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Field of the Invention

15
This invention relates to recovery of polymer from polymerization reactor
effluent streams using fluorinated hydrocarbons.
Background of the Invention
20
Q_ : 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,
25  liquids, diluents or solvents are used in these polymerization reaction processes for
vartous reasons such as to increase the efﬁciencjr 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 matenial such as unreacted monomer, as
30  well as various levels of liquids, solvenis, diluents, catalysts and other by-products

and/or non-reactive components. The typical commercial polymerization



processes used for olefin polynerization include gas phase, slurry phase,
solution phase, and bul k phase. Gas phase pol ynerizations are those where
t he nono 008, esent, typically with a condensing flyi ..
pentane,n22§é f&ﬁ?g?zing gas and are cogﬁacted with a cé#% 9%#&Q$§?§n1
typically supported on silica, to form5-solid particles of polynmer which
are drawn out. These particles nust then typically be treated or otherw se
processed to renove unreacted nononers, condensing liquids, etc. Simlarly,
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forms and pretClpitiates, there is en a fair anount of unreacted nononer

sol ubilized icontdmsinliguids, ctcASimiladg shaupirse polyhemizatiesealgoleyder taenoner
conbi nations exit the reactor, they _too often need to be treated or
processes t o MwdhEhepresaee of2 dgnerte Msslugy phessinplymorieations. theeatalyst i n
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be formed into a solid pellet or bale. The separated 30 sol vent and nononer
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PCT/ US2005/ 021& 9356:% as -t§8 diluent. Thus when the polymer forms and precipitates, there is

often a fair amount of unreacted monomer solubilized in the polymer. Asa

consequence, when these polymer/monomer combinations exit the reactor, they

too often need to be treated or processes to remove unreacted monomers, diluents,

20  etc. Finally, in solution phase processes, unlike gas and slurry phase processes,

the polymer is soluble in the reaction medium. Thus, when polymer is drawn out

of a solution phase reactor, it 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 iypically

passes from the polymerization reactor to a finishing éection 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 2 solid pellet or bale. The separated

30 solvent and monomer are then typically recycled to the polymerization reactor.



Separation and recovery of the polymer product fromsuch a m xture of
conponents (e.g. unreacted nononer, as well as various levels of |iquids,
solvents, diluents, catal ysts and ot her by- products and/ or non-reactive
corrponents) tyﬁYQa‘Pq(’ﬁ}"'i’h‘\’/ol ves passing the pol yner product wi tHEdYESmoS2een4
the 5 pol ynerization reactor into purge bins,-3with nitrogen typically
introduced into the purge bin to renove the undesirable materials fromthe
pol ymer product. Conventionally, the nitrogen and undesirable material are
vented or sent to a flare systemas a waste stream Oher nethods to renove
t hese conponents i ncl udepaphosambrettresryraf theipalynhdrpoadyiet femuenh sabixpressur e
vessel s at progressively lower ( 10 pressures. The | ower pressure causes the
unreact ed mononer SOMBEREIEIEE- “Hi’ela’ﬁifé@i@noméhcﬁst"‘f’?él 3siREORDICHES of Baridem t he

pol ynmer as a mixe S g th vessel and
typically recycl egolgég%a&rlg S on %yﬁgﬁ}g&r}tpg&%gmgﬁ%eg%@%n ﬁﬁ\l fromthe
polymer is an i nB@hpedint d}@ﬁléﬁllyllﬂvcﬂ%(s RSB 5 iy pHo@ild: Mﬂid?d%vxpfr@ﬁl%é
For ‘exanple, 15 devolatilizing the solvent fromthe solution by steam

stripping can e pelymeengiqureasioenti pegbbiauesh mﬂ:e)gsm ypeerilydamodeed dntotieh  as

95 weight % of the solution. In_ certain, solutio r| zation processes,
such as the produEWSrl?lrb?oTe’élpﬁ?/ﬂ@ﬁ@dﬁ?lb%%‘@ﬁ@“éﬂé&ﬂr@ ROIYRETPIedRat. of this

separation coul d ﬁgn\'f)%h&ﬁzgﬁg%ﬁ%tm%&eﬂd'lﬂﬁgs couflgpzﬁ%a g%Fs ntfoa fl

i mprovenments in t recovery process sub stan

savings in the tofslenpaodwaitccnsim. Bulicinfghdlsio Rghevehageomponpitk yrmﬁde
solution to separate into two |iquid equiljibriumphases offers an

alternative to steespingthe wpteﬁgl thmqﬁhﬁﬁlmn@ah@ﬁwmwmlmﬁmﬁgwswelséqymfat e

I -rich | -rich
conbi ndt Lon o EpeRe; s TaRe P Ber SR p Bt Boab b6 sRPRRE dbeds,
crossing the uppefdahe &ke k&&@bﬂﬁfrblh'tﬁ@bol?ﬁh'eﬂﬁé Qﬁlﬁatgaqafr&axﬁe@hieﬁ c@&$bshown on

the isopleth (phase transition diagram he phase separation is

control l ed by thedreWemfﬁﬁbmrtthsaelcam@mcalbnannt s, their nol ecul ar sizes
(especially the nol ecu ar wei gh f t he andt e critical
tenperature and criti cafPARHO8s B‘?nt‘f ﬁﬁdé%’?%*@ fol pgemperomrihe pplywer is an

Separ o100 1 ISRRRED el e, LSTBRIGANSHL Bl DT B Sl pe”
pol yneri zati Q8 salevelatilizingnha®iven fioal theablutivadeciaahd strippinglvan bevaty drergy-
monorers, WO 2006141%12591\9165 %)ec;%-é ttflizs%?\?én? %e%r? gg as much as 95 weight % of the solution. In
certain solution polymerization processes, such as the production of
ethylene/propylene copolymers, the cost of this separation could be up to 10% of
the final product cost. Hence, improvements in the polymer recovery process
20 could lead to substantial savings in the total product cost. -Forcing a single-phase
( polymer solution to separate into two liquid equilibrinm 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
25  lower critical solution boundary region as shown on the isopleth (phase transition
diagram.). The phase separation is conirolled 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

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

polymerization solvent, monomer conversion, especially of the volatile monomers,



-4 tenperatures, and pressures is required to i nduce phase separation. Sone
articles explaini ng the general principles are: "A | ow energy Sol vent
Separation Met hod,” by T. G CGutowski et at, Polymer Engi neering;

"Sol vent s Iram et al. in Journal of Applied Polyner Science Vol
31, 1879- 1‘@@/ U?‘Yg@g') "Separating 5 Polymer Sol utions with éﬂﬁé‘i‘ iP5 al
Fluids," by Mark A. McHugh et al in Macronol ecul es 1985, 18, 674- 680;
"Critical Dynami cs and Phase Separation Kinetics...," by Haji me Tanaka in
Journal of Chem cal Physics 100 (7) Apr. 1, 1994 p 5323- 5337; "Short Chain

Branchi ng Eff ct on the oud Poi nt Pr sur. Et hyl ene pol yners etc.
by S. J. Han Lnpgraturesy g} BTt P é%q“i 40 inuce P%@S@z%egér%@g%om&rawgﬁ

sol ution proceg r Nk f EREs 1 on
condi tions (teﬁ%%?%?%?%g%ﬁ%&?hgs}% %é qb‘&’&{ %ﬁ\?gﬁ% lplgns reduired
for phase sepayal.i@nGuibhekeéiail Poliinet Engthfngwese}sslat@vby@ hye aiank Beall @act or
effluent to the critical tenperature or above to achi eve phase separation.
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Geor adati oh aPohend SHaroRE A SPareSbi st of Mape X MREER G o i o

more effici enMaQ%ﬁﬁHFchl%@Q@ﬁ?WS tm thﬁc ﬁﬂ% 100 aRA PHHES

i mproved pol yner recovery met’hod by, anbng ot I ngs, usl ngeﬁ#uorocar bon
in the recovekyngicace? dgdajifle UIaﬁakaPhﬂmmﬂmf (5he?1€19a1921’1’ys(c@01(105(:7f)lA1ﬁh let al.)
di scl oses a process for treat material that is to be vented or purged

from a pol ymer9%hBu3at é?-ﬂ}d’Sh% i1 BangBingde theot I‘?ﬂé@e Syl Baigh Peassusas
honbr ;ﬂgesepa?ggﬁ@wll%eqe%%&'eeﬁg%?rﬁloﬁg%dejn Bhed M i PR ARRNA OB 217

ni trogen.1dJ. SpsPabeme. No. 6,271,919 (Baker et al.) 25 discloses a

pol ypropyl ene manuf acturing process that includes using a gas separation
menbr ane to separ atfer m%bgdl’énmmomqsr theemis significantdidfeomce batwesntilam  The

ted t d back to the t
Food. I uor | nEMEHO SRR P FAVE BRHeIEy POL LS aorALsar SRR at | on
pr ocesses 'nck&qigggeu%eggra%{l PahGlord QLA 05 oy reraEesSihgnAgoduce o

boi |'i ng-xyl ene e polymer in’a slurry using certain ori nat
or gani ¢ car botheaitipaltetiperature or above to achleve phase separation. This extra step

15  involves additional equipment, and more energy consumption as well as

operational complexity, and risks polymer degradation a the higher temperatures.

Thus it is desirable to provide a more efficient polymer recovery system.
This invention provides such improved polymer recovery method by, among other
things, using fluorocarbon in the recovery processes.

20 U.S. Patent No. 5,769,927 (Gottschiich et al.) discloses a process for
ireating material that 1s 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 ¢t al.)

25  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:
30 US Patent 3,470,143 discloses a process to produce a boiling-xylene

soluble polymer in a slurry using certain fluorinated organic carbon compounds.



WO 2006/ 009951 PCT/ US2005/ 021654 -5 US Patent 5,990, 251 di scl oses a gas
phase process using a Ziegler-Natta catalyst systemnodified with a

hal ogenat ed hydrocarbon, such as chloroform EP 0 459 320 A2 di scl oses

pol ymeri zatjon in polar aprotic solvents, such as hal ogenated hydrocarbons.
5 US 5,780,%@%“%?@ Poses di spersion pol ymerizations of pol BETHSRURERYS under
super - at nospheric conditions such that the“fluid is a liquid or

supercritical fluid, the fluid being carbon dioxide, a hydrofluorocarbon, a
perfl uorocarbon or a mxture thereof. US 5,624,878 discloses the

pol ymeri zation using_'constrained geonetry 10 netal conpl exes" of titanium
and zi rconium US 2,\53Ralgnd,99i5251 gisclosasgl 42p @hess pogss uaing a diieglerolatia

6. 554, 613 i scrBaleY bel RSt FeT PRLERRITUM Aty SRR ARERY

4,950, 724 di scl ose tHreg pod yo®ALZASAIGRs ﬁ(f)ltyﬁieﬂ&fét_icﬁ\fiﬁ@!dr%pf@ﬂ&%ﬁﬁfreﬁtsl $hchlS
suspensi on polynerization using fluorinated aliphatic organi c conpounds, WO

02134794 di scl esbslogerséed pdfirecatbomel yneri zations in certain -

hydr of | uor ocar bons. _ 0 discl.oses a fluorous bi-phasic systens. WO
02/059161 df scl oses ‘%%)?%@%%ﬁ&spleﬁe%f*wﬁ%%w?%wezmﬁ@fw BRIORGEEE 20
orioa of) s vhirSipt Rty URROhOR s My BRI AR o o vt
pr epol yneri zat flafd, tHe it pepeation diedde, adidesthiovscarbddSa peffhlorocaibai @l oses
pol yneri zation of ethylene usingTid4/(Et)3Al in a 25 m xture of heptane
and per f | uor onBuxireipereehexane, presumably at room tenperature, further a

A B e A N
Des'%gni ng 9Pl VeRtal %hmg_xggv%ft@}gﬁhqﬁﬁ 7#0ghif#gi neering News, Cctober 13, 2004
30 {wwww. CEN-online.org); Polynmer Synthesis Using Hydrofl uorocarbon
Sol vent s. US 2,534,698, US 2,644,809 and US 2,548,415 disclose preparation of
butyl rubber type elastomers in fluorinated solvents. _
US 6,534,613 discloses use of hydrofluorocarbons as catalyst modifiers.
US 4,950,724 disclose the polymerization of vinyl aromatic monomers in
15  suspension polymerizatién using fluorinated aliphatic organic compounds.
WO 02/34794 discloses free radical polymerizations in certain
hydrofluorocarbons.
WO 02/04120 discloses a fhuorous bi-phasic systems.
WO 02/059161 discloses polymerization of isobutylene using fluorinated
. 20 co-initiators.

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

US 3,056,771 discloses polymerization of ethylene usingTiCly/(Et)sAl in a
25  mixture of heptane and perfluoromethylcyclohexane, presumably at room
temperature, further a mixture of 30% perﬂuorbmethylcyclohexane 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
30  (www.CEN-online.org); Polymer Synthesis Using Hydrofluorocarbon Solvents.,
Wood, Colin, et al. Macromolecules, Vol. 35, Number 18, pages 6743-6746,



Wwod, Colin, et al. Mcronol ecules, Vol. 35, Nunmber 18, pages 6743-6746, WO
2006/ 009951 PCT/ US2005/ 021654 -6 2002; Perfluorinated Pol yethers for the ‘
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US20020086908 Al'; W200251875 Al; US2Q02/ 0032291 Al; US '3, 8‘5}/%6%4 US

3,440, 219; US 6, 111,062; US 5 5,789, 504; US 5,703, 194; .US 5, 663, 251; US
5, 608, 002; US5, 494,984; US 5, 310,870; US 5,182,342; US 2,603, 626; US
2,494,585; US 2,474,571, WO 02/051875 Al; US 6,133,389, US 6, 096, 840; US

6,107, 423; |IS.6,037, 483 981, 673: US 5, 939 502: US 5, 939, 501; US
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5,105, 047; 113-B9R/BB6461SIS20026656068;A LSV Q200351802 A 1S 4, 100, 225; US
4,042, 634; US 2002/ 0132910 Al; US 2002/0 1 5 1 664 Al ; US 2002/ 0183457 Al;
US 2002/ 016392002003 228T Ado brsy 895B6a@ US 34452380 Ui bBRELAIS Us 2001/ 0018144

D002/ 008550 - RIS 37 shius SHa L OB R e RS 065385 us
2002/ 008690833 ). 87079126022 842844 2 al3;626S 1k 2664 388 UYS 44334, §23; US
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6, 455, 650 Bl: US 6,448,368 Bl: US 6, 423,798 B2: EP 0 076 511 Bl: EP 0:271
243 Bl: US %4718 B281.680:d7$00 37998805 593560478 00S3593R656:08 6, 372, 838 BL:

LS 0,540,541 A A Sl B2 AR B U AN BL BL LS
11349606 A pgibbosbest deaceres 260k/0163987 AAnG90@IARESPY Apyis shed January
2003/0023013 A1; US 2001/0012880 Al; US 2001/0018144 Al; US
15 2002/0002219 Al; US 2002/0028884 Al; US 2002/0052454 Al; US
2002/0055580 A1; US 2002/0055581; US 2002/0055599 Al; US 2002/0065383;
US 2002/0086908 Al; US 2002/0128411 A1; US 3,265,972; US 3,331,822; US
3,493,530; US 3,528,954, US 3,590,025; US 3,616,371; US 3,642,742; US
3,787,379; 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; 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 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
36 14, 1986.



30 14,1986. WD 2006/ 009951 PCT/ US2005/ 021654 -7- Surmmary of the Invention.
This invention relates to a nethod to i nprove a pol yner recovery process by
i ntroduci n% fl uori nated hydrocarbon into the recovery process.

parti cul aVO 208549 | nvention provi des ag i mproved net hoacmr&%fs'ar(aﬂ. ng

pol ymer froman effluent streamexiting ffomthe pol ynerization reactor
conprising adding a fluorocarbon to the effluent to cause pol yner
precipitation and/or to forma polyner rich phase and a pol ynmer |ean phase
for further separatiqgn. This invention also relates to a process conprising
contacting a 1 L reactor effluent with a fluorinated

hydr ocarbon and thereafter recovering olefin polyner, where the fluorinated
hydrocarbon is present at 5 volune %to 99 vol une % based upon the vol une

of the effluent angidM@entdii@ldidab ednéiu@tr ﬁﬁﬁ{ﬂ?&%aﬁa?m‘éhfécgvér?%rocess
pol ynmeri zation is a continuous polynerization of at |east 75 nole % of

hydr ocar bon bymﬁmhm;ngttbmdxatqddlydrdmelbmﬁ intotilad renuvery poicesrlompariiquiagsent i n
t he reactf Defini.tions, pur poses of tthIS i nvention and the clains
he RHFPAER

t hereto this FHeBdmLp an?@}P’rPé(S method 19nFepAEALING S eho or nore
. F wh
MONOMET S . OE rrﬁ%r éﬁﬁn@f‘m ks Spbgﬁﬁ%ﬁ%t?dhl%géjm ﬁﬁn@{xﬁf#ﬁ adifi€h et 0 when a

polynmer is 0 as nonomer present in the

pol ymer is t ﬂaoro@e#bysﬂw ttffeedﬂﬁ@ftma, edust Pelyren prefpitatibk emd/seioMaen acat al yst
conponents are described as conprising neutral stable forns of the

conponent s, prvlyn@rmehphasg mﬁ@m@m@deﬁw@ﬁef@fﬁl@hﬂirsﬁmr%l@kr Il in the art,
that the actrvef@émof mthat reacts vmththe'

monomers to produ lsdBYWPsaISO T a?%?g‘ar‘ﬂ%cﬁss %Pr?%rétq’(‘,’i’%?oqt%d%?ncont ainer(s) in

ich a gpe %mﬁ%é%fdd &Qct@ﬁé‘{ﬂhéntvﬁ% Y86 NREEhFiroddiBo S fRefeaftiON numbering
heme for the Periodic Table Goups are used as set out in CHEM CAL AND ,

ENGI NEERI NG NEmEs;m@&(léﬁn p@l?m’féﬂ Wl . ﬂw}ﬁnmdﬁlyﬂh@)@%ﬂm P@'ﬁkﬁi@ﬂﬁ/ 021654 As

used herein, vo%mies% to 99 vqume 9 Li)asec{j upon the(::1 *rvglu;n%rotfl the gffExen%/ and dx and " Pr
fluorinated hydrocarbon, and where the polymerization is a continuous
polymerization of at least 75 mole % of hydrocarbon monomers, based upon the

15  total moles of monomer present in the reactor.
Definitions

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 1s
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).



are isopropyl, Cy is cyclohexyl, and Ph is phenyl. For purposes of this

di scl osure, the termoligoner refers to conpositions having 2-75 nmer units
and the term polyner refers to conpositions having 76 or 5 nore ner units.
A mer is defined as a unit of an oligoner or polynmer that originally

cor r espond¥8 AU RE Inpnoner (s) used in the ol i gomeri zat i ORCHUS2005/021654

pol yneri zati on reaction. For exanple, t he8-mer of pol yet hyl ene woul d be
ethylene. Detailed Description 10 In one aspect this invention relates to
the concept that fluorinated hydrocarbons ("FC s") can be used to inprove
post polynerization reactor processes, including polyner recovery and

pol yner processi ngAs ubsd Ipaeinj Mglismettyil,udpi mad Boh dry thrbayrbintyisiPe and used to

i nprove pol yner .recovery by inproyin 5 separation of the polynmer fromthe
ot her reacti oﬂeéWiré%{S%ﬂe 221 Eli‘%ré’a‘éﬂ’g‘ﬁnylﬁonorrer, sol vents, diluents

and the 1ike. In DRCLLGHLAL of SGUOMENLI 0 EIAGRA felhsl OSBRSSO

devol atilize a po atron reactor uen onprising co

ef fluent Wi t having .99 mhdrainas aly heQid POHmer RifSrsitd ¥Rpbstion BRinLlGéEes to a
process to reduce 20 aggl oneration in a polynerization reactor "ef fluent

conpri si n§ compecmerngtshe\ mef fsldefined ¢ & hnid of hwoligeraered pojymerdhatbon. Thi s

invention also.relates to mci_ess to E duce. accujprul ati on of pol ynmer on
surfaces of py2R ‘f?éreéﬁﬂﬂ%ﬁ thefpepRmer 536‘? rtPS GHEIREZRHORGF ef T | uent

conprising c I ng. I | I hi s

i nvention al gﬁc}ﬂ?“gtﬁg%%g h? gacgtnfﬁ'r gglgésxsa%ﬁcl)g’p;tﬁ%gile%??g‘%lg%ggggﬁkeﬁfﬁ% %%B%J ‘
pol yneri zation reactor effluent conprising contacting the effluent wth a
fluorinated hydrocarbon. This invention also relates to a process to

separ ate pol yéﬁ&lﬁiﬁmﬂnpﬁﬂyrreri zation reactor effluent conprising .
contacti q@ the effluent with a fluorinated hydrocarbon. These nethods ca
be practi‘Ced on the reactor effluent of any olefin 30 polynerization system

regardl ess of  whet RefneQkpddPlhid InvehticlebHed WAROEHBONME) fliiirfhatédSed in the
pol yneri zation nediumitself. In one enbodi nent the polynerization WO

2006/ 009959 RGIAWSARDMS (XS dan bOugeide @aprdvs posinsibphendzatioh reactorFC pr esent
and the FC is added to the . .
processes, Including polymer recovery and polymer processing. In particular
fluorinated hydrocarbons can be used to improve polymer recovefy by improving
15  separation of the polymer from the other reaction components, such as unreacted
monomer, solvents, diluents and the like.
In particular this invention relates to a process to devolatilize a
polymerization reactor effluent comprising contacting the effluent with a
fluorinated hydrocarbon. This invention also relates to éprocess to reduce
20  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
25  polymer from a polymerization reactor effluent comprising conta.ctingl 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

30  polymerization system, regardless of whether or not fluorinated hydrocarbon(s) are

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



pol ynmeri zation effluent after the pol ynerization reaction has stopped,
either just before exiting the reactor or after exiting the reactor. In
anot her enbodi nent the polynerization process is conducted in the presence
of fluorocarbon and 5 additional fluorocarbon (which nmay be the sane or

di fferent fMINPHREIISEst fluorocarbon) is added to the polPERErS200st02 0154
reactor effluent after the polynerization9eaction has exited the reactor
and or after the polynerization reaction has stopped. |In another enbodi nent
t he pol ynerization process is conducted with fluorocarbon present and

addi tional fluorocarbon (which may be 10 the sane or different) is added to
t he pol yneri zatpreress saohducted WithenttF(§ psserti@ehd e F@xd 4ddaditd the reactor. In a
preferred enbodi nent, the f]uorocarbons are present, in the polynerization

ef fluent at 1 Pebwerizghomaieninlior deqpalymenzationgeassipn hes siopnsdseither isbn t he

b present at oriort SRupBYS biidot b L FRIEE M. BRELE' Aoyl abodtisgrge " 0
preferably at p3Bmidizalol plodaR i¥eodMbRAd R Glcqiradthie 3PMMRARLNPAITE % For

1
purposes of this” invention and the clains thereto polynerization reactor
ef fl uent neans addigonibhfluarecartein (whichantyte tesemers diffatatdin did firlsnt , and

pol yners produced exiti the, polyngerization reactgr. 20 The FCis
typically inje BWCWB?E'W@Q%QH‘E%HSF@%%QWW@W uentpdief B8 reactor and
prior to the fj I : . it i - The FC may
be introduced gé\@’%ﬁneérze a‘{%%gm{\ﬁhqg&%%%@/@\réﬁgﬁ%ﬂc%g so? agglf:tﬁé gg&aﬁ[e?] e?“%ﬂe first

flash vessel, gdabBon Bashitsipeld] &t hanh@dmbodimetiGhe poiginefigdtioiBiodegsRRVer y _
processes involve the use of one or nore settling tanks and or flash tanks

and or purge 2scndusted|vsith Beerorarhen preat and addijiphaldivoyocarhsindydirhimagbar r y
roduction, progesses. ,The re encl osed yessels that, allpw t.he | ymer

b anur es. 11 5 B8y At adBeE e B RoliE Baiet BRrp e eI RR Y ol crrent s
(such as the u&igﬁgg@}em&gmrs) time torise to the top and be drawn off.

Introduction of FCinto the reactor polynerization effluent prior to
i ntroduction into alsaptefémg datrkliment| thedlveredaeb@B abwepredednt & thé r educi ng

ol i i nat o) SOTURGTERICGHFNCISGT | BpoTIece: Felesly Sd6P ebseshs beavio
2006/109951 P%o&ﬁﬁg O3Bt $Hafe cfth@nt and the fluorocarbon, preferably the fluorocarbons
15  arepresent at 10 to 80 volume %, preferably 20 to 50 volume %, more preferably
at 25 to 50 volume %, more preferably 30 to 40 volume %. For purposes of this
invention and the claims thereto polymerization reactor effluent means the mixture
of unreacted monomers, solvent/diluent, and polymers produced exiting the
polymerization reactor.

20 The FC is typically injected into the effluent stream afier exiting the

Pt

reactor and prior to the first treatment vessel, however it 1s 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

25  vessels. Settling tanks are typically employed in slurry production processes.
They are enclosed vessels that allow the polymer granules time to "seitle” to the
bottom while allowing the lighter elements (such as the unreacted monomers) time
to rise to the top and be drawn off. troduction of FC into the reactor
polymerization effluent prior to introduction into a settling tank will have the

30  benefits of reducing unwanted agglomeration of the granular polymer particles and

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



settling tank and ot her processing equi pment | ocated downstream of the
settling tank. Preferably the FCis thoroughly m xed with the reactor
pol ymeri zation effluent. Likew se, introduction of FC directly into a

settli ngvbanksifpsenarately fromb5 the reactor effluent) petblusha¥gricae
benefits of reduci ng unwanted aggl oneragg.on of the granular polyner
particles and reducing (or elimnating) the accunmul ation of polyner on the
internal surfaces of the settling tank. Preferably the settling tank has
sufficiently good internal agitation to ensure good m xing of the FC with

the —react oL gffd tHﬁl?EnJ'@ﬁlgfﬁﬁgﬁfﬂn%edﬁp%gﬁig%&g%?ldioafngt"rg%ﬁ df &e\é@%ﬁﬂ% that is

used to subject the reactor uent a rapl essure

drop to causgkt Peefeeibbathe R isttheoliglidhnfked walmleneatisr #M@ﬁﬁﬁﬁé‘.tﬁﬁi nmononer,
di luents, solvents, etc.) fromthe polyner product. These tanks are
commonly enpfiByEd in all types of polyner production processes, including

slurry, gas phase,., and sol ufian. roduction of FC into the 15.reactor

pol yneri zati on ei‘lﬂf%ﬁef’ nbtf‘?‘%'rcgf’%o# E@v‘ffb}'&?}& V‘gcha F?ﬁlﬂlgéa&f RTASHIEN® | provi de,
the benefit ke h Gl ! Lciency is
enhancegff bg?gg?g theﬁ%g%%?%&hﬁé;@%g@%eﬁggf g%%g{rhgﬁlh gﬁﬁ?ﬁi %g%gﬁ?%é%%rgépef%ll uent
materi al . THe grpoiiymmlyhespartitias sndredading (drielinfiratplpd siee scepmubtivafi s nore

easily flashed (or vaporized) in the flash tank. In addition, the HFC can
reduce the palygespnfhq infornalsyraessiodhessttingtankt Srefarablithe seingdenk he f1 ash

tank. Filmi{or I.0n;.can a .significant problem.n e rei al
producti on ¢ S;I‘Z'fi%‘ﬁ?'\%g 0‘#)‘@&9%%&5%%’“(?8&?”@#%‘5 Q?Pinﬁic’&i%e %@Wﬂnﬁéﬁepr oduct s.
Preferably dagiciEShicat Matdriam xed with the reactor effluent streamprior to
its introduction to the flash tank. Likew se, introduction of FC directly
into a I ash tanl {lashganlatsgirgssfureoresschthat BSised tctubjeck tifd igacto) wi | | provi de

the benefits of enhanc efficiengy of the flash rocess d reduced rates
of 111 m for REWFSHERH HEFH R Asand Prmspue donfo aHes e adlpasech e lighi or ab) y

the FC is i uhid 2Rk, es
relatively g‘%%‘g&&r%%%g Wl&teﬂ t nfgh?ez’giét or @%%é%?%%lﬁﬁg‘%?ﬁﬁgf m xi ng can be
acconpl-i shegrddyct. Mhesta@ksgretdomnidaly Binpldyb@irbdl types of péleef prodiictioank so t hat

it 30 passes upward through the pol yner product. WO 20061009951
PCT/ US2005/ p@tesas, inclyding shurry, gas phase, and solution. Introduction of FC into the
15  reactor polymerization effluent prior to introduction into a flash tank will provide
the benefit of enhanced efficiency of the flash process. The efficiency is enhanced
because the HFC induces a phase separation in the reactor effluent material. The
polymer lean phase created by the phase separation is more eaéily’ flashed (or
vaporized) in the flash tank. In addition, the HFC can reduce the rate of film
20  formation on the internal surfaces of the flash tank. Film formation canbe 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. 4
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

acconiplished by introducing the FC into the bottom of the flash tank so that it
30  passes upward through the polymer product. |



A purge vessel is a relatively |ow pressure-vessel-where the reactor

pol yneri zation effluent is exposed to another gas, typically nitrogen, that
is passed through the effluent streamand forces the |ighter conponents
(unreacted nononer, diluents, solvents, etc.) out of the polyner. Purge
vessel s arwo2oemenvesll y enpl oyed in gas phase, slurry and pthegeopediki«cl
form processes in which the polyner isjiproduced in a granular form and is
therefore relatively perneable to the flow of purge gas. Introduction of FC
into the reactor polynerization effluent prior to introduction into a purge
vessel will have the benefit of increasing the rate of desorption of

residual hydrocar bansubé QRN s HAaRV NG preditheviSoRPRAC R dkicrdyPOr tant when

relatively high noleculFar weight ¢ rs such as 1-hexene or 1-octene
that are enpl pylesheiinatidnecffleart s epos@t weasthet gaxliypielly nitesgeay hbed phgsed he
pol ymer). These hi gher nol ecul ar wei ght conononers are known to be highly

sol ubl e i n t hrgnghvthe eifeabicam wddorrss thedighics campeaenys gmsgacieds r om t he
product. |ncreasing the t f.desQrpti fromthe 15 granular resin

bt oduct v 11 Ty Ed SHREE S G 7 Bl s B ek PardS sBRAE" o ccess and
thereby r %ducﬁnﬁﬁl@nlﬁf%ﬁilo 6 @Rs pladsk Qi pf aﬂ@&h&?@ﬁﬁy@f&ﬁa@?%%eb fh the
product. Likew se, introduction of FC directly into a purge vessel

(separatel y fwhich thdpolymacitserodictd ireagianwliat forlmaard {stikereforefdlstively | ncr easi ng

the rate of desorption of_ 20 residual hydrocarhons fromthe product. In
this case, wiRGOedeR hedlaveal peeay Jnfrodustign of Fidnipdhgggactory s preferred

or oduct . prefBIaRrzRpRE el BibiS G dlonsh 8384 bRl M BIRIE 10 PO VTG

the bottom ofpehbft EseRhsif@IHeIBte\WldBs 1Mrﬁ§i&@algl?'&1)oc§1§boné hain thé passes.
upward through the EOl ynmer product. 25 Particular fluorinated hydrocarbons

fof partil8ul @rodsc &bis inespeciallpimaitant bden celatiealy bighteletyda weight t hei r
oD LY L0 I eRcE, LR YaLLon, Bl SRR LSk BIRSCELM 2,00 PresSure
Ty ocarbone st BbpeIUFR poob el esp MRS LSRR PEC. o
to as "fl uor icoatoadmeysdire kasvem irsbe bighlyfsolubiemathe polyinet prodbcyandrliesoriocar bons
grc% ﬂgfzi Beg %g]@gy[eelg (s)gev?blzj Erglsn t%g g%dslfc:‘, L cr%gssirelg %liearlaleyof(gesgr})tigfp ﬁggché 009951
15  granular resin product will improve the overall efficiency of the desorption
process and thereby reduce the total concentration of residual hydrocarbons in the
product.
Likewise, introduction of FC directly into a purge vessel (separately from
the reactor effluent) will have the benefit of increasing the rate of desorption of
f 20 residual hydrocarbons from the product. In this case, with FC introduced directly
( v into a purge vessel, it is preferred that the FC is well mixed with the purging gas
flowing through the polymier product. Preferably, the mixing is accompﬁshed by
introducing the FC into the bottom of the vessel (along with the purging gas) so
that it passes upward through the polymer product.
25 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"),

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

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



-12 | east one carbon atom and at | east one fluorine atom and optionally
hydrogen aton(s). A perfluorocarbon is a conpound consisting essentially of
carbon atom and fluorine atom and includes for exanple linear branched or
cyclic, C, to C40 perfluoroallcanes. A hydrofluorocarbon is a conpound
consisting essentially of 5 carbon, fluorine and hydrogen. Preferred FC s

i ncl ude t sented by the forrrul a CxHyFZ wherein IS _an integer
from1 tollgé "gﬁ@ééfﬂatl vely from1 to al ternatively FFB/MS?LO“E‘@”Z’E)*

alternatively from1 to 10, alternatlvelylzfroml to 6, alternatively from?2
to 20 alternatively from3 to 10, alternatively from3 to 6, nost
preferably froml to 3, whereiny is greater than or equal 0 and z is an

i nteger 10 angqaé | east one, nore preferably, and z are integers and at
| east one. W@c?aﬂi?@raﬁmﬂ@il@@h}eﬁﬁﬁglelﬂi@mﬁé ophad ophieralyhydsogear o and

wh i f : f
al '? (ra(ran)z;t : \S;eﬁg Hﬂcﬁg eAlp 8{%} ocgfl%oggnatcloglgﬁﬁnc{'? ?mé Sssreog%ﬁ%’a?f(@%?}dﬁ EW’é’l y from
| to 6, alterggd ﬂﬁ&hﬂe :itfn‘ﬁ”!u?d #@1dls edrte%ﬁgtel ﬁ/r%hb’blfaﬁ&{@d%rtc%ﬁco Cy to Cyo

alternatively from3 to 6, nost preferably froml to 3, 2 4's an |nteger
and at 15 | eaptrfimomalitanes Ahglmfluetboartivads reotpoand eoxﬁls(mg meatmlliousf pur poses
of this ipvention and the clains thereto, the terns hydrofl uorocarbon and
f 1 uor ocar bbn 8FbORmJUOTE ARG BYEREE?- o?‘f%?%%%@delthoﬁﬁﬁ@fém%ﬁhﬁ, a

m xture of fl uorocazé re used in the process of the invention,
preferably a fmula: gﬁ)fl*a@ewhtmmx reereidteggirandr toctd, a}m‘nm@byfromlto

hydr of | uor ocarbon, and nore preferably a m xture of a hydrofl uorocarbons. In
yet anot her Bﬁiﬂt&fﬂﬁm&yftdmelhqdﬂpdltanmtﬂe@rm lite 10ahiamsailcby frombiadoad)ced i n
the nunber of fluorine atons in the HFC used. Non-limtin exarrpl es of

f | uor ocar bons aki@aatively Fom, o 20alicrratiygly e dde 105 alipsnaivet 1o 6,

di f I uor onet han U eth 1.1 2 uor oet hane:
1,2-difl uoroe gii.%refeiﬁb %8{&‘1 Jf%ﬁ} %%?lﬁyrf st ef%fﬁ?nt?rl % 4%J§naé1mege1.
1,1, 2- tgg r afhdianent bﬁ@ﬁmrépﬂefé’ragbrt olahal |ak&h€b%%ﬂ%€1at least one. Preferred

2- pent af | uor oet hane; ~ 1-f| uor opr opane; ~2-f | uor opr opane;

2,
f1 uor oppapacmwcarbpls mchzlda(bln@prwimmg;ls :.fbm;andjwhbm ispnoptaper; from 1 to
r T GorORamaHE Hop big 30 AGErRRE Jiare L o 29, Stemavebt KB 08 opane:
(2) tetr ag&%ﬁ@%&%’g?@?g %5&85 l%ngﬁf\;eﬁjﬁ'&ﬁ rZOcB @9%@&3&%1}’%& 301 0,

99S 1

1,1,1
1,1,1
1, 1-di
2, 2-di
1,1, 3-
1,1,1,
2006/

° alternatively from 3 to 6, most preferably from 1 to 3, and z is an integer and at

15  least one. In apreferred embodiment, z is 2 or more. For purposes of this
invention and the claims thereto, the terms hydrofluorocarbon and fluorocarbon do
not include chlorofluorocarbons.

In one embodiment, a mixture of fluorocarbons are used in the process of
the invention, preferably a mixture of a perfluorinated hydrocarbon and a

20  hydrofluorocarbon, and more preferably a mixture of a hydroﬂuoroéarbons. In yet
another embodiment, 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-

25  difluoroethane; 1,2-difluoroethane; 1,1,1-triflucroethane; 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-

30  trifluoropropane; 1,1,1,2-tetrafluoropropane; 1,1,1,3-tetrafluoropropane; 1,1,2,2~



H

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

1, 2, 2- pent af | uor opropane; 1,1,1, 2, 3-pent af | uoropr opane;
, 1, 3,

tafl

f

, 3, 3-pent af | uor opropane; 1,1, 2,2, 3-pent af |l uoropropane; 1,1, 2,3, 3-
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pentafluorobutane; 1,1,1,3,4-pentafluorobutane; 1,1,1,4,4-pentafluorobutane;
1,1,2,2,3-pentafluorobutane; 1,1,2,2,4-pentafluorobutane; 1,1,2,3,3-
pentafluorobutane; 1,1,2,4,4-pentafluorobutane; 1,1,3,3,4-pentafluorobutane;

20  1,2,2,3,3-pentafluorobutane; 1,2,2,3,4-pentafluorobutane; 1,1,1,2,2,3-

PN

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

25  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-
heptaﬂuorobufane; 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-

30  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-
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06/ 009951 PCT/ US2005/ 021654 -14 oct af | uor obut ane;

, 2,2, 3 3, 4, 4 nonaf |l uorobutane; 1,1,1, 2, 2, 3, 4, 4, 4- nonafl uor obut ane;
O

;

, 3-

- neth ropane; 1, 1-difl uoro-2-nethyl propane; 1, 3-
%ZWP gr opane: 1,1,1-trifluoro-2- met hyl pr opaH&E/US2005/021654
rifluoro-2- nethyl propane; 1, 3=b#fl uoro-2-(fluoromethyl)propane;
tetrafluoro-2 5 nethyl propane; 1,1, 3,3-tetrafl uor o- 2- met hyl pr opane;
rifluoro-2- (fluoromnethyl)propane;
3, 3- pent af | uor o- 2- net hyl propane; 1,1, 3, 3-
| uor oc2fltbtobatanaet hyil, E,deanel,onaﬂuorobutane 1,1,1,2,2,3.4, 4 A~
, 3-tetraf| uoro-2-(fluoroneth iﬂgropan fl uorocycl obut ane;
i f | uoREBIOSRRIIANES 1 ﬂu@)@rﬂeéﬂ birdifiwero2-miethylprop@ico bsdc| obut ane:

tuor oo URSERERY iR dFines Lt Birtthold PRORYBlRRE AN 3 imfo 20
tetrafl uor ﬁ%@%hﬁ@% alfﬂuo;’o%(ﬁu%me%m}qp@dsmci QR _gifludrol22, 3, 3-

pent af | uor ocycl obut ane; 3, 3- hexaf'uor ocycl obut ane; 1,1, 2, 2, 3, 4-

hexaf | ubr omeztlh}dimparuﬁel I],3,:B—t@tr8ﬂ1mrd—2hamylpmqraneyt,ﬂ;ilamifhmm-z-l 1,2,2,3,3, 4-
hept af | uor iliycl ob&'{y : Particul arl y r ef errea_b’ I uorocar bons [ ncI ude 15

di f | uor ome{fgreme QRS‘P%M%%PGII‘*‘ UQP1a- rppane; 14,3

trifluoroe , r Qr e, addi tion
to those f Jhaa ro'%'(gﬁﬂ&% Qﬁ ﬂlgo ’elr i’iliﬁ]3 Eepﬁ%lég}of‘? &%@%@%ﬁ%@ﬁ%"gg@%rl bed in
Raynmond W lﬂluordésrclo&!ltane GEHdiddrb@ciobataReror idi fildHeyhsnsen s 3- Pages 1- 133,
by the Chem cal " Econom cs Handbook-SRI International, Apl’l | 2001, which is

fully i ncod;dhmmcefdldbet?@ﬁnl by2 ttﬁblﬂﬁ@&dﬂbﬁ@a@ lah,3-tiiflubrodpalobutmea @ her

preferred e odi rre the fl bon used | he process of the
i nvent £%n °§%‘FY§ M’rfﬁ Y@??]E}%ch( Eﬁ‘tg??’r}g ~di f | uor onet hane,

trifl uoro%&gﬂsmcgdéaﬁdaﬁé 401 99 NBNRadord biduldelipiioed fane, and 1.1, 1, 2-

tetrafl uoroet hane m xt'ures’ t pafti’cul arly preferred

enbodi nent peiithfucrocyasnitald, ¥, 150,23 3ahdxaflublosprlobmtig sl Bk 4 in the process
of the invention include HFC- 236fa having the chem cal nane :

1, 1, 1, 3, 3, bexrdlugracyplobptanpah b2, ke PB&ﬂallqii@ﬁMij’uiﬂ@é bhed-334 nane

1,1,1, 2-t th 1,1,1, 3, 3-
v i uor BEPRDRESRIARRS e bR R, et Bk R BiRle £ 06
pent af  s10r giiHoRRRethihcd LN YinRthah B8 , LAl eadhare, 1 OCtafilhsiee@ays | obut ane, and

fluoromethane, and 1,1,1,2-tetrafluoroethane. In addition fo those fluorocarbons .
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described herein, those fluorocarbons described in Raymond Will, et. al., CEH
Marketing Report, Fluorocarbons, Pages 1- 133, by the Chemical Economics
Handbook-SRI International, April 2001, which is ﬁﬂly incorporated herein by

20 reference, are included.

In another preferred embodiment, the fluorocarbon(s) used in the process
of the invention are selected from the group consisting of difluoromethane,
trifluoromethane, 1,1-difluoroethane, 1,1,1-trifluoroethane, and 1,1,1,2-
tetrafluoroethane and mixtures thereof.

25 In one particularly preferred embodiment, the commercially available
fluorocarbons useful in the process of the invention include HFC-236fa having the
chemical name 1,1,1,3,3,3-hexafluoropropane, HFC-134a having the chémical N
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 cheniical name 2,3-dihydrodecafluoropentane.



HFC- 43- 10nee having the chem cal nane 2, 3-di hydrodecaf | uor opent ane. WO
2006/ 009951 PCT/ US2005/ 021654 -15 I n anot her enbodi nent, the fluorocarbon
is not a perfluorinated hydrocarbon. In another enbodi nent, the

f 1 uor ocaWBMe/80Mdt a perfluorinated C4 to C 10 al kanePCTAIS2960IsE

enbodi nent, the fluorocarbon is not peilfiuorodecalin, perfluoroheptane,
per fl uor ohexane, perfl uoronethyl cycl ohexane, perfluorooctane, 5

per fluoro-1, 3-di net hyl cycl ohexane, perfluorononane, fluorobenzene, or
perfluorotoluene. In a particularly preferred enbodi nent, the fluorocarbon

consi sts essent i & knothdr dmibdahéntome Cabheasbon isnanoiditliorampadi ment t he
fluorocarbon is present at nore than 1 weight % based upon the weight of

t hef fl uglr ockydsoearbeid h@fﬁ}wﬂ&ed ﬁmﬁadinmtaéhf% ﬂ‘é@i‘gf@b@s@m‘)t a porfluerinhted éil“h;1 | uent,
3 i % i %

Dot or abl ) B G0 Skeen I apoliet SbodineBt Srigpdm bRt ertfrotstiiar ghe %

preferably GifAbRhebtiAl) pkelRRUIE S peRliBIShaRI Ky SERARRL, deliflbrgliify Nt ¥6

pref erably greater 25 weight 9% preferably’ greater wel ght %
preferald y garflabwerl,phinetdylopelopétand)papfiedronaling, fuceebctzetd)an. 40 wei ght % 15
preferably greater than 50 weight % preferably greater than 55 wei ght %
pr ef er abl y RfrEuewiolenen 8o paRticylmlymreisrad emhpdinegt.dhe Broropathoro wei ght %

preferably greater thap. 8 ight %.preferably greater than 90 weight % In
anot her errb%’&’is n‘:tsé?ﬁlgﬂ}’ng}’v%f?g?%%ﬁgrp‘gnspr esent at nore than 1 weight %
based upon the peingfHer @mbbincnk HRITAAG QMY is PRIACHEY kB thANYwEyEf ocar bon
solvent 20 present in the effluent, preferably greater than 3 weight %

pr e]t er ab: y %y batedmpomﬁahe vifglgbmfg}ﬁe ﬂa%;opmbblfambab?y lgrrheuadronémdwh nVIJJ_KSﬂEétlght h% o
referably .great t han wei ght % _preferab ater than wei ght %
Or of or 401 y e elioert B iaabIEr g than 3 FRMEy aBroogP BaeHet Hah5 25 wei ght %
preferably gt r | st f 1 wei ght %
preferably vgélggti%? P’%E%ﬁb@%wef%" i/g"e?@{ %’r’ ﬁ%‘?g 1}’%%&?%%[%'% ??ﬂ;ae 0 weight %
pref er abl y % peteibly hesaid Sharei height %, preédrablgiprontgrinat 20 weighn%00 wei ght %

preferably greater than 70 weight % referably greater than 80 weight %
pr ef er abl y Mipigsabéy ventghtion 2Reyasht %, preteratiie greatee Hran30aveighidasnei ght basis i s

not naned for.the weight %.fl uor.agarbo it shall, b r. d to be based
ipon' ¢ e t dveettsy BRepfnafe YRR B PR siRb b o HER
15  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
another embodiment the fluorocarbon is present at more than 1 weight %, based
upon the weight of the ﬂuorocarbrons, monomers and any hydrocarbon solvent

20  present in the effluent, preferably greater than 3 weight %, preferably greater than
5 weight %, preferably greater than 7 weight %, preferably greater than 10 weight
%, preferably greater than 15 weight %, preferably greater than 20 weight %,
preferably greater than 25 weight %, preferaﬁly greater than 30 weight %,
preferably greater than 35 weight %, preferably greater than 40 weight %;

25  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

presumed to be based upon the total weight of the fluorocarbons, monomers and

30  hydrocarbon solvents present in the effluent.



30 hydrocarbon solvents present in the effluent. WO 2006/ 009951

PCT/ US2005/ 021654 -16 I n anot her enbodi nent the fluorocarbon, preferably

t he hmb%}.&ﬁ% carbon, is present at nore than 1 volune % based upon the
total ~volune of the fluorocarbon and gny hydr ocar bon E6THEA0SIESEnt in the
effluent, preferably greater than 3 Y8 une % preferably greater than 5
volume % 5 preferably greater than 7volune % preferably greater than .10
volune % preferably greater than 15 volune % preferably greater than 20
volunme % preferably greater than 25 volune % preferably greater than 30
vol ume % pref & &M r@p@d@neﬁtﬁhﬁﬂwovab%@ref%ragik%r ably greater than 40

vol ume o HORERE0EPated T Rlektna Hbed ek} iRnc Y HoFuf Rl BifCar cr han o0

volune % vyoefesrad Hu@beabel ahd Aty BRIV B cWent ﬁfe@éﬂtxm thegnhénior ocarbon is
inert to the polynerization reaction. By "inert o the polynerization

reaction" pfersldnigreabatthanh® véluner bcprelwably geaten than Pacitimedigm cal |y with
the, mononers, catalyst systemor the catalyst system 15 conponents. (This -

i s not %o BigjerabiyEreakes thany fodume apgrelsrabbnareyelipadd velimeFC s does not

i nfl uence I i tol O L., f i do g0 to sone

ext ent, sué%?%‘s g%@%ﬁ?\% ggg}":’;l\glll%t%y%’rﬁ;? %%A.bh%f\;\%é{%ﬁa&iﬁ%@lﬁ%ﬁn to say that
the FCs gre@eram[&/ oPafs ¥hdn DSvdlafie %}Iprbf&@alﬁ%g@hﬁéﬁhmme%} anot her
enbodi ment the fluorocarbon is a bl end of hydrofl uorocarbon 20 and

per f | uor ocprefeyablagreapar dhiay Hbvglumedsyrdiepdtly gresten oot wlpne$gnt at nore than
1 volume % hased upon the total volu f the perfluorqcarbon and the-
hydr of | uor B, %@H%&%@éﬁlﬁ“‘f%v?lﬂ@er/g%g%ﬁ 13(3\%'6?‘1??{ al %E%ei ng made up by
t he Tl %9&%} %ﬁ; ef erably greater
t han gﬂjvo#%?r%g@/éy pr e?glﬁg{)ﬁ/‘}%glr%%?%ﬁ t gﬁw‘éﬁc& J@%ﬁgie eg%ébl y greater
than 10 voprefira$ gheatgpniednedodmiymgreat er than 15 volume % preferably greater

than 20 volune % preferably greater than 25 volume % preferably greater
than 30 vol une %eallpibe pemgrirbgn snimert te Hgrpokpneiiatinn reactippeBar distly gr eat er

han 40 f bl . I % f bl h
50 vol ume 4 pe B ARy HeRie i e BallBe RS FR LR BT YGREY o Than 60

volume %  chemically with the, monomers, catalyst system or the catalyst system

f=)

15  components. (This is not to say that the physical environment provided by an FC's
does not influence the polymerization reactions, in fact, it may do so to some
extent, such as affecting activity rates. However, it is meant to say that the FC's
are not present as part of the catalyst system.)

In another embodiment the fluorocarbon is a blend of hydrofluorocarbon

20  and perfluorocarbon and preferably the hydrofluorocarbon is present at more than
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 greatér than 3 volume %, preferably greater than 5
volume %, preferably greater than 7 volume %, preferably greater than 10 volume

25 %, 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 %,

30  preferably greater than 65 volume %.



30 preferably greater than 65 volune % WO 2006/ 009951 PCT/ US2005/ 021654
-17 In yet another enbodi nent, the fluorocarbons of the invention have a
wei ght average nol ecul ar weight (Md) greater than 30 a. mu., preferably

gr eat er WORHH/®3%d. m u, and nore preferably greater tharcBOsSmIsNAG6s4 N

anot her enbodi nent, the fluorocarbons-1Gf the invention have a Mwv greater
than 60 a.mu, preferably 5 greater than 65 a.mu, even nore preferably
greater than 70 a.mu, and nost preferably greater than 80 a.mu. In still
anot her enbodi nent, the fluorocarbons of the invention have a Mv greater
than 90 a. mu, plefdrabther gnbadiatent, anflid@Ocarbornaf theemeentioariavpaef er abl y
greater than 135 a.mu, and nost preferably greater than 150 a.mu. In
anot her enbwaighbAYeraghmoleculsy W@@hgﬁ\%’) sreatel hanPPenmiwspratevablagreaieMy gr eat er
than 140 a.mu

f I ter than 150 A f er abl t
nan 160 arfi 380ai napEmbreb R AlsE B of BouRt SRR, o
preferably ﬁ%%ﬁfo%ca&ﬁlﬁﬁ Cg% iﬁ%ﬂﬁonﬁﬂ;{é‘lﬂ W%?&lt&% 66 Qﬁl]ﬂ |ﬂf%ﬁ8@r bons of the

i nvention have a Mvin the range of from90 a.mu to 1000 amu, preferably
i n the 5r angreatef than@h dl@l, aven moteqpr&fthbdy pocater tan §0prme e madbingsti n t he range

of from 15 12{? ab.mu to 300 a.mu,_and nost preferably in the range of from
about 100 aPrRicHRblY grests thamiiha.my, In stflangther embediment dasfnoreparbonshe

fl b ' ' e | bQj j in 1 f
from about O oieion BRE AP g sof m o ickorlbly BRLRY b i | 210, O
about 70C, pimaf evehiore pref@ailh @dated thdnl 351Dk.n, 3Rd Bosf ReaRibly bRatepor mal

boiling point of the fluorocarbons is in the range of from- "80C to about
90C, nore phat ép@pinyuf dpanciby emboddcntdhe Hlagrocabons afibie mpentiophafesy abl y from
bout -70C.to about .80C. In an e i ment, the fluorocarbon f the

Znvent il HGeSREPHERRIA0 A G- BERREOR SRR 4 A BgErass BReayy gr eat er
than -50C t edt&sﬁaﬁmﬁﬁa:ﬁggveh%&c%%féﬁ% HERALIPIH0 o h)E dabitspcar bons of
the 25 invention have nornal boilinhg pol nt” greater than -5C preferably
great er t hamefetBly preatee dmntA2am.m 20 @n ah emboédinenhahié flreorocarbbrs éfither ocar bons  of

the invention have nornal, boiling fpoi nt _greater than 10C, preferably
greater thdRvengienigvepddy ingisaangsolfayn f8R-mide dOAR Adeus preferablpiocar bons of

the invent itﬂ@ra@lﬁg & frohd PGU Hm.u to 500 a.m.u, more preferably in the range of from

15 100 a.m.u to 300 a.m.u, and most preferably in the range of from about 100 a.m.u

to about 250 am.u.

In yet another embodiment, the fluorocarbons of the invention have normal
boiling point in the range of from about -100°C up to the polymerization
temperature, preferably up to about 70°C, preferably up to about 85 to 115°C,

) 20  preferably the normal boiling point of the fluorocarbous is in the range 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 ﬂuordcarbons
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/ce, preferably less than 1.45 g/ce, preferably less than 1.40, and most



30 density @20C (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/ce, preferably
| ess than 1.40, and nost WO 2006/ 009951 PCT/ US2005/ 021654 -18- preferably
| ess t haWOLRPGHWT. | n one enbodi nent, the fl uorocar bongcafuseds/zvsent i on
have a AH Vaporization at the normal H&-ling point as neasured by standard
calorinetry techniques in the range between 100 kJ/ kg to | ess than 500
kJ/ kg, preferably in the 5 range of from 110 kJ/ kg to |l ess than 450 kJ/kg,
and nost preferably in the range of from 120 kJ/ kg to |l ess than 400 kJ/kg.
I n anot her prgé@blyddssaiodopnt., the fluorocarbons of the invention have
any conbi nation of two or nore of the aforenentioned Mv, normal boiling

poi nt, AH Vapor iz an¢ embodinient. ithgflebrdearbonsyofithe iesnbowhaagsd. 1 n a

f d1 nmbodi t h f [ h , f th
vent] on hAWEOREAER G iscael HfnSo0BhE: HEPure BEPG S SERTEn 40 o mu,
d l'i qui | : I . /cc. |
et anot ner i BRary H hERhesioeRiter 10Dk HiEte LB B AR AR i R D e

of the ifiverddgenfiave! B0 ki/kgtdleskehsi 450 kPRE addasst brdfe@bBRon tiy @hgs apbl y 1 ess i
than 1.8 g/cc, and a normal boiling point greater than 15 -100C, preferably
greater thafronsbd) kifks to lesrethpoOristkgat i on t enperature of the process, |

(such as up to 1 5% referably.| ess n,100C, .and re preferably |ess i
than 90C, _and modt S farsEred pibadiah Boatonrrgs: iR onkve © |

Vapori zati ofny BorhbiRatiGNeftvd Qhdre Wkt obetchBBnéd A8 nolkRa ﬁﬂﬁoiﬁﬁbo‘j' ment

the fluorocarbons are used in conbination wth one fb or nor e hydrocarbon

sol vents. PA#I ¥epdrization emdHiqidbdasitpnalsed mehtanpss. dn agirefehradi ¢ or aromatic

hydr ocar bon fl ui ds. Exanples of suitable, preferably inert, solvents

i ncl udelO f opmbedinsng, the Hporosarbansyaghd am isanecess af Hierinvapticpdwyaa Mw 10,

preferably o] S...Such as

D opane. . b Bispleh dhbn RS0l AR A Yo oo A M 8¢

I sopent ane, tHAQPNENE/B0 GirefabANRss maﬁiggmhrmave& aRfR&AReferel enBbeXame, oct ane,
Y

i sooctane, and other saturated C6 to rocarbons. Preferred hydrocarbon
fl ui ds al sotlierfticneerbmswisplolim the gracessnf the nvghhiom hptet hlaquid idemsitiydessone may

ol o0 o2 I P oRL el R0 B/ A 2R SaPBLELL b L BLE0Y

15 -100°C, preferably greater than -50°C up to the polymerization temperature of the
process, {such as up to 115°C), preferably less than 100°C, and more preferably
less than 90°C, and most preferably less than 60°C, and optionally a AH
Vaporization in the range from 120kj/kg to 400 kj/kg. |

In another embodiment the fluorocarbons are used in combination with one

20 or more hydrocarbon solvents. Preferably, the hydrocarbon 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-

25  hexane, isohexane, cyclohexane, octane, isooctane, aﬁd other saturated Cg to Cs
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. ‘

30 In another embodiment, the fluorinated hydrocarbon fluid 1s selected based

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



" mxtures there

al kanes. 30 I n anot her enbodi nent, the fluorinated hydrocarbon fluid is
-sel ected based wupon its solubility or lack thereof in a particular polyner
bei ng produced. WD 2006/ 009951 PCT/ US20051021654 -19 Preferred '

fl uorocarbons have little to no solubility in the polynmer. Solubility in

t he pol yn®0 3086/08988Iured by form ng the polyner into a fiborekzdoRioeikRess

" between 50 and 100 mi crons, then soaki-ng-it in fluorocarbon (enough to
cover the film for 4 hours at the relevant desired pol ynerization
tenperature and pressure in a sealed 5 container or vessel. The filmis
renoved fromthe fluorocarbon, exposed for 90 seconds to evaporate excess
f | uor ocar borpbfomtih@reiatids hatd 1ikR0 hb kBlbARdin W HBRSEE:. ShRDIRYH, upt ake is
defined as the percentage increase in the filmweight after soaking. The

f | uor ocar borthepolyineo rsomaadnoed b formire the pslyinec igd addmtdfahickimss betwlegmer has a
mass uptake of less than 4 w% preferably less than 3 w% nore 10
preferably 13¥and {9 misrofsyfhen geaking pan P%‘PE?TE% fenoagh tq eyt thedtlmy) feind nost

preferably |4F1§(§Jfr%i NAfe ?elévéé\f}t ;(f%si{eﬁ é)%l)&é%z%ﬁ&? g ﬁ'ﬂliergip:%?stglgrgig SN d"

preferabl S Or NmEXtures are Sel ected
such that t henpaley 6 ved¥el. tTHROGWERREMBV Rom (HIubicirBEk RPodArfoflepr essed) by
not nore than 20C by the presence of the 15 fluorocarbon, preferably by not
nmore t han 15&ondsdd evaporate pycesofluenorabom dnmibe surfprcaffdhalny, dog not nore than
5C. The depression.qof the ner, |t tenperature ATmis determ ned by
Pirst measurragiehdHeapi g S s hedis Moot e g g1 Bier gt BHEN

scanni ng cal,@Li &Bkinb f’l?p%g?u%rﬁéﬁgbm %dn[}ﬁ&n@eﬁs E«ﬁe&ed S tghﬂetgéwi th 20 t he

neasurenent on a sa e same po at has been so
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di ssol ved nater]j i g} ymer cause | arger depressions in the pol yner
mel ting tel%6 ?rgl)ﬁ)rl Ss(tlﬁ)l?n]iea%h"lElt fier val ues of ATn). The DSC technique for

determ ning the 3p;peéfeirtdcBObdiincAe RREBSsPBr inPxtARS Whdr8STpRYoratily, he
Hemm ngsen, "Phase Equilibria in Pol yet hyl ene Systens",” Ph.D Thesi s,

Nor wegi an URIR(s si mixtefes Seirevicae soldcted eadirtbitahy polyares med@Oienphiabive i s

| ncor por at e?Tl‘?l)e Esegeguc%)c/l (’r:ne Iieeprrgsrs]g(f)'by(rﬁ\)t %{oerg ﬁlragleﬁ%f’c by the presence of the

15  {fluorocarbon, preferably by not more than 15°C, preferably by not more than 10°C,
preferably by not more than 5°C. The depression of the polymer melting
temperature ATm is determined by first measuring the melting temperature of a
polymer by differential scanning calorimetry (DSC), and then comparing this to a
similar measurement on a sample of the same polymer that has been soaked with

20  the fluorocarbon. In general, the meliing 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 tephnjque for determining the
25  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,
30 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



set of conditions for conducting the tests are summari zed on Page 112 of
this reference.) The polyner nelting tenperature is first neasured with dry.
pol ymer, 30 and then repeated with the polynmer imersed in liquid (the

f | uor ocanbmgeb@obe eval uated) for four hours. As desc ref erence
above, it is important to WO 2006/ 009951 PCT/ US2005/ 11yl U e
the second part of the test, conducted in the presence of the liquid, is
done in a sealed container so that the liquid is not flashed during the
test, which could introduce experinental error. In one enbodi nent, the ATm
is less th 8C, nore
preferablyaﬁggéﬁﬁa?ﬁan(ﬁﬁag mﬁ%%?ggéﬂ¥&g§%? gg%ﬁ?%Xfﬁ§2€w{ﬁﬁgnother
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preferably I ess than 3C, even nore preferably | ess than 2C, and nost '
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m xtures t fer ofI u rocarbon(s) or_m xtures thereof,
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and | i qui e B¥ne | Sq.eant that the
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separ at i ONmieSsu@@t ATHH 15 Bds ManSw] ﬁ&f&abl&lles@w@ﬁm@aﬂre%ﬁmfl@s%ar bon in a
vessel with sight glass at polynerization conditions, then visually

obser vi ng thén ph@seves epae @tef@nbbfdcs,srthalai‘t(érand ingyest pmsﬁera]ﬂyrlessltln@ . five

m nutes. In a pypeferred solutjon has di FC s or mxtures of FC s
are added to tifbaﬁqequ?érﬁn]??@“?ﬁ‘g q%&‘rfsloﬁ&q“iu&?ﬁt siéckeact or causi ng
the sol ubl eferaﬁlxg T6E b dtoRUGH @@gopﬁun@ﬁg AT, B ROLAIE kudy] 4 Phase and

pol ymer urt ar at I'n a sep n zone. This nethod

offerSOgremtaymtmmnb&lwﬁsﬂﬁamdmcaﬁmmnﬁnumﬁi dm@@m&ﬁwmmdow of the
phase separation can be fitted precisely to the desired operating pressure
and tenperlmw ipisrdo B amIBCide ysmé@ant ﬁlﬁtéleeﬂ:/hﬁd@ﬁﬂhw maxtwpaiyhndtc condi tions
t hrough sel ection. af the t orocarbon a of . quorocarbon
ndded. The S rRleRlt Biest PaiRS diswit pHie P S RECPRTIr b Tiied &

suf fici entagGocABSLaRod uy@acd@wpinoa {r@&émttﬁﬁgﬁt@as% At b &h#ﬁ%&udﬁ S epar at ed
into a polyner rich phase and a pol yner | ean phase. OW Nng precipitation
of the soladodgions] therevisuilly dsarineg rf@he&eesepatabgn occurs after vigorous

15  mixing for five minutes.

In a preferred solution phase embodiment, FC's or mixtures of FC's are
added to the effluent of the solution exiting from the reactor causing the soluble
poelymer 1‘;0 precipitate out and form a polymer rich phase and polymer lean phase
for further separation in a separation zone. This method offers great potential as

20 the temperature and pressure window of the phase separation can be fitted |
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

25 effluent 1s 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

30  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



conventional techniques such as by conventional filtration techni ques. For
exanpl e, the polyner rich phase separated in a separation zone nmay be fed to
a drying stage, where the polymer rich phase is heated, flash-dried or

evapor at\,@gzggﬁmgg?r a reduced pressure by neans of a mﬂ&%/ﬂ&%’aﬁ%&%ﬁe heat

exchanger, opper or a rotary type $elvent-renoving device as a thin
filmevaporator to renmove WO 2006/ 0099 PCT/ US2005/ 021654 -21 the sol vent,
FC and the unreacted nononer. Likew se the solvent, FC and the unreacted
nononer are recovered fromthe polyner | ean phase, any resulting | ow
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pol ynmer conprises 30 to 95 nol %ethylene, preferably 45 to 93% nol % 5 to
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d ot | % - ' d, di.epe, Pref | whi ch b
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pol ymers which can be isolated froma 'solution by the methods
‘ Another preferred process where this invention can be utilized is a solution

15  phase process to make copolymers of ethylene and alpha olefins with or without
diene termonomers, particularly copolymers of ethylene and propylene and non-
conjugated dienes. Preferably the polymer produced is a low-crystallinity
polyolefin(iess than 40 % crystallimity as measured by DSC). Preferably the
polymer comprises 30 to 95 mol % ethylene, preferably 45 to 93% mol%, 5 to

20  70% mol % alpha olefin (preferably propylene), preferably 7 to 60 mol% and 0 to
10 mol % of non~ conjugated diene.

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 température (Tm ) 0of 200°C or less, as
measured by DSC as follows: Differential scanning calorimetric (DSC) trace &ata
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 saniple 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




of this invention typically have a nelting tenperature ( Tn) of 200C or
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15  more, preferably 5% or more, preferably 10% or more, preferably 20 % or more,

preferably 30% or more, preferably 40% or more, preferably 50% or more.

The methods of this invention may be used in processes where the polymer
is present as a particulate form in the effluent or as soluble liquid in the effluent.
While the solid polymer particulate phase can interfere with the isolation of the’

20 solubilized polymer from the effluent in conventional techniques, these polymer
particles take part in the recovery of soluble polymer resin from the effluent in this
imvention. The concentration 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 conceniration 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

B % 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.%.



25 contai ns pol yner produced, the concentration of the polymer will depend
on the extent of polynerization perfornmed in the reaction nedium The
concentration of polymer in the effluent can also vary widely and is
prefera odd1an 30 wei ght % based on the wei ght of otal solution.
The net Bgészl"g@%fﬁjﬂs i nvention can be ggrfor med with Ie%ﬁ@%’f”’%f’i?‘rrer
concentration of less than 40 wt.% based on the 30 wei ght of the total
solution, preferably less than 20 w.% nore preferably less than 15 wt. %
WD 2006/ 009951 PCT/ US2005/ 021654 -23 The effluent utilized in this

i nvention may conLain one or nore . hydrocarbon solvents, including
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phase separmhéxane, iFohexhas, mivedbnianes, ¢¥Elohiexamy bagne.and ethar astuetaibCenhance

phase separatjon. The amount of m Xin requi.red w be det er g ned by
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area vari ealiink) t he square of the droplet dianeter), while higher 20
agitation/nore mxing contributes to smaller droplets or emul sions and
m ni m zes mass teapsraingpsessaieand deraparpinge indhe pplymsr resevenyomies preferred

copol ymor s bR B R BB Bkt R FAtER aflis i uabiRase migngPed T produce

temperatures can also enhance phase separation. Further, vigorous

15 muxing/agitation can also enhance phase separation. The amount of mixing
required will be determined by physical properties such as viscosity, interfacial
tension and density differences between the two phases. Less mixing/agitation
will cause the formation of larger droplets and decreases interfacial area
(interfacial area varies with the square of the droplet diameter), while higher

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



terpol ynmers of ethyl ene/ propyl ene/ di ene, preferably using a netallocene
catal yst 25 system in a single, or optionally two, continuous stirred tank
reactors connected in series with hexane used as the solvent (and

opti onal | éoluene for the cocatalyst). The feed is transferred to the
first réﬁéﬁ 1'fel e the exothermic pol ymerization reacP§HHSI858HFCt ed
adi abatically at a reaction tenperatur 4pet ween about 50C to about 220C.
Hydrogen gas nay al so be added to the reactors as a further 30 nol ecul ar
wei ght regulator. If desired, polyner product is then transferred to the
second reactor, which is also operated adi abatically at a tenperature
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transferred to a gear punp wh mer materral through a
screen padkmpdianme bf\a&nopbll@()?@randsa pmbsmmbbﬁl—@@ Ibhﬁ(@OatnildO@@klPa)paml wat er bat h.
A spin dryer dries the polyner pellets which have a final sqglvent content
of |ess thaﬂﬁsawl}@ layves pp Whtplm@e orismevappiptiles épd t¢ Bicradge thtount  of

1 Soroear D AR LR IEIEVHAE o A S EPEE SR by 5
conbi nasi Onve§§el drives the polymer rich solution to a LIST devolatilizer. An extroder is
coupled to the end of the LIST devolatilizer whereby the polymer material is
transferred to a gear pump which pushes the polymer material through a screen
pack. Then the polymer is cut into pellets and fed to a water bath. A spin dryer
dries the polymer pellets which have a final solvent content of less than about 0.5
20  weight %. Preferably a controlied amount of fluorocarbon is added to the effluent
in LCST separator and/or the low pressure separator vessel. The range of
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
25  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
30 b) The extent of fluorination of the FC’s is such that they form a
polymer rich phase and a polymer lean phase.



a) The boiling point of the fluorocarbon is preferably higher than ethylene
and propyl ene so that the FC will co-condense and recycle with the 25

hydr ocarbon solvent, if any (typically hexane). Preferably the boiling point
s in theyt ffromO to 70C. In addition the FC s preferably have an
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curve making for nore efficient separati 3?1 in the liquid-liquid separator.
The FC s preferably separate wth the hydrocarbon solvent in the pol yner

| ean phase; and/or 30 b) The extent of fluorination of the FC s is such that
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t ot al hi gher rahgitmsgahekthylenbdrigiesr alplamlefiwand Bth-tanjigided giencantadied toei ght  of
the total Ziegler-Natta catal yst charge, fromabqut 30 to 100 percent by
wei ght of t he2FbTeaclon iQ ARERID ATRgHY elp daifary sempabere obtha tapalymesnagat ed
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al pha-ol efin ene TSt reactor 't
(polymer  di sgtodedlenta tdipols@bviepigparddDy (13284diAg td B Erdi @@t @ soRRht &ohd

I ncl udi nngt he polg/rrer .
about 50 to 90 percent by weight of the total ethylene charge, from about 30 to 100
percent by welight of the total higher alpha-olefin charge, from about 30 to 100
- percent by weight of the total Ziegler-Natta catalyst charge, from about 30 to 100
percent by weight of the {otal organoaluminum cocatalyst charge and non-
conjugated diene, (2) partially polymerizing a portion of the ethylene, higher

20  alpha-olefin and diene in that first reactor to form a polymer cement (polymer

TN,

dissolved in the solvent); (3) passing the reactor contents including the polymer
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
25  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
30  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.



cenent fromthe first reactor to a second reactor connected in series with
the first reactor; (4) adding ethylene to the second reactor along with an .
anount of non- conjugated diene such that the resultant polynerized wei ght
percent_di ene content 25 of the polyner fromthe first reactor is at |east

about 1WPHVEGRTreater, on a rel atiﬁ basis, than tHEYEPYYRRIES

pol yneri zed wei ght percent diene contént” of the polynmer fromthe second
reactor; and (5) further polymerizing the ethylene, higher alpha-olefin and
non- conj ugated diene in the second reactor. From about 50 to about 100
percent by weight of the total non-conjugated diene charge is added to 30
the first nBarexmplprehere iy sesiitantmeneejugged dicapeententon thppadamer and nost
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been 5 &onpoaideted Hie ewoatmiheithe second o sehsagnest resclos slisshiargedatheor i s

di sch d, the .pol i.zat i . ti f the di tents i
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pur pose can be -used In conducting solution polymerizations in accordance

wi th the presgattiémuctitothat Eeffeetanior the plithauicimbe asetidh\vendwctingul d be
hydr ocar bon sol vents such as_aliphatic, cycloaliphatic and aronatic
hydr ocar borsobgiongetgnerwatinns wesaendancomitl thepsesspt syenicab| Kasramplene

preferred solvents are Cl r,.l ower, straight chai r.. branched chain, |
nturatld SAuRiE Sah B voufay b @il it SR & ePpitisy eiGERRiE ™ ™
hydr ocar boRgq Qrorhatid l%/d?&a;rﬂﬂﬁi RURH, BAhNYEERACARAISHs IRt BHoERE Teare C12
or lower, straight 1I chain or 15 branched chain hydrocarbons, particularly
hexane. Nomkdfeirtd sajverts amt € ator kewverpsteaghitehainfor boanched sham,esabwdtadie, pent ane,

hexane, heptane, cycl opentane, cycl ohexane, cycl Qheptane, nethyl
cycl opent ak¥drasatnys. (yie|(oratupted aheyle opawmatis diydrgarbops ppente Cxyl ene,

e oL o T AR DSt 8P ET B ShEpn L SR iBler |
the f o ofyrgchbd ER4ES hidroBatbend, pkficukellyHek 2. MlodiffitiRg iNwsefative t h the
examples of solvents are butane, pentane, hexane, heptane, cyclopentane,
cyclohexane, cycloheptane, methyl cyclopentane, methyl cyclohexane, isooctane,
benzene, toluene, Xylene, chloroform, chlorobenzenes, tetrachloroethylene,
dichloroethane and irichloroethane. In this embodiment the effluent from the
20 reactor is in the form of a viscous (liquid like) solution of the polymer with the
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 effiuent solution into at least two distinct phaseé,
25  apolymer 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
30 relatively high concentration of polymer, typically 70% or more, with a
substantially reduced concentration of disselved hydrocarbons. The polymer



hydr ocar bon nononers and sol vents. Preferably a controlled volune of FC
conponent (s) is mxed with the polyner effluent just before, or just after
it exits fromthe reactor. The amount of fluorocarbon in the effluent is

such t hgto bdosrobduces a phase separation of the effl Ue%]\ﬁfﬁzb{k%‘ifkshmo at

| east two distinct phases, 25 a polynej;.rich phase and a polyner |ean phase.
The pol yner | ean phase created by the phase separation contains a
relatively high concentration of hydrocarbon materials (nmononer, conononer
and sol vents) that have been effectively extracted fromthe polynmer by the

action of &ﬂ@viﬂgg}egﬂrwgﬁr%%li ceﬁ?ﬁl@?‘%eﬁ{@?tfg‘gﬁl 9%%‘&&8 oPQﬁﬁF separation

contains a relatrv ation typically 70% or

nore, Wi thdapemslidissiciiahpetatieg freaplboyed iloiér Mewsolmed hydrocar bons.
The pol yner 2006/ 009951 PCT/ US2005/ 021654 _27_ material within the

pol ymer i etaipridy bovwripmpseatives theepdlymen isfin saligufodnom g ¢ase tikependi ng on t he
tenperature, type of FC enpl pyed,apd ot her factors,. At relatively | ow

t enper at ur égpag‘% IWPW%PBI{T@% ?‘%mgq)fli HreF]é’?‘ﬁtnmq PIPeRss (e the R(ﬁ)@mrslépar ation
processsca TR olBbEFi pi tation” process (i.e. the polyner is 5
precipitat gﬂégfprlom SO utiocl)ln .):I n a preferred enbodi nent any of the

pol ynmeri zati on i apefardbanbodiednt Agrafithe polemeariznivhipioys dgeababs. For
purposes of this invention and the clainms thereto, by continuous is neant a
syst em t haheisPeiE REINIHIOUS Progesse nitis PURPsepelrthisdnventionianad the dlaimsr upt i on or

cessation. ,For,_exanpl. continuous. process t.o produce a.10 pol r woul d be
one whero- TP udg Mot PRt 0P A Ba & iR FeoBaor o
reactors agghbol MiERupAbREHESssitfonC Ik eR4AbleY: cohtifehud WocehdtoRbRucRbodi nent s

it is preferred that the catal yst systemused to produce the polyner not
conprile t polamictmotkst eawtel whérd éhe noavtaits ateaohtinuably intreduced iisd na¢ oon of Ti O 4
and al uni num al k%/l (S|a|ch as tri etgé/l al.um Pun} Qarti cularly 15 when the FC
is a perf| BOFoEearBEPRdRObEPEr pPdusH & GOREPRRlDREIRAEDy st s titanium

tetrachl ori de, $ oﬁ;}&&hﬁédi e%‘ﬁgt llg:%g&'bﬁ@& {h?{‘thgcht-Ei)gr ﬁ?%rﬁg?%l&l{m num al kyl

(such as triet um nu I's preterably orocarbon. In
anot her  epioddiemhnpolyiite nodt@hysde titaninnt teadhl @lel paticalurly pbtthat or, such as a
P 9% ombinatioh of TiC1s smd Albminumm sTkol (S4eh 86 tHathy AmRY, portiulady. 0"
15  when the FC is a perfluorocarbon. In situations where the catalyst is titanium
tetrachloride, particularly the combination of TiCly and aluminum alkyl (such as
triethylaluminum) the FC is preferably a hydrofluorocarbon. In another
embodiment, the catalyst is not a fiee radical initiator, such as a peroxide.
In another embodiment, the polymerization temperature is above room
B 20 temperature (23°C), preferably above30°C, preferably above 50°C, preferably
( © above 70°C.
Polymers produced according to this invention are olefin polymeré 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
25 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

30  monomers. Heteroatom containing monomers are hydrocarbon monomers where

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



20 tenperature (23C), preferably above30C, preferably above 50C, preferably
above 70C. Pol ynmers produced according to this invention are olefin polyners
or "polyolefins". By olefin polymers is neant that at |east 75 nole % of

t he polWHape/l0895made of hydrocar bon nononers, preferabPgraszii®asws80 mol e %
preferably at 25 least 85 nole % pref8rably at least 90 nole % preferably.
at least 95 nole % preferably at least 99 nole % In a particularly
preferred enbodi nent, the polyners are 100 nole % hydrocarbon nononer.

Hydr ocar bon nononers are nononmers nade up of only carbon and hydrogen. In
anot her entrbbdiment, dic idteoatonvssticoted dipm the2powpédhsating o€ cilotiygl efin is
derived from heteroatom containing 30 nononers. Heteroatoni containing
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ni trogeén, sitdogemmprefdbsudiygen. Ipa pfeferadd| gmbddenast thedatepoatom isadtect ed from

the group consisting of oxygen and_ 5 nitrqgen, preferabl%/i’ oxygen. In a
preferred Bneydng danothenenpedigiesbeidhs inyenben, the HepPMETs tiveanot her enmbodi ment

of the inv ' i ze re n f |l uor nononers.
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the invention, the. nononers to be 10 polynerized are not "hal onbnoners. (By
hal onmononmefluprneatomt Imahgtbierozabdsivmentragioerewvenie, éheamohemets tohe hydr ogen at om

is repl aced by a hal ogen.) In anoth enbodi nrent of the invention, the
ononehe. t BB AR RO PAIBPROGE. JREpHORRRGRET lscnryth GudREEREn | anot her
enbodi nent | ' t | preferably
ol phat 1 o BengEowh it aFlcal bne HyRBRRANE & bflac oo LIBEG et o o
Hawl ey’ s Cenbetisedt siiBeisahtibh,ché moaonersidbb petinidrioRd afR got vidygéwW s ed., John

Wl ey and Sons, New York, 1997). In another enbodi nent of the invention,
t he nmononefremalic bxdigearhmis: | Reaother epbedimenbeithe inneation, the meperists to

al pha- of of {0 Ss1vRESLE 38 brerohy hifh%id ANARGoR i SARSE @ AltRgLRALNS

15  "Hydrocarbon" in Hawley's Condensed Chemical Dictionary, 13th edition, R.J.
Lewis ed., John Wiley and Sons, New York, 1997). In another embodiment of the
invention, the monomers to be polymerized are preferably linear or branched
alpha-olefins, preferably C2 to C40 linear or branched alpha-olefins, preferably C2
to C20 linear or branched alpha-olefins, preferably ethylene, propylene, butene,

20  pentene, hexene, heptene, octene, nonene, decene, undecene, dodecene, or
mixtures thereof, more preferably ethylene, propylene, butene hexene and octene.

In another embodiment, the effluent containing the 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

25 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

30 fluorocarbons from a gas or lquid process stream.



to C20 linear or branched al pha-olefins, preferably ethyl ene, propylene,

but ene, 20 pentene, hexene, heptene, octene, nonene, decene, undecene,
dodecene, or mixtures thereof, nore preferably ethylene, propyl ene, butene
hexene ap@ 964®Pe1 | n another enbodinent, the effl uentp‘gﬁﬂgﬁi‘)g}j'ﬂgﬂt he
fluorocarbon is split into streams, sugh_as hydrocarbon streans,” and or
waste stream and activated carbon is uSed to renove the fluorocarbon(s)
fromthe streanms, such as 25 hydrocarbon streans and/or the waste streans.
When using fluorocarbons in a process (such as a polynerization process or

| thod) it i ful . t f th
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I n anot her enpodi nrent, the activated carbon would be used as the absorbent
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that are st I j .
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15  preferred embodiment, a PSA system could be designed with smaller sized
columns for reduced cost when using the activated carbon for removal of
fluorocarbons from a process stream as compared to a process stream of
hydrocarbons without fluorocarbon.

In an alternative embodiment, the activated carbon is used as a safety

20 “guard bed” downstream of a primary separation system. The purpose of this

i,

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.

25

Examples

An ethylens/octene copolymer and an ethylene/propylene copolymer were
30  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



In an alternative enbodi nent, the activated carbon is used as a safety 20
"guard bed" downstream of a prinmary separation system The purpose of this
guard bed woul d be to capture any fluorocarbon naterial that may bypass the

pri mar weepar@béan system In this case, the advantagesc pse¥ied y the
activated carbon would be simlar tosphat described anve %l\(nlofﬁgllgg%\. The

size (and cost) of the guard bed could be reduced significantly. 25
Exanpl es An et hyl ene/ oct ene copol yner and an et hyl ene/ propyl ene copol yner
were 30 made according to the foll ow ng procedure. The polyners were
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The 5A and mMms wer e regenerated perio 1"y whenever

there was ®yinideadar sidve @BhnsABluickhdey fofm POUNED! IERtS0Md Jhe regeneration
was carried out under nitrogen at set tenperatures of 260C and 315C,

respect i vepurificitien criuginsayerd fegendraied parediasliowhsenaver theveewlas itidericequi d f eeds
to the reac

| vent. and fed int i fol d.
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-15 Cloy pavhahdgvdshisedigdveaeiobi.l | er before being fed into the reactor
through a single tube. Al liquid flowrates to the manifold were neasured
usi ng Brooks nhshauddesdsieths reacton (elyentrmnid ponomoinsks) svers fed iitoow net ers.

cat al yst COTTBERG-NLEN WLV A SO IORT YRS PARRRC R AP
manifold as a gas, and was solubilized with the chilled liquid mixture in the
manifold. The mixture of solvent, monomer, and comonomer waé further chilled
15  to about —15 °C by passing throngh a chiller before being fed into the reacior
through a single tube. All liquid flow rates td the manifold were measured using -
Brooks mass flow meters or Micro-Motion Coriolis-type flow meters. The
ethylene flow was metered through a Brooks mass flow controller.

The catalyst compound used was rac-dimethylsilylbisindenyl hafiiium

20  dimethyl preactivated with N,N-dimethylanilinium
tetrakis(pentafluorophenyl)borate (obtained from Albemarle) at a molar ratio of
1:1 to 1:1.1 in 700 m! of toluene mixed for at least 10 mimuies prior to the
polymerization reaction. During reaction, a metering pump was used fo transfer
the catalyst solution continuously to the reactor. The contact of catalyst,

25  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.

30  Feed rates of the tri-n-octylaluminum (TNQOA) solution varied from



20 di net hyl preactivated with NN-di methylanilinium

tetraki s(pent afl uorophenyl )borate (obtained fromAl benmarle) at a nolar ratio
of 1:1to 1:1.1 in 700 mM of toluene mxed for at |least 10 m nutes prior to
the pol wiRsogaddogn reaction. During reaction, a neteri - _used to
transfer the catalyst solution conti n%‘c)igsl y to the reagggﬁﬂ%@iﬁc’) tact of
catal yst, 25 solvent/fluorocarbon and nomers took place in the reactor:
The catal yst punp was calibrated periodically using toluene as the
calibrating nedium As an inpurity scavenger, 250 m of tri-n-octylalum num

(TNOA) (25 . %.in.tol uene, Akzqg. Nobl e s diluted in 22.83 kil ogram of
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ni trogen bl Ls inaRa588 E%%%s f GLivePa@icienk@l um num ( TNOA) sol ution
varied from 2301616 0099%11.) ﬂ%ﬁ’é’%‘gﬁ@%f@’gﬂe -31 %ol ymeri zation reaction to
reaction, rangi nFThé reuctdd WaRdirsicdsmieg ey rodtmubusty ppshingdolvtnee.g.n order to
optim ze the overal|l catalyst efficiency. The reactor was first cleaned by
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pol yneri zation. An automatic tenperature control systemwas used to control
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reached steady state, the reactor was |ined out” by maintaining the system
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the mean residence in the.reactor. .The resultin m xt ure, containing nostly
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15  period of at least five times the mean residence in the reactor. The resulting

mixture, containing mostly solvent, polymer and unreacted monomers, was
collected in a collection box. The collected samples were first air-dried in a hood
to evaporate most of the solvent, and then dried in a vacuum oven at a temperature
of about 90 °C for about 12 hours. The vacuum dried samples were weighed to

20  obtain polymer yields. The reaction conditions used and polymer properties are

P
/ .

given in Table El.
Table E1. Polymerization Conditions and Polymer Properties
Ethylenc Propylene | Ethylene Octene
: copolvmer copolymer
Reaction temperature (°C) SO 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




20 obtain polyner yields. The reaction conditions used and pol yner
properties are given in Table El. Table ElI. Polynerization Conditions and
Pol ymer Properties Ethylene Propyl ene Ethylene Octene copol yner copol ynmer ~
Reaction terr(per ature (C) 80 100 Ethylene feed rate (SLPM 4 3 Propylene
(g/ mi n)WP2UB % ene feed rate (nm/mn) 0 16 Hexane fBEHUSMOSOLISH4 mi n) 90
80 Catalyst feed rate (mol/min) 5.058207 1.01E-06 Yield (gram nin) 10.8
10.0 Conversion (% 58.5 67.4 WO 2006/ 009951 PCT/ US2005/ 021654 - 32

Et hyl ene (wt % 26.79 33.6 M (g/nol) 58,200 14,900 Mwv (g/nol) 111,700
31,300 Mz (g/mml) 180,700 49,70 Mv WVh 1.9 2.1 Exanple #1 Two grans of

t he et hyl ene/flfthglent éme’stopol ymer [were @6§90l ved|5 conpBsétely ip 13.42 grans
of hexane at over Z4 hoyrs. 1 Z mjof nic
(1,1,1,3,3-p Icnjiﬂg '.Taég. ebut-anre;—ebilad ﬂeﬁ?%@ﬂmof%ﬁ?’ Cor-porafi on) was
gradual |y ad¢¥¥ 8Dt he pol yner |sol utlildd%Af t el addidlid®® of the BFC a phase
separati on O1M'{3|’anﬁ:ﬂuti0n was olservago,78opol ymer rigolygphase was observed -
as a top | ay nmd—potymer—tear p'norbel\gars obsgrved iju the bﬁttom | ayer in
the vial. 10 rrich phase was"i'n the form nL‘?ﬁrpri pitated pol ynmer-
The precipitated polyner was recovered by filtration and about 1.9 grans of

pol ymer wejé)((amnrlg%?vered. Exanple # 2 15

Two grams of the qﬂlylene/propylene copolymer were dissolved
5  completely in 13.42 grams of hexane at room for over 24 hours. Then 12 ml of

HFC365mfc (1,1,1,3,3-pentafluorobutane, obtained from Micro Care Corporation)
was gradually added into the polymer solution. After addition of the HFC a phase
separation of the solution was observed. A polymer rich phase was observed as a
top layer , and polymer lean phase was observed in the bottom layer in the vial.

10 . The polymer rich phase was in the form of precipitated polymer. The precipitated
polymer was recovered by filtration and about 1.9 grams of polymer were

recovered.

Example # 2
15
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.

20
Test methods

Molecular weight (Mw, Mn, and Mz) and molecular weight distribution
(Mw/Mn) of the polymers were determined using gel permeation chromatography
25  (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



About 100 ml of the ethylene/octene copolyner effluent fromthe reactor was
collected in a glass beaker. About 30 mM of HFC365nfc was added into the
ef fluent gradually to induce conpl ete phase separation/precipitation. Phase

separ at egopheshd@biat ed pol yner was recovery by filtratipprpgsfiSotiesfilter.
20 Test nethods Mol ecul ar weight (Mv, M3 and Mz) and nol ecul ar wei ght

distribution (Mw M) of the polyners were determ ned using gel perneation
chromat ography 25 (GPC) on a Water 150C high tenperature chronatographic
unit equipped with a DRI detector and four l|inear m xed bed col unns (Pol ymer

Labor at ori eg,Phggd 5 , ] [ oZ€ A '

Fonper af ur o e T LT oSS B e ek tELBEET bopLE 2V e

aut osanpl er %hof pelgmer eimplle 0:@s diveolvbbinB R f-iziohierdbiendeie Conhdng 200 ppmei ght %
of polymer sanple was dissolved in 1,2,4-trichlorobenzene containing 200 ppm
2, 6- di - t - buyprdidt-brsylnd-nyseAphenotrEhe e rate was desmillibteriminvieiand fheni nut e and
the injection_ size i.s @@0 mg oliters. 5 Peak nelting point (Tm and peak
crystal | i zalPEHPSRSSr APV PUCTPHSS - wer e det ermi ned using the fol | owi ng

procedure accor dippgk Qg ik dﬁ%ﬁé Paal&r&it@l‘li%ﬁﬁdr?t%g@%ﬁﬁﬁ% @ng%rer imetric

(DSC) data was obtained using a nstrunments nod 2910 chi ne. Sanpl es
wei ghi ng appetexnimad etiyg Thellioginggrrecedsieaheedrdimg @l AFTRLEN7944851 e pans. The DSC

data was recorded hy first cooling t 0 sanple.to -50 C and then gradually
heating it Pe)t[f%re@ﬁ%sa%mm rigetrig §DSfpidatgrwss objrivedsuiig @ TAas kept at 200 C

for 5 mnut 1Bgf g i i: M‘% 0P | oth the
first and sgjcé:on e@%&@e?ggrna &g@%rﬁ%ﬂ\?\%ﬁﬁa e(r:lg(réééljgﬁ ?1‘2‘(:72%@&3}@ he
nel ting curyafdyaatmiBasitaplepthsuIod DST dah efkirewrddichyheat codflingfibesi on and
the degree of crystallinity accord ing to ASTM 3417-99. The percent 15

¢ryst al 10 ni samplaso <481 *Clanalitaen grailuajlytheatingitio P80 °Cat eratendéd *Chgnetar ve :
(Joul es/ gr / Joul es/ *_ 100, re Bis the .heat of fusion for
t he honopolaﬁl%?anﬂﬁ%e %‘ﬁéﬂeﬂtﬁtgbg%k?fn%wl%%v%%‘érﬁtaﬂSe‘i‘?%t@%ﬁ%’@@“‘?%r B are to

be obt ai ned - =0 . (| by John
Wl ey and Sc r%%Nste h\e(g)'r E’%%Sﬁ%%@g%cgng%%gh%ﬁgi %%)Qltsv\‘/ggpetfée ‘?%é t he heat

of fusion fAreatQf8ér the melting curves were measured and used to determine the heat of
fusion and the degree of crystallinity accord ing to ASTM 3417-99. The percent
15  crystallinity was calculated using the formula, [area under the curve (Joules/gram)
/ B (Joules/gram)] * 100, where B 1s the heat of fusion for the homopolymer of the
major monomer component. These values for B are to be obtained from the
Polymer Handbook, Fourth Edition, published by John Wiley and Sons, New
York 1999. A value of 189 J/g {B) was used as the heat of fusion for 100%
) 20  crystalline polypropylene.
( : 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 7
spectrophotometer. A full spectrum of the sample from 600 em™ to 4000 cm™
was recorded and the ethylene content in wt.% was calculated according to the
following equation:

30 ethylene content (wi.%) = 72.698 —~86.495.X +13 696.X*
where X=AR/(AR+1). The arca under propylene band at ~1165 cm™ and the area



20 crystalline polypropylene. The glass transition tenperature (Tg) was
measured by ASTM E 1356 wusing a TA Instrunents nodel 2910 machi ne. The

et hyl ene content of ethyl ene/ propyl ene copol ynmers produced using

hydr ocar bon sol vent was determ ned using FTIR according to the followng 25
t echni qwe. 2086/00%5 honogeneous fil m of pol yner, pressedpgyﬂgzﬁﬁﬁpﬁggture of
about 150 C, was nounted on a Perkin Egqer Spectrum 2000 infrared
spectrophotoneter. A full spectrumof the sanmple from600 cm 1 to 4000
cm-1 was recorded and the ethylene content in w. % was calculated
according to the follow ng equation: 30 ethylene content (w. = 72.698 -

86. 495X + 138308 vahgLE Nﬁeﬂ(ﬁﬂhgc%‘/ ectriAE wa éa%l‘g@%&[ ga@g%%ﬁ{ﬁﬁyband at 1165

cm-1 and the area WO 2006/909951 P U82005 | ene band at

- 732 cni - 1 integtatien spme tfortive westleylemd rovkiap bdnd Ehenkiage) irem 695wnebfat i on range
for the rrethyl ene rocking band is nomnally from695 cm1 to the mninum
bet ween 743héménimpen bween%imquUSganpr@pénemMmmndMasme and

t t - AR | t ti f |
the o ar o a0 falis BRgk Aticpleb i om o5 R 4 126 Ga ™0t rﬁethsé%t% et 35 O 1,
Addi t 05l JRHGPIHRSCEKAIDI 163 cnfOtoAng SFca®7 1R/ paRSPLPYI G- eXper i mental runs

were conducted in a sinple, lab- scale colu to determ ne the absorption
capacity of two different types of activated carbon obtained froma vendor.

The absorption. capacities were neasured with both types of activated carbon
using thr eMM@E@MeS of 15 hydrof |l uorocarbon (HFC-134a, HFC- 236fa,
and HFC-245fa). Results of these experinments are shown in Tables | and H
~The absorption colum was a % inch (1.27cn) OD stainless steel tubing. with
val ves fit fesei ther side. The 1/2 inch (1.27cm stainless steel tubing
was 9 7/8 inches long (25.1 cm) with an internal dianeter of 0.430 inch
(10.9 b¥). 20 The columm was packed with one of two types of activat ed
carbon obtained from
A Sexics of absorption experimental runs were conducted in a smple lab-
scale column to determine the absorption capacity of two different types of
activated carbon obtained from a vendor. The absorption capacities were
measured with both types of activated carbon using three different types of
15  hydroflucrocarbon {(HFC-134a, HFC-236fa, and HFC-245fa). Results of these
experiments are shown in Tables I and IL
The absorption column was a % inch (1.27cm) OD stainless steel tubing
with valves fitted on either side. The 1/2 inch (1.27cm) stainless steel tubing was
9 7/8 inches long (25.1 cm) with an internal diameter of 0.430 inch (10.9 mm).
20  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
25  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 fo the valves) to prevent any carbon from entering in to the valve

30 areas. The HFC-245fa was obtained from Honeywell, as marketed under their
trade name Enovate 3000. The HFC-236fa was obtained from DuPont, marketed



Cal gon Carbon Corporation. The first sanple was described by the vendor as
"Cal gon Activated Carbon, Type AP4-60." The second was descri bed as "Cal gon
Activated Carbon, Type OVC Plus 4X6." The AP4-60 activated carbon was in the
form of wyliondedogml | y shaped pellets, while the OVC Pl upcfgtankdisas in the
form 25 of flakes. Both of these carbans-were crushed with a nortar and
pestle to a smaller size to fit inside the absorption colum. The crushing
reduced the average size of the particles or flakes to approximately 25 to
50 percent of their original size, with sone fines. 3 ass wool packing was
inserted on,dairy Aepuhs, OfThé PEFC-EMaUWR aﬁ%ﬁm&t%g?sde/ﬁhﬁéﬁﬁl) plaOcdideent any
carbon fromentering in to the valve 30 areas. The HFC 245fa was obtai ned

f r om HoneywRti34a.aThewmrketeads walensetihe receivied adéhonapeifutioat e 3000. The

HFC- 236f a was Ob’hﬁi ned from DuPont, marketed WO 2006/ 009951

PCT/ US2005/ 02165X%he flagrogarbapyyes aewed totgoppror bmbirgmdisdielding onot i ve gr ade
mat eri al , -1 i .used as rgecei ved w t hout
purificati g% a&aﬁqﬁﬁg}lgc%%@% 1%\-%@%% Ea(;&moglé 0? %)&v%‘%élﬁléﬁz “0 oIt Y8 i ts

hol di ng 5 comé ablgin 4dd B GF@sdurétewérd @ko kedmietrd (oW RIdiATME Hedibg) absor pti on
colum. Between 5 the colum and the BIFC source were two rotaneters (flow
i ndi cat i ng Bhshirctagicterfiadia flayy tamge of Shund/nzinfof ew at hdeC of atb@sphetizi n of air at
21.1 C at atnospheric ressure. The rotaneiers were arranged i arallel to
orovi de a MAGWARAOY TSGR WA HARESS MLparalsl (G PHYAGRAAPY HreedPl. ( The
actual flo . For a gas
of known M%ﬂ%&g@%@% ﬁ%l OIE%HVSE?ll r t_-egsg%rg'n g%%%agg?gpﬁneég‘% g?%emo'?%%alé&f]di cated fl ow
rate usi ng depéiscm thh Mwaifeheneds| Fderagas of Rnde My the hetal fidve raxtin bé de of the
absorption colum, a''/3 inch (0.64 cm line was directed down to a coil of

3
St ai nl d9s <okdmed fiomihe idigatededove sie Brips maiadsithtargowall kpowpn ey i ce. The
hill ed i L es | . [ f d
chille Co'ah.)obn%g%ﬁk Gt oﬂff\ee%séxiﬂg%???_llgﬁ]glgg /f?gu[clﬁ 5@.8@%&'3@1“ _E“E]age | quefy (an

detect) fluofocarbon gas comn sor 15

downst r eamdgiaeke@ oo aQRUITSRINIERistec@SinLEMEEHad @ntdifedb MBBRMRARW t hin a
fume hood. Prior to each run, the weight of the enpty colum (wth gl ass
wool and wadgeisy. kas clidiediseld chsidintase sicaldtbing acted asarcondsisgrtio liqib®y col um

was wei ghe i fter the addition of activated carbo The col unm was
then" comnedtuitied ferSrabas afironng BombE ShaBict cRbEatBen (as a gas) ves
passed;5hr qyalstdleh end of the condenser coil was vented to the atmosphere within a fume

hood. Prior to each run, the weight of the empty column (with glass wool and

valves) was weighed and recorded as the tare weight. The column was weighed
again after the addition of activated carbon. The column was then connected to
the feed and exit lines, and flnorocarbon (as a gas) was passed through the

20  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
 “spit” out of the end of the condenser. This indicated that fluorocarbon was no

25  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

30 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



20 adsorption colum. The flow rate of fluorocarbon was set at an indicated
25 to 30 m/mn on each rotaneter. Initially there was no fluorocarbon |
condensed in the <coil, indicating that the fluorocarbon was bei ng adsorbed
by t he VEORPReANEFIcarbon in the colum. Flow through tkeT/tstonmm:as
continued until sone |liquid began to-38spit" out of the end of the .
condenser. This indicated that fluorocarbon was no 25 | onger being adsorbed
by the colum, and the limting adsorption capacity had been reached. The
fl ow of fluorocarbon gas was allowed to continue one nore mnute to ensure
conpl et e s@isutlaidcomas dbaerved evhkh @peviBg of freoviigbeadived Hadicatingethat @8 ei t her
side of the absorption colum were closed and then the colum renoved and
wei ghed. Theorpershenuetially agsoiyhd dofing e tesis sipinesiadsetbgdendhsaatizried as the 30
wei ght of fluorocarbon adsorbed. Upon the conpletion of the run, the val ves
were remE%™and the activated carbon was poured out to prepare for the
next test. No WO 2006/ 009951 PCT/ US2005/ 021654 -36 gas rel ease was observed
when opening or renoving the valves, indicating that the fluorocarbon

i nitialsly adsofdde] duotivatgdtCebdreAbsorpeormRoadis Wb Fedocarbdh@CGct i vat ed
carbon. 5 Table 1. Activated Carbon Absorption Results Wth Fluorocarbon

(FC Activated W. Enpty W. of Tube Carbon Type FC Type FC Mw Tube, wW
val ves W Earbpn—(9fnotre) (o) (T AP460-—HMFC-245f 5134 3943040642
AP4-60 R-1B4a 2004, 48 406,74 Apa- 60 ETC 2361 a W55048Y 41 AGro13W0%0 0
Pl us HFC- 2361 @xbSR 1394 46 BETHE |[OVC IREWhwR- 134mbk0%/ 30hedd 49PCHBon OVC
Pl us HFC-245fa 134 4.45 405.65_ |Table Il _W. (W. of Tube FC C Activatled
W. of FC FC/C Molar Carbon w . CarborfgRatielo by Carb@) Type|& FC(gbsor bed
Wi ght Ratio
? AP4-60 HFC-245fa 134 394.30 40642

AP4-60 R-134a 102 394.45 406.74

AP4-60 HFC-236fa 152 394.41 407.14

OVC Plus HFC-236fa 152 394.46 405.10

OVC Plus R-134a 102 394.44 405.68

OVC Plus HFC-245fa 134 394.45 405.65

Table I
Wit. Wt. of Tube EC/C
Activated Wt. of FC . FC/C Molar
Carbon | w/Carbon Ratio by _
Carbon Type Absorbed _ Ratio
& FC Weight
(2 (8 (g)
AP4-60 12.12 412.75 6.33 0.522 0.0468
AP4-60 12.29 410.93 4.19 0.341 0.0401
I

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

10

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

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



(9) (g9) (g) 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 Qv 4R0f82:0. 0539 10 The above tests indicate §Q§%ﬁ5&gﬂgﬁghvated
carbon materials had surprisingly high~ adsorption capaci I"és of Detween 34
to 60 percent of fluorocarbons by weight as WO 2906/ 009951 PCT/ US2005/ 021654
-37 indicated in Tables | and H Thus un a preferred enbodi ment, the vent
streans froma process could be purified (i.e. fluorocarbon renoved) with

reduced anpunts,of tivat n n l.d .nor I e.used in an
activat ed é%‘?llﬁ%)tﬁd%brjeﬂ%ﬁ?g‘ny%dﬁgd @ngﬁb%ﬁggeggﬁgeg@odgn %ﬁ&gﬁﬁéﬁ?@gdgscri bed
herei n are fjdig AmReicd &shiPYe p@iRIEMEe SRGHEPon rdutelfNy B réftibedr i Ority.
docunents and/or testing procedures. As is apparent” from the foregoing

gener al desoravpts @ncavaded babapthon frion!dndrodilydwetused inhin astilaedsardbén t he

i nventi on have been igH)ustrat ed and descri bed, various nodifications can be
10 made wi PRSI A BXHIFFPAYPIACETH t he spirit and scope of the invention.
Accordifgly, it is not intended that the invention be limted thereby.

Li kew se, the term "conprising"” is considered synonynous with the term

"including” for puigesestodescrBedtieadihare ih@(\‘k‘Forai’B‘ﬂjbﬂeﬁéréfﬁ:b héreify pol yner
recovery process conprising contacting a polynerization reactor effluent

with a fl uérbading amhpderdty slobonendnand/ prtestafa wecedatesy ékd i gpparettifrom pol yner
where the fluorinated hydrocarbon i r esent vol une..%.to 99 volume %
based upo n]hf IW?W%%?EWHB ¢ ﬂﬁ@gﬁﬂﬁlﬁ%ﬁ?%%a@e %%1“6’ arbon, and
where the pol yuBiohdHavOBedrSilstEAN MIRUSTRA YiRdus3RSdiABatRs 8in beast 75 nole
£ ‘ 10  made without departing from the spirit and scope of the invention. Accordingly, it

is not intended that the invention be limited thereby. Likewise, the term

"comprising” is considered synonymous with the term "including" for purposes of

Australian law.



of hydrocarbon nononers, based upon the total noles of nononmer present in
the reactor. 2. A polyner recovery process conprising devolatilizing a

pol ymeri zation reactor effluent by contacting the effluent with a

fl uorinated hydrocarbon, and thereaftgg renoving vol atiles fromthe
effluent. 3. A polyner recovery process“onprising reducing aggloneration in
a polynerization reactor effluent by contacting the effluent with a
fluorinated hydrocarbon. 4. A polynmer recovery process conprising reducing
accunul ati on of polyner on surfaces of processing equi pment froma

pol yneri zation reactor effluent by contacting the effluent with a
fluori nat edchygiocarbon. 5. A polyner recovery process conprising
preC|p|tat|ﬂg—pU1yner froma polynerization reactor effluent by contacting
the effluent with a fluorinated hydrocarbon in an anount effective to cause

precipitation of east 1 weight %of the pol esent and thereafter
recovering breci B Pab@aﬂp{ﬂ%w P& % cPWé’nS‘Flgu&’i‘tﬁ%FF&j %P&i%%?%gﬂnl s

present at p,ugl Uik (AmoS . Hﬁﬁﬁsdéﬂ RS G o caftt? rdiveing! digagT 1 | uent

andthefluorlnated hdroca on ymsrlzatlonls a
cont i nuous gaﬂmnerwlztamtbn ibiomtatddehydroaﬁrbmlla ﬁ?@&tﬁt ah il vobremd 3 msoﬁfbrrers

ot yrer 1 octRIary PSS sy MRMRPang EBER Lot iopine B irocarben,

pol ymeri zatin@nwh&eehd polsfdekisiidn HOABEhtE0Ys 9@@&%&@1&&1 bhat fabd weﬂfoifw th a
fluori nated hydrocarbon, formng a polynmer rich phase and a pol yner |ean

phase, an&étqfelr}@mqadaﬂwraewa¢n5neaq§é|lgmﬁr % pbah mples o mpenomer wESeshitse, wher e
the fl uorlg?;&gmpydrocar bon is present at 5 volume %to 99 vol unme % based
upon the ume of the effluent and the fluorinated hydrocarbon, and where
ithe polynerization is a continuous pol ynerization of at |east 75 nole % of

hydr ocar bon nono based upon the total .nol es of nononer present in the
reactor. 72 The /rRSLEEE BROURY BPCERRRISAR g UpHiZe Aee wtirigsion

fl uori nat ecéeactnaadémambw chitab@RS B REBENPWitts MRhiiled hidblifBohaiei N X is.

an integer froml
thereafter removing volatiles from the effluent.

3. A polymer recovery process comprising reducing agglomerﬁtion in a
polymerization reactor effluent hy contacting the effluent with a fluorinated

hydracarben.

4. A polymer recovery process comprising reducing accumulation of polymer
on surfaces of processing equipment from a polymerization reactor effluent by

contacting the effluent with a flnonnated hydrocarbon.

i

5. A polymer recovery process comprising precipitating polymer fom a
polymenzation reactor effluent by contacting the effluent with a fuorinated
hydrocarbon in an amount effective to canse precipitation of at least 1 weight % of
the polvmer present and thereafter raco#m'ng precipitated polymer, where the
fluorinated hydrocarbon 1s present at 5 volume % to 99 volume % based upon the
volume of the effluent and the fluorinated hydrocarbon, and where the
polymerization is a coniinuous polymerization of at least 75 mole % of

hydrocarbon monemers, based upon the total moles of monomer present in the

reactor,



to 40, y is an integer greater than or equal to O and z is an integer and is
at J]east one. 8. The process of claim7 wherein the fluorinated hydrocarbon
conprises a perfluorinated hydrocarbon. 9. The process of claim@8 where the
fluorinated hydrocarbon is not a perfluorlnated C4 to C10 al kane. 10. The
process of any of claims 7 to 9 wher ef A%t he fl uori nat ed hydr ocar bon

conpri ses a hydrofluorocarbon. 11. The process of claim7 wherein the

fluori nated hydrocarbon conprises one or nore of fluoronethane;

di fl uoronet hane; trifluoronethane; fluoroethane; 1,1- difluoroethane;

1, 2-di fluoroethane; 1,1,1-trifluoroethane; 1,1,2-trifluoroethane;

2 Loty gt ek ReRCtechudy kel SARBHRLE SR Bine, pebymr, fom o
uorpmywﬁaaitﬂfml réacthrf lefibucsppr epapesing , SontabithlpU Oh® PEfARame with a

I
| uor opropane; 1,1, 1-trifl uoropropane, 1,1,2- trifluorop propane;
rif |f1usmsteédm§3 caghop, SRR pRGLERIGHANRRAsS apd 3. polymen lgan phasspane:

ogst ARS8k o S BORILARE el Gndee

eﬁmﬁhaﬂﬂd;yﬂmmrt&m it piﬁSﬁn&tﬁemlmhb Gorto 99 wphnnc %lbaked npon the

ropr opane; nt af I
BT | OB 150 Suoplstt ABIRRAGISITe pdih Where the

-1

o

3-

3 @6 ﬁiﬁﬁbﬁpfsoﬁa%nrhoﬁs %ﬁgﬁmﬂﬁf&af&fu&{ QRLPPAGhole % of
2, exaf | uor opr opane; 3, 3- hexaf | uor opr opane;

3

aydmaafhoucmommganbasenl L!pcm the 206] Bolerepf aidnooreoprressahiy the, 1:
h %Ffluoropropane 1-fl uor obut ane; 2- fl uorobut ane;

Iuo ane; 1,2-difluorobutane; 1,3-difluorobutane; 1, 4-

obut ane; 2, 2-di fl uorobutane; 2, 3-difl uorobutane;
rlfluorobutane 1,1, 2- trlfluorobutane 1,1, 3-trif] uorobutane;
ti f Tuor odieanmweess, of any; pf f%d?rsffféf%@immszwmwm fthe, dhuswineisde
rif f ut ane;
t ePVEFPRYHE R opfectnsta ! the YARMRM GPEF, wherind xcls b bitBlcr 4R Y
t eto 4B ylmrmbutt@gae ,graa,tar Pad of equaAftd @omnlbmleame;nteger and 15 at least
-tetrafl uorobutane; 1,1, 3, 3-tetrafl uorobutane;

-t ePR®&f | uorobut ane; 1,1, 4, 4-tetrafl uor obut ane;

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

-tetrafl uorobut ane;
8. The process of claim 7 wherein the fluorinated hydrocarbon comprises a

u

ww-h-bl\)w”””“_“_cnwl\)l\)l\)_wl—\l\)”_“_“l\)

perflnorinated hydrocarbon.

0. The process of claim 8 where the flnorinated hydrocarbon is not a
perfluorinated C4 to C10 alkane.

10.  The process of any of claims 7 to 5 wherein the fnorinated hydrocarbon

comprises a hydrofluorocarbon.

11.  The process of claim 7 wherein the fluorinated hydrocarbon comprises one
or more of fluoromethane; difluoromethane; trifluoromethane; fluorcethane; 1,1-
difluoroethane; 1,2-difluoroethane; 1,1,1-trifluoroethane; 1,1,2-trifluoroethane;
1,1,1,2-tetraflnoroethane;  1,1,2,2-tetrafluoroethane; 1,1,1,2,2-pentaflucroethane;
1-fluoropropane; 2-finoropropane; 1,1-difluoropropane; 1,2-difluoropropane; 1,3-
difluorcpropane; 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-tstraflucropropane; 1,1,1,3-tetrafluoropropane; 1,1,2,2-



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

1, 2, 2-pent af |l uorobutane; 1,1,1, 2, 3-pentafl uorobutane; 1, 1,

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

1,1, 1, ¥0R0p&tvasl uor obut ane; 1,1, 1, 4, 4- pent af | uor obut é’ﬂéﬁ’USl’UW"Zlﬁﬂ

1,1, 2,2, 3-pent af |l uorobut ane; 1,1, 2, Z‘Qf pent af | uor obut ane; 1,1, 2, 3, 3-
pent af | uor obutane;. 1,1, 2, 4, 4- pent afI uorobut ane; 1,1, 3, 3, 4- pent afI uor obut ane;
1,2, 2,3, 3-pentafluorobutane; 1,2,2,3,4- pentafluorobutane 1,1,1,2,2, 3-
hexaf | uor obutane; 1, 1, 1, 2,2, 4- hexafluorobutane

1,1, 1, 2, 3,igrflscapropansh i1 ladya-tetrafiuotoprapade3).4,3scifafluorapbopaanct,2.2,3-1,

1, 2,4, 4-hexaf l uorobut ane 4- hexafl uo ane;

1,3,4,4- hiﬁtaﬁ%?wsa%e1,111:2}?21136&*&31112%%1%olpiyﬁﬁpira@maﬂuompwpane

1,1, 2, 2, 3, 1,1 ane; 41 ,2 2,4, 4-
hexaf | uor o {Ilti' %%EE]%%@&%%B?A* hexéf%uofogaﬁ%@\@rwoi}% 11 353-

1,1, 2, 3, 4, pentéiafdpuesmbyt ane; 11, zzz,ﬁh&aﬂub@paéﬂan@r obut ang;1,1,2 313~

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

1,1,1,2, 2,1@Xaﬂwpp1@pmrrt;r obut adet,1.3,313- he@ﬂ&ors),pmpanept af | uot dtu2, 33333-
1,1,1,2,3,4, 4- tafl uorob 4.4, 4- hep | uor obut an
11015, 3 e RERAgy obinl a3 e-Repadicsonogang DI RBRARG o

1,1, 1,2, 2, ot ai'l%ﬁﬂﬁ&%ﬁﬁﬁ Jizld woropubm; 41 o @utlazne 11
1,2,2,4,4,4- octa torobut ane; T l]3ﬂ4r4 4 WD 28%%‘{/1‘3‘;‘]83 e ,
PCT. U 2005h 024r6bytane;4 12 Mﬂidrulmtanhnjt %dlﬂh,ordbutane 1,1,1-trifluorobutane;
1,2,2,3, 3,4, 4-ngnaf | uor obut ane 1,1,2,2,3,4,4, 4- nonaf | uor obut ane;

1-f 1 uor o- A-hittAflrgiobpiane, 1] i%ﬁﬂ%‘ﬁﬂ@mmt Hyl.priePaerebutang.  1,2,2-

di fl uoro PAREG; I f pPLOPA

1,1,3-tri %Fﬁgé"g%b&lg fg m}h‘é #é‘ttarn‘f ﬁ;%g-"’ﬁ} “8?&% Pior g‘ﬁ%‘t‘?i‘??‘)‘p Spane:;
1,1,1,3-tety, aszﬂe&ﬁﬂu&obﬁtaﬁ&yl Pl opRRiafthofobiiadel et Bl 4uendfvorBBidNe; Pr opane;
1,1, 3-trifluoro-2 (quoromethyf)propane ‘

1,1,1,3,3- lphaﬂaﬁetraﬂmqrolzutm hy L gropaetefluorobuBpg;  1,1,2,4-tetrafluorobutane;

t tral oro: 2-.(f thyl)p '
11T, 5 de b SSRGS Dty Hipbpstuc | o sésiehaiirghgsns, |

- di 71 uorocygh byt Hutdadl! fwozm Brivafge; 113,341k YthADUt ane;
1,1,2-tri f]l %igr oc;}‘c rat ane; 1,71,3-t ﬂ%uor ocyg’l obut’ane rgﬂ.r%ag ’

tri f | uor quib,BQbﬂ&traﬂﬁ)roButinéi 2 2;333-1ﬁfdfh@fd]b®.mho Aut, m&z-pﬂntﬁﬂﬁorabutane
tetrafl uorocycl obutane; 1,1, 2,2, 3-pent af |l uorocycl obutane; 1,1, 2, 3, 3-

pent af | uorl(ab @L%B‘Eﬁt&ﬂi@mll“tiﬂez 2. 3, I hiXdrpaabioyendws ane; Lh13,% 3, 4-
hexaf | uor OC orotbapane 1 111% 3’34-%élélltaﬁgé(r%{)11tlé{gé Oc¥1ci ?Qué-pene[aﬂgor}gbl}ta&é 2,2,3,3,4-

1,1 ,2,2,3-pentaﬂuorobuta1_1€, 1,1,2,2 4-pentafluorobutane; 1,1,2,3,3-
pentafluorobutane;  1,1,2,4,4-pentafluorobutane;  1,1,3,3,4-pentafluorcbutane;
1,2,2,3,3-pentafluorobutane; 1,2,2,3 4-pentafluorobutane; 1,1,1,2,2,3-
hexafluorobutane; 1,1,1,2,2,4-hexafluorobutane; 1,1,1,2,3,3-hexafluorobutane,
1,1,1,2,3,4-hexafluorobutane; 1,1,1,2,4,4-hexafluorobutane; 1,1,1,3,3.4-
hexafluorobutane; 1,1,1,3,4,4-hexafluorobutane; 1,1,1,4,4,4-hexafluorobutane;
1,1,2,2,3,3-hexafluorobutane; 1,1,2,2,3,4-hexafluorobutane; 1,1,2,2,4.4-
hexafluorobutane; 1,1,2,3,3,4-hexafluorobutane; 1,1,2,3,4,4-hexafluorobutane;

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



hept af | uor ocycl obut ane. 12. The process of any of clains 11 wherein the
fluori nated hydrocarbon conprises one or nore of difl uoronethane,
trifluoromethane, 1, 1 -difluoroethane, 1,1,1- trifluoroethane,
fl uor onpligmpgnesasd 1, 1, 1, 2-tetrafluoroethane. 13. Thecp{9sRss19ts any of
clainms 11 wherein the fluorinated hydrgrarbon conprises one or nore of 1 1
1 3,3,3 -hexafluororo ane 1 1 1 2- tetrafluoroethane, 1, 1, 1,3,3 -pentafl
uoropropane, 1, 1, 1, 3,3 -pentafluorobutane, octafluorocyclobutane, and
2, 3-di hydr odecaf | uoropentane. 14. The process of any of the preceding clains
uhere I uordatifotivieocar bon 1 2 23a0d8ohenidiouRale) o | 181120 eag of
effluent after exiting the reactor. 15. The proces$ of ahy 6ft{ e preceding
cl ai ms whermnhfluaobmane dl -fyciodt-arciodpropsneaddbdifivers-Ren gblprepahgat Bon react or
effluent befgre exiting the reactor. 16. The process of@EQ% of the preceding
¥

cl ai ms wherdlpore-mgdyimepaws; Wi, rdoslvowemetiniprosenns/ gifluorar2-

hydr ocar bon_ | t S.40 99 vol une 9. based upon -t volunme gf the

ef fluent élﬁ%tﬁﬂ%éo%%ﬁ%or ?%%tﬁghwﬁ@%r@@ rr%ﬁhylipf‘?paﬂ?e p?t}egggﬁfﬁ‘dﬁ@r‘ﬁ?h 16 where
the fluori RadBeipfpdagCcar bam, 3 3 kemeRb-23hetGiprén80 Vol B %hased. upon the

volume of the effluent and the fluorinated “hydrocarbon.” 18, The process of

cl ai m 17 wiBuerontethyl)prmpaneat ed 1{yHB Sepembefiuors2 pneth@ptopate;20 1,58 vol une %
based upon the vol ;)JTrFﬁ of the effluent and the fluogrjnated h)ydrocar bon. 109.
The pr ocesdetEHIOra i veromsiboransus; o | -Adeteaflugyercdduerometindnserasent at 25

to 50 I 9 the: f fl i nat ed
h)c/)dr oc;?bgﬁoémﬁgta%ggg eléls_&(g#ﬁ BEW%Bﬁgh%eﬁé{—. wggﬁ?c&gﬁbﬁ%g’d Ef;%"lr gga(rabon

i's present deflucicyclobuthey Dl 2rEiffolrseidbu@ns 1, he-tahumeydbithae; aff suent and
the fluorinated hydrocarbon. 21. The process of any of the preceding clains
(here the tifempeisiabytanay dr ocar bdnl.?.2-tetrafluomeryelobiisne a fl ashlidahk. 22. The

process of gl MBloagoldiihse;t Ne ThU0s bRl SN JeRbRate! S cOmPnerh.

pentafluorocyclobutane; 1,1,2,2.3,3-hexafluorocyclobutane; 1,1,2,2.3,4-

La

hexaflworocyclobutane; 1,1,2,3,3,4-hexafluorocyclobutane; and 1,1,2,2,3,3,4-

heptafluorocyclobutane.

12.  The process of any of claims 11 wherein the fluorinated hydrocarbon
comprises one or more of difiuoromethane, trifluoromethane, 1,1-difluoroethane,

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

13.  The process of any of claims 11 wherein the fluorinated hydrocarbon
comprises one  or more of 1,1,1,3,3 3-hexafluoropropane, 1,1,1,2-
tetrafluoroethane, 1,1,1,3,3-pentafluoropropane, 1,1,1,3,3-pentafluorobutane,

octafluorocyclobutane, and 2,3-dihydrodecafluoropentane.

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

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 efflnent before exiting the reactor.

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



wi th the polynerization reactor effluent and thereafter the conbination is
introduced into a flash tank. 23. The process of any of the preceding clains
where the fluorinated hydrocarbon is introduced into a purge vessel. 24.
The prwoesssazll ai m 23 where the fluorinated hydr ocaPb®Uszepsgdrbi ned with
the pol ymerization reactor effluent a# thereafter the combination is -43-:
introduced into a purge vessel. 25. The process of any of the preceding .
clains where the fluorinated hydrocarbon is introduced into a settling tank !
26. The process of claim25 where the fluorinated hydrocarbon is conbi ned '
with the polkymerbonas posentad6tto 09 ebiumetitbaasibupdiaiie ablnene ofithe efiiehnati on i s
introduced into_a sett|ling tank. 27. The process of claim1l where the

ef f1 uent janddpe flponipated BydragasRon.i nchudi ng.a waste stream and the waste
streamis passed through activated carbon to renove at |east a portion of*
the f luorocarbon. 28. The process of claim| where the effluent is split
into streams, T pMAbaY ofclahBIbSwIRdé ﬁémuoﬁﬂﬁeﬂmgd%ﬁl%%nﬁéﬁﬁééﬂt'aﬁl(Passed

t hrough activated carbon prior to being sent to a flare. 29. The process of
clainms 1 an@050R8ne Whieased then thydohoae bidthe effhenenisd the dluoniantedi nyl aromatic

hydr ocarbgons. 3Q. The process of clains | and 5-28, where the hydrocarbon
monomer s aPErocgoBhati ¢ or alicyclic hydrocarbons. 31. The process of clains
| and 5-28, where the hydrocarbon nononers are |inear or branched

al pha-ol efins. 32. The process of clainms 1 and 5-28, ‘where the hydrocarbon

nononers arge  erHyB0Rs oPERY 1 Reherdihe TRRrineA h9BRC BB $Bresdi® BE EME, OCt ene,
nonene, der-one, ‘undecene, dodecene, or m xtures thereof. 33. The process

of cl ai ns t@ SarveliBae%, bashénport the vobme eiltbe sifiveht amst the fluodnatedr ocess i s
conduct ed .i Brt heﬁogr esence of fluorocarbon and additional fluorocarbon is
added to tHEMEFOfent | |

19.  The process of claim 18 where the fluorinated hydrocarbon is present at 25
to 50 volume % based upon the volume of the effluent and the fluorinated

hydrocarbon.

20.  The process of claim 19 where the fluorinated hydrocarbon is present at 30
to 40 volume % based upon the volume of the effluent and the fluorinated

hydrocarbon.

21.  The process of any of the preceding 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 infroduced into a purge vessel.

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

with the polymerization reactor effluent and thereafier the combination is



.43 .

introduced into a purge vessel.

'25.  The process of any of the preceding claims where the fluerinated

hydrocarbon is introduced into a sstiling tank,

26,  The process of claim 25 where the fluorinated hydrocarbon is combined

with the polymerization reactor effluent and thereafter the combination is

introduced into a settling tank.

27 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 to remove

at least a portion of the fluorocarbor.

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

waste stream, and the waste strearn is passed through activated carbon prier to

being sent to a flare.

29.  The process of claims 1 and 5-28, where the hydrocarbon monomers are

not vinyl aromatic hydrocarbﬂns.

30. The process of claims 1 and 5-28, whare the hysdrocarbon monomers are

aliphatic or alicyclic hydrocarbons.

31,  The process of claims 1 and 5-28, where the hydrocarbort monomers are

linear or branched alpha-olefins.

32,  The process of claims 1 and 5-28, where the hydrocarbon monomers are
ethylene, propylene, butene, pentene, hexene, heptene, ociene, nonene, decene,

undecene, dodecene, or myixtures thereof.

33.  The process of claims 1 and 5-32, where the continuous polymerization

process is conducted in the presence of fluorocarbon and additional fluorocarbon

15 added to the effluent.



