigh SO Bapees of
Pr i : h run, the weight of the enpty col um
(W??%m%%é§§&m00| and val ves) was wei ghed and recorded
as the tare weight. The col umm was wei ghed again after
the addition of activated carbon. The colum was then
connected to the feed and exit lines, and fluorocarbon
(as a gas) was passed through the adsorption col um.
The flow rate of fluorocarbon was set at an indicated
25 to 30 mM/mn on each rotaneter. Initially there was
no fluorocarbon condensed in the coil, indicating that
the fluorocarbon was bei ng adsorbed by the activated
carbon in the colum. Flow through the colum was
continued until sone liquid began to "spit" out of the
end of the condenser. This indicated that fluorocarbon
was no | onger being adsorbed by the colum, and the
limting adsorption capacity had



been reached. The flow of fluorocarbon gas was all owed
to continue one nore mnute to ensure conplete
wa@ adognegoson, and the fl ow was then stopped. TheCT/EB2065021654

on either side of the absorpti8n col um were cl osed
and then the colum renoved and wei ghed. The increase
in weight of the absorption colum was taken as the
wei ght of fluorocarbon adsorbed. Upon the conpletion
of the run, the valves were renoved and the activated
carbon was poured out to prepare for the next test.

:el ease was observed when openi ng or renoving
the valves, indicating that the fluorocarbon initially
adsorbed during the tests remai ned adsorbed on the
act.i vat 8GhreckdPeimprisait ®ntacting\é poWaiceidatiat Radtor effluent with a
Absorptig% Result%I%%%lw Fluogg%agggn (FC) Table p The
abBuarnagssh hydrasdibontend theseafieheecavaringplelin plymer where the

L al s had 5 si nal ah : i
o S oA oBE PRt bR B Rooay RS By i g e
as{d1@ine A &t drftuchaRhEhe fludAdatkl AdtScdthord aRd ¥hefdthe

enbodi ment, the vent streanms froma process could be

pupdlfinedzationds a toninoesepdipnenization o it Iaist A5 nwde Yool

anmpunt s of activated carbon t uld. nornmal ly be.
Rt Bty S G e oA plsett in the
PrRe&ss - Al l docunents described herein are

i ncorporated by reference herein, including any
priority docunents and/or testing procedures. As is

apparent fromthe foregoin eneral de criﬁtig[)n and .

the spefiPEseintipiiits? P%m%ﬁla_zart@mac T Hen BRI T8
h ac\/cjﬁft&%ﬁg thd detadd i AR iRRIboY MrdAHS eatter removing
nodi f1cations can be nmade w thout departing fromthe
spvalatileafrdmstheopfluedt. t he i nvention. Accordingly, it is

not intended that the invention be limted thereby.
Li kewi se, the term "conprising"” is considered

syfiony nR;)?]o 3[/@5 %N {E') d%('ﬂﬁ:etag él@nuekﬁﬁ)hqﬂ b DSyl za sl RAGESePlient

Austral al s process “conpri si ng

C ogunasrisimgcamtgecdhy thereiffiwdnit onthracthedrimated fifytitoeadboni t h a
fluorinated hydrocarbon and thereafter recovering

ol efin polyner, where the fluorinated hydrocarbon is

S KRR e TR

hyeljsasi drom apelymledsftidnheactor effluent comprising contacting the

effluent with a fluorinated hydrocarbon.

5. A process to precipitate polymer from a polymerization reactor effluent
comprising contacting the effluent with a fluorinated hydrocarbon in an amount
effective to cause precipitation of at least 1 weight % of the polymer present and
thereafter recovering precipitated polymer, where the fluorinated hydrocarbon is
present at 5 volume % to 99 volume % based upon the volume of the effluent and
the fluorinated hydrocarbon, and where the polymerization is a continuous
polymerization of at least 75 mole % of hydrocarbon monomers, based upon the

total moles of monomer present in the reactor.



pol ynerization is a continuous polynerization of at
| east 75 nole % of hydrocarbon nononers, based upon

wo b@otoaoal nol es of nononer present in the reaPCDUS2085/021654
A process to devolatilize a gi¥lyneri zation reactor
ef fluent conprising contacting the effluent with a
fluorinated hydrocarbon, and thereafter renoving
volatiles fromthe effluent. 3. A process to reduce
ag@l omeAdirodss ioseparpielppiyeiicr fam apolyastizationakfdtoresttluent
conprising contacting the effluent wth a fluorinated
hy@%ﬁ%“rﬂmaﬂ?ﬁm&ﬂwr@%ﬂ%’é with & Ryprmated dydipgphendermme a

b 95 YR PRES S BAE IR AU et i potymer
t heomfthé pepinertiéhiptisé, widié thattedrinydd A9dobaBon B.présent at 5
process to precipitate polyner froma polynerization

r eedeme Yetd 9ueeinme pasedivpgn thsritohumne abthe wHlusnt andehe

with a fluorinated hydrocarbon.in an.amunt effective
v oliorfetedBitqeRieRl, ¢V G IR Pl PR QR oo, e
p%&ﬁéﬁ%ﬁﬁ%&'ﬁt A 75 hesieed &ﬁ’grd['&ﬁﬂibﬁfﬂl&ﬁmm%@ Gasdhupoadhe
pol yner, where the fluorinated hydrocarbon is present

at toal wullesmd anenGY prastntrie thdygader upon t he vol ume of
the effluent and the fluorinated hydrocarbon, and
where the polynerization is a continuous

poj.ymer Tgatgréddsdlofadny! 8A%he Redllng Uabhs RMH &R athB Ofuorinated
nononers, based upon'the total noles of nononer

PrigRRartidh is Bpréseaed 8y i fofinBOCRIE .0 viRRM & i€an integer from
pol'ymer from a pol ynerizati on reactor effluent

CONRY 4G iyig aganfep& dréet@ertthen 6f édudBidt 0 whd B isPar intepel Mat Bt least
hydrocarbon, form ng a polyner rich phase and a

podngaer | ean phase, and thereafter recovering pol yner
fromthe polynmer rich phase, where the fluorinated
hydrocarbon is present at 5 volume %to 99 volune %

baged upRN pidassVst! dlatR Pfwidiéin @hd klu6hat&NBydrb&rbon comprises a
fluorinated hydrocarbon, and where the pol ynerization

i speafleanmatesuizydsocadiopmeri zati on of at least 75 nmole %
of hydrocarbon nononers, based upon the total noles of
nononer present in the reactor. 7. The process of any

of 9.t he e Ig:r%gésg of 81|a16111|1 gswﬁl\e@ee {h%Iﬂ?lo}ilqgtecfl HIJ roc':ar:}géne 1% not a

perfluorinated C4 to C10 alkane.

10.  The process of any of claims 7 to 9 wherein the fluorinated hydrocarbon

comprises a hydrofluorocarbon.

11.  The process of claim 7 wherein the fluorinated hydrocarbon comprises one
or more of fluoromethane; difluoromethane; trifluoromethane; fluoroethane; 1,1-
difluoroethane; 1,2-difluoroethane; 1,1,1-trifluoroethane; 1,1,2-trifluoroethane;
1,1,1,2-tetrafluoroethane; 1,1,2,2-tetrafluoroethane; 1,1,1,2,2-pentafluoroethane;
1-fluoropropane; 2-fluoropropane; 1,1-difluoropropane; 1,2-difluoropropane; 1,3-
difluoropropane; 2,2-difluoropropane; 1,1,1-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-



hydrocarbon is represented by the fornula: C xHyF

wherein x is an integer froml1l to 40, y is an integer
w@e@anerst han or equal to 0 and z is an i nt egePCHON2005021654

at least one. 8. The process-#- claim 7 wherein the

fluorinated hydrocarbon conprises a perfluorinated

hydr ocarbon. 9. The process of claim8 where the

fluorinated hydrocarbon is not a perfluorinated C4 to

d tetraflkerpropait:; 1'|1h?e,3-|me:tmfb19mp®cbpaanyl o8B, Meahﬂmraprbpatib 1,2,2,3-

n the fluorina rocar bon conprl ses

R T Gt o L 8.0 PRI SOEPERane Ik by e spEpRopane;
theifil y@{;)eﬂaﬂ&&opaégw ar boﬁ,ﬁ@%féeﬁﬁﬂ&g% rfanl0" © 0{1,2,3,3-

f 1 Uor onet hane; uof omet hane:

f | pemtafbiobgrepant; 1- di fn;lo]r,b,éﬁhlaaxaﬂudroﬁroghﬁd uor oet highe;2,3,3-
111tr|fluoroethane 2-trifluoroethane; 1,1,1
 ShexaflporopiapARRst hane: 14l &33 Bhexaflpomopieperst hane: 13L1.2.2.3,3-

Zl?e%’caﬁﬁfa} r{)#ﬁ’i%oet ETH? ? %{} ?Jfﬁ!%k??@ e 1-fluorobutane;  2-

fFuoropro propa

1, Pactobutoms; o pylafiflo@pbitaide; d;ﬁ-dlﬂﬂlﬁb@bﬁﬁﬁ@nﬂ 3- d1ﬂuorobutane' 1,4-
2,(% dlfluoropro ane; 111tr|fluororopane 2-
iflnoRoPBisRE p o &-difluorobstane; £ Podifiperopuiens; l,l,l-tnﬂuorobutane

1 121 % t&lﬁ'ug{olﬂﬁ %g?gg,?% tg&}ugro%ut&r 11l 'I'Cir4o B’ffpu%?o%u’tane 1,2,2-

1 ti:lﬂiloﬁ)bhfahé af QGQhﬂnbﬂibaﬁuﬁe 1,3,3-trifluorobutane; 2,2,3-trifluorobutane;
2, 2-tetraf | uor opr ogan

1 1112 Ztetraflygpbuianspr b dgﬁetetraﬂuorobutane 1,1,1,4-tetrafluorobutane;

A PR o o ispguorotutan
1, 01,3 &t%uaﬂmamﬁﬁwor DRBOPRARudroButdne; 3 131pxezme@fahu@fogutane
rrogane 1,1,2 3- pentafluoropro ane; 1,1 2,3,

eht.3:3 ﬁ@@ﬁﬂ%@bﬁﬂ@; 11,2,24-traflgorhbutand; uot @ﬁn&ama,ﬁuorobutane

1 ]12,%,’4 t’e%a@uc'{gl;( af l g?g% %grﬁﬂudrfblita&e' l,é 132 %—_pentaﬂuorobutane‘

hent a2l 11peamenaifinel. 1, 1, 2;1,31,§43peﬁﬁﬂh&fobtﬂ@h9pr0pan1e1,1,3 3-
1-f1’uor obut ane; 2- f uorobut ane; 1, 1-di fl uor obut ane:

1, peatiifiubrobrtabest angt,1.8, Bpditiflupsopibartean el, 1,’11,,444-pentaﬂuorobutane;

oL PR ey | (oL A hobutane;  1,123,3-

1 ﬁbn?aﬂhbfcfbhﬁﬁé ObUit fiQ@f 4- njcafﬁlotréﬂlftzlr{éor op, ll't3391§ entaﬂuorobutane;
1,1, 4-trifluorobufane’ 1, - triflUorobuf@

1,123,333 p«fritathlomhmltmee, 1,3,32 Br#ﬁdnmﬂuomeme 1,1,1,2,2,3-
h%k%ﬂ&o%&%tﬁ{ijq?e;? ltiut?’ggﬁ ﬁ?f@ﬂl uQr c%h%%te;r a]?l,l ll,J102r g%lflge?(gﬁuorobutane
A1, eRr R hEOHRBIbARGe;  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-



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

wa 2beB09%5t et r af | uor obut ane; 1, 1, 4, 4-t etr af | uor POTIUS2IVE5/021654
1,2,2,3-tetrafl uorobut ane; 1,212, 4-tetrafl uorobut ane;
1, 2, 3,3-tetrafl uorobutane; 1, 2,3, 4-tetrafl uorobut ane;
2,2,3,3-tetrafl uorobutane; 1,1,1

, 2, 2-pent af | uorobutane; 1,1,1 ,2, 3-pent afl uor obut ane;
1 botaflyGpButpent af | ﬂlﬂ;bh@ﬁaﬂqéﬂ-lﬂmiﬂﬂorabl&am 1,1,1,2,2,3,4,4,4-

t but 3, 4- pent af | uor obut ane;
Haﬁaatlﬂ?éb%raés? Dot et ppRag. i Boror B E Bpehe: 13-
1, n@@@ byt
pe%ltfg#ofo oro tlgxf Ey&r ° P%qn&lz{]uégoﬁtzg?%%ﬁgga? ainel’l’3 -trifluoro-2-

1, Meﬂqyﬁ)répzment aﬂJ3kmﬂﬁchrut-%(fmoromethyl)propane° 1,1,1,3-tetrafluoro-2-
1,2, 2,3, 3-pentafl uorobut ane )
@C@Y@mpa&ént af | bdBohiarafEoro2-methylpropans; 1,1,3-trifluoro-2-
1,1 12, l,u tane, 1,1,
ogwﬁtﬁgliél‘?ﬁ%}ebbu i a%le’l 313226r£c£'§ﬁ%%5 DHRE t?l?fl ropane; 1]1 3,3-

Zt&aﬂumm(ﬂud)@drﬂﬁhylﬁﬁ%arﬂ: 1 1L,1 3-tetrafluoro-2-(fluoromethyl)propane;
2.4, 4- hexaf | uorobut ane; 1,1, 4-
he Rugrogigmtangie: li@ﬂqorscwlebumaf | Ldrdsfhuareenslobutanen  1,3-

 OuGEBh R 3 Mook L rhamalpianes 123

1, ﬁif&oi’ocﬁfclébuthﬂeé af | uor obyy ametetrafluorocyclobutane; 1,1,3,3-
1,1, 2, 3, 3, 4- hexaf | uor obut ane;
1, ’gptrgflgorg;cyq:lql;@yagtpl uor obLii %3—pentaﬂuorocyclobutane 1,1,2,3,3-

ARG s 112234
heﬂéxaﬁhmwhwlﬁm, 1,112,334 -Baxd ifofde il ity o0lHg ari?l,z 2,3,3,4-
1, 2,3,3,4- heptafluorobutane

1, lleplaﬂglogowckpbui@m afl uorobutane; 1,1,1, 2,4, 4, 4-

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

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

212, 3, 'f*he“g%%@f bf‘%?Qift (ﬁﬁ‘i?ns i—l LyioreiR, e %&rﬁxg ted_hydrocarbon
oct af | uor obut ane; 1, 4,4, 4-oct af | uor obut a

1, dondprjsRs Enﬂpﬂnwm)of di‘ﬂuommézthamn H‘,lﬂlb;rdmé.thane 1,1 dlﬂuoroethane,

, 2 3, 3,4, 4- nonaf | uor oput ane; 2 3,4, 4 4-

ST IR, Mo PrggRDS zmsirét]lhf»? f@éﬁﬁ@e hiané.

[ ,1-difluoro-2-nethyl propane; 1, 3-

di fl uoro- 2- met hyl propane; 1,1,1

- t }3 f | ubleo pﬁ)cmst ofy bpy @b aﬂzﬁmsll 1L vhet¢in fthe dtwridated hydrocarbon

ropane 3-difluor éfluoronethyl)propane
nXP 58S t Pt I‘Eor groye rrﬁ? hyl Sgexaflioropropane,  1,1,1,2-

I f
ﬂetr%ﬂlfbrr ?ﬁl%%r ougﬁ q(32 ? g%tg%%&ﬁgﬁ%?pr épane ’1’%[ 33 f eTtaﬂuorobutane

Sc;cfﬁafb&l‘xtcaﬂlohmame Andre3xdihpdropeadnorbpdntane3-
t etrafl uoro-2-(fluoronethyl)propane; 1,1,1
, 3-tetrafl uoro-2-(fluoronethyl)propane;

1 uor OCIed rbeds@oPinylofthélpreb st Oeliied sObkkré Aforinated hydrocarbon
1, 2- dlfluoroc¥clobutane 1, 3-
is added to the polymerization reactor effluent after exiting the reactor.

15.  The process of any of the preceding claims where fluorinated hydrocarbon

is added to the polymerization reactor effluent before exiting the reactor.

16.  The process of any of the preceding claims where the fluorinated



di f 1 uorocycl obutane; 1,1, 2-trifluorocycl obutane;
1,1,3-trifluorocycl obutane; 1, 2, 3-

wao eiobloomosocycl obut ane; 1,1, 2, 2-tetrafl uorocycl POINUSI085/021654
1,1, 3, 3- tetrafluorocycl obut af:
1,1, 2,2, 3-pent af |l uor ocycl obut ane; 1,1, 2, 3, 3-
pent af | uor ocycl obut ane;
1,1,2, 2,3, 3-hexafl uorocycl obutane; 1,1, 2,2, 3, 4-
hekzdrpeasbartis presouitat §dp 99 volume % based upon the volume of the effluent
1,1 3,3, 4- hexaf | uorocycl obut ane; and 1,1, 2, 2, 3, 3, 4-
heﬁ?ﬁ@F&@PﬂE%@?@gﬁP%ﬁgql12. The process of any of
claims 1 1 wherein the fluorinated hydrocarbon

conprises one or nore of difluoronethane,
t r 17. uoTberptohess®f clbjrh -16iienotheduosingted hydrodarbon is present at 10

trjfluoroet e, .fl uoronet hane, and )

1 o S0°EE PPee ot R einmaot thn i iyercenddhe fueiiptes

cl B{d¥scaldonherei n the fluorinated hydrocarbon
conmprises one or nore of

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

tefgafl yoroethane, 1,1 1 ,3,3-pentafl uoropropane,

1, § 1, 'g?%?rﬁ%??ﬁ 8? Flair d Buthsrrthe Swprnated hysgear @resent at 20
an L by, I 1N rpcess, of
any S RLOYEERERRR HELRRRT A officnald LRSS
hyklydoecartoon i s added to the pol ynerization reactor
effluent after exiting the reactor. 15. The process of
any of the preceding clains where fluorinated

hygy oc ' lynerizatipn reactor

ot en g apbis BERH 18 vinafe AP Al Aoty Bissgnt s 25
of todifyvobfmé Hebapedamsti the voludid 6F thhefiBeith@d the fluorinated

fl uori nat edhydrocarbon is present at 5 to 99 vol une

0 a{h%}n the volune of the effluent and the
fluorinated hydrocarbon. 17. The process of claim 16
where the fluorinated hydrocarbon is present at 10 to

8Q2vol ure frbasesr ¢1pen19 haerahs ﬂﬁoﬂ{atédl%yd%cfa}%%p& ;C)Pee@ht at 30

the fluorinated hydrocarbon. 18. The process o [arm
17todReelimn% tapesounandhe solayrod dlar ¢ffnent sng tesfantrinated 20
tq1§$cv@ ume %pased upon the volunme of the effl uent
and the Fluori nat ed hydr ocar bon. 19. The process of
claim 18 where the fluorinated hydrocarbon is present
at 25 to 50 vol une %based upon the vol unme of the

efXll uenthepuercshefl dulywd theypeeading claims where the fluorinated

hydrocarbon is introduced into a flash tank.

22.  The process of claim 21 where the fluorinated hydrocarbon is combined
with the polymerization reactor effluent and thereafter the combination is

introduced into a flash tank.

23.  The process of any of the preceding claims where the fluorinated

hydrocarbon is introduced into a purge vessel.

24.  The process of claim 23 where the fluorinated hydrocarbon is combined

with the polymerization reactor effluent and thereafter the combination is



hydrocarbon. 20. The process of claim 19 where the
fluorinated hydrocarbon is present at 30 to 40 vol une
waoe@smemspon t he vol ume of the effluent and t hBCT/US2005/021654
fluorinated hydrocarbon. 21. -‘#ke process of any of the
precedi ng clains where the fluorinated hydrocarbon is
introduced into a flash tank. 22. The process of claim
21 where the fluorinated hydrocarbon is conmbined with
t hintpodiigadaniozapirgnvesselct or ef f 1 uent and thereafter the
conbination is introduced into a flash tank. 23. The
process of any of the preceding clains where the
floorin § LSl ' :
vessel | ThEPropKs Rl BEhe phece Bk BRHECRALRR, bt
f | ahrocaalhcadis litcrdnceadt Imoma btlimgndakned with the
pol yneri zati on reactor effluent and thereafter the
conmbi nation isintroduced into a purge vessel. 25. The

precess I ' .A] re. the .

P s 8RR BT RS G oy
t awkh tidGpoliherization eswta@lefflent Mdtheroh®dre@hd Edmbination is
fluorinated hydrocarbon is conmbined with the

poliedyced antogrseftingtagk. ef f | uent and thereafter the
conmbination is introduced into a settling tank. 27.

The process of claim1 where the effluent is split

| 2D St Teep®cess OE blatih NgviraBis effleht Raplit Mbfstidatsashuling a
streamis passed through activated carbon to renove at

| eWadte sirqant end thegvastherermis passed tisenghagtivatnd cpbore tssmove
of ' ] the effluent is split into streans,

[ ngglq%ag% %&g\éﬁv\ggﬁlg SUFE48M®™and the waste streamis

passed through activated carbon prior to being sent to

a flare,
28.  The process of claim 1 where the effluent is split into streams, including a

waste stream, and the waste stream is passed through activated carbon prior to

being sent to a flare.



