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PHASE SEPARATOR AND MONOVER RECYCLE FOR SUPERCRI Tl CAL
PCLYMERI ZATI ON PROCESS | nventors: Chris Friedersdorf,
w@admsiozdssBr ant and Gabor Kiss Priority C ai m[BODU2007/085365

This application clains priority to 11/854,936, filed

Sept enber 13, 2007 which is a continuation in part of

USSASE SFPARATOR ANBMONOVIER RECOCLIMIOGR SURERERITICAL

priority to and the benefit of USSN 60/876,193, filed

December 20, 2006POFNMERJIZATHON BROGESS ¢ ai ns

priority to and the benefit of USSN 60/905, 247, filed

March 6, 2007. Field of the Invention [0002] This
Inventony: &fttrisdimcd edsddré Patrockp®aynard Galtor dhissof ol ef i n nmononer s

under supercritical conditions, in which the principa

nmononmer has three or nore carbon atons. In particul ar
Priority Clagnat es to t he separation of the polyneric product

ro | . i . .

0001 T ph R O CBEE BliollR O R PIROT FILE s phR 13, 2007 which is o
contumatlem: ul part oEUGRN Cldnplofven fisedt Matdhe6 RODY,nehickx ataiiros priority to and the

benefFpa RORb G0 Rt AP) ol DeEsitar 4k 20b, I dgnician g claims priorty to

and tﬂé'tﬁﬁefﬂrcﬁw}?60@@§§@7 Siled WREdN & 20@7. produci ng
et hyl ene- backbone pol ‘yers (pol’yol ef ms where et hyl ene

is the principal nononer), including ethylene
Field ofthollyvamtisn wi t h co- nononers i ncl udi ng one or nore of

[0002@ pec ll}H,e Bge}vq{.lglﬁ% ﬁl‘gfaéesg?ﬂ? ﬁ)g Xgleeglez?ltéqa})ln SQE lg\%g hrﬁ(gtiggrgﬁrr% Agder supercritical

condifi@s, X ¥R Lihe Yrcifaf hRMbmP had thfab o Brd Carbdh Qﬁﬁl’i’ss efh particular, it
et al, reports a process for polynerizing C2 to
relateq tcathk epRagatiosi ofgtho pplygedic peodict oamibe daw atofedudar vwnghtl components of

recently, yl.ene rod ction under hono eous
the pRfEREin BRIFEORRY IRoRe RIS Tht 1Oy dBRREWA RAELERHRpnents 1o the
polynifidatisiikeabl e, due to a lack of catalyst systens that
coul d produce conmercially useful polypropyl ene at
tenperatures much above the critical tenperature and
Back Q&%ﬁﬂﬁﬂ@hﬁ%hﬁglflu'd phase transition tenperature.
ss to produce commercially useful

[0003pol y$1ﬁ&pl5hb enid- l(%ﬂﬁnﬂtdhlebeﬂeaiaaﬂwh Ik ybeet a3ed in haghp@lsure reactors -
pressure systen1has now be di scl ose

maml};\@bwﬂe%gﬂ ylcpsrRagkbans\i eradQ%IMPIag@% Whgxfcﬁhalgne is the principal
rnono g)r eiﬂél%gm agﬁk}éﬁg &ﬁ)gglﬁ%rk V\LVHP{ hlgﬁgﬁlelrshﬁﬁ lone or more of

rter re cet etc. emnse nem1pro | ene
propyldmas bdtepol gmlehsxew:t hlobgiwidr @thecn csppcnshty inamoaredy such as 4-rnethyl-1 53-

hexadﬂ%re O:rggi gﬂln%gfl %%q&"l{mt |7§:%t60g(e}o g.&l)g ¢l gtﬁgts\;l -Il;gﬁ'lorts a process for

polyrﬂ%‘h@ﬁl%s gesiFapabl aikhed rlﬁﬁ‘lfge brig&&n Qﬁ'éfal?cf&@n@ ffate{RNCY Unfll recently,
the separation of the polyners of this nemxfrocess
1

polypfqpcytnnf: herodoetiamp lvader émorrwgﬁlgfmls couppsnéntls cofditions has been seen as

imora GG WPt oG b P s EREal ol grduce commerciaiy

useful polypropylene at temperatures much above the critical temperature and above the

solid-fluid phase transition temperature. However, a process to produce commercially useful
polypropylene (and other related polymers) in a high pressure system has now been disclosed in
W02004/026921, which provides advantages, such as increased catalyst productivity, higher
throughput, shorter residence times, etc. Likewise, new propylene-based polymers with tailored
composition and/or molecular weight distributions were disclosed. Thus there is now a need in
the art to develop new processes capable of greater economy and efficiency in the separation of

the polymers of this new process from the low molecular weight components of the
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conmponents to the polynerization system feed. [0004]
WO 1993/ 1 1171 discl oses a pol yol efn production
w@r@sawEss8e hat conpri ses continuously feedi ng oPEF/UR2007/085365

nononmer and a netal |l ocene catal yst systeminto a

reactor. The nonomer is continuously polynerized to
polynffia¥tichepdcedNan® hrg@olaplye bf Btotiotti@llyReagdingnhaerdvtmoelasular weight

keep this qixture-at a pressure below the system s
compeeido 3 PRIYPFaedionsystgRdeddhus create a two-phase
[0004 eao\k"d)nléf%ﬁf 47¢ GRSt DY eryol%fﬂ:loI OFlcribh © Brcﬁ@& &hat comprises

noner-rich phase. The reactron tenmperature 1s al so

contimmiisly deerbnlg abdinembhempohydre rihstakiedene mgtapyst wysterh (0053 reactor. The

WD 1992/ 14766, di scl oses,a process conprising the steps .
monoper 1) CORBRK o BEPYIFGEhAGBY R ot AGHBREIO VARG BNt Reaction
condiﬁéﬁsakéé?t thEySi:ee WM 4 BrdsuFBtRldve BRNG kP eRAt pddtdp@ssure, and thus

a

cocat al yst conponent, to the reactor; (b) continuously
creategotwonplrase Faagtierhaixtwisreonsistingofa nedymereri¢hrand aomonaner-rich phase. The

.react or_under, el evat.ed pressure; (c) cgntinuously
reactig R Rt S SR R R P s R Bhe PREYS et or
[0005( d) WON199URTSh WissRR&S @btdigssranpiBIngf the Bep®bf @) continuously feeding
pol ymer; (e) reducing pressure to forma nononer-rich

olefingn gogopist yawer 3 rqagty Hhestem. avidh (¥ ol jogenn icagPaRanomad a cocatalyst
. f. [ o
com i % S0 051 LS AR PE RS Rl gsion e

reactod iundérod esutsi mgbsarg as@npialiyuslyr renatvignthe gotkiréronenohger mixture from

prodzégng_connﬁrcialLy usef ul ropylenebqsed polygens,

the repipr; ddkentiBeashot PR IBS MANATCH FOBLBAB ROIBBRE f(F) §dpging pressure to
ey » e .

form %%W%h%ﬁ%g&&m@‘n@ﬁ‘ hés%, a#?ci gl? gg%/alﬁlé(tﬁ%t fﬁ%ﬂ&mgﬂ fom the reactor.

I ui qui d phase”separation o ene -base
WO Hul2yign6 famdes omupetalgsti killow systmmai faroctbylef@@06]polymers and neither
WO2004/ 026921 . di scl oses a.Eroc SsS Hﬁ@PO| nerize. a

disclo,s%‘snﬂlég &P gﬁeeqqlﬂger PR §oRdipans Predusing oggﬁergtag%bu,seful propylene-

based 3oty REE,| I alebitRs WoReo  AREE t1Rf @i b@RE A 1BWAREIY consumption
conononers, wWth a catal yst conpound (such as a

and lovetpdant deeseent ain flvigtlaruid ahebeospirenen P pipyleaptbagad polymers under

&l@f%%h%ﬁ&}ﬂﬁﬁ%sa tenperature above the crystallization

PeTg enper arure of the pol ynmeri zati on system and a

[0006PT ESWONO0HO26IDIETisdIENRE a Wooddbatddsdipmertiziea fAn@el@f PRIFIAS having three or
pressure of the polynerization system where the )

more yboRBfaEne PPE9Ralln Badfpranse oF afincawdinghelefip cegwppmers, with a

j n I . 0 r t
cataly Y oribg R sp o 3 B0 B EE MlvrbE e U ERRLPUAME or solvnt, at o
tempeastercpabesetiic caystallizaten gbhpdatare efithe poll/hesization system and a pressure no
004/ 026921 teaches .a pol yneri zation process, for
lower\rﬁﬁél? ng MEARSIQY dhe gloyd drdint FSHiA eﬁ the pelpmeggatipngtysiem, where the

polynfthiR 5O bREH: lrc.bﬁlg)iségoe_i RordREe HréseW, %‘ﬁPI r@RGft Gf solvent present, the

supercritical operating conditions, 1ncfuding both
polynsir pgidmcivchetanthe piiefss hasagt thoe oysere werboniatdmoareviresgouat 40 weight

2o R O O3 ST M TR B! Sle SR commercaty
usefuPHRpPlch&aAh (A hipPRG dfRa- Q&SRO AR hdbNa Q& Rfhgt BE supercritical
two phases in a two phase system The current

operafing eprditignspineBiditesbath pinglseans thiorphahereaptioncsystamsamdth or without use
of an ?Ee%?omvgn?'coﬁl%ﬁén%t AR [het II)FIOFI‘ymer is in solution, i.e. is dissolved in either the

single phase reaction medium, or predominantly in one of the two phases in a two phase system.

The current invention presents a process for the efficient and economical separation of the

polymer from the lower molecular weight components of the reaction medium and for
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pol ymer fromthe | ower nol ecul ar wei ght conponents of
the reaction nmedi um and foreconon cal recycle of the
wo ons/07658% ecul ar wei ght conponents to the PCT/US2007/085365

pol yneri zati on system feed, useful in the

pol ynmeri zati on system descri bed in WO2004/ 026921.
econo&rﬁ&ﬂﬁbcﬂléof thd3 Balveﬁ(}ﬁolebiﬁaﬂw]:fg&t 9B8Mpamsht R A2 dIgheéRzation system

Fri eder sdorf% descri be a_ pol ynerization system for
feed, ‘és%h‘ L4 thenolapsrizgtion sysjam é?%CﬁbﬁcgmyWZQO“/ﬂ%é??dd. ng
[0007£r OFUJS‘? 1'6@@ R Wni%r3‘°989"\ﬁri]cp \Kv@ﬁ(ﬂj2l/(%('499§ (B?tfé} Cf‘)ﬂ%ltsdorf) describe a
wever, bécalise the systens descr
polynmlz%lmt sjzmaﬂdfosyestmalm vatittg q))ﬁ)by]lyel’elﬁnapolgmefsysncéuﬂlng propylene-rich
ress

t di scl
poly b Se RB R T hye v tvre bt Rofe dreribed are
solveﬁt%sé@sy%%swﬁﬁ)pol;[rrgg%hop@?ﬁéﬁl%rés@ﬁ%@a@vtﬁﬁtcﬁQildc[bsédﬂ% from 7.5 to

art t here remai ns a need neri zati on processes
20 MR# a\thlqzh 1@\106]@@! thomangeof ahel cylrnggtemm:ntmd%@/ toe2{¥) ¥MiPeh

[0008 o_ Y spé% ? 6&%@1!9' {na ?I‘céﬁtr Iﬂgy\rlel ne?xé%rés?%aeec{ FOﬁ Ip&ﬁfél}erlzatlon processes

that p@mer a@mm&waryd upsfad (Lj{ﬁbpweﬁd L6&h tfodym@bh@spcE@ly those having high
possi bl e, pr ovi for the econom c separation

molecyfar mg{ﬁ@p fmgmrﬁétp&}%y, prep'@ed W hlﬁh@rot\ﬁm@g@pqrgq and productivities than
t f
other\ggg 28%S$§ dwl?ﬁ]e 09%%7% T a gc%ﬁ&g%géﬁgﬁtloﬁ '8%'%10% &1%{ gﬂoﬁlgpolymer i.e.
with ISlﬁmmﬁml Gﬁve"sﬂfl&nt aué rlcbWCHhefg@’OﬁBJ]suﬂibn@n | thire Iffbl@llingr edvaheged product
to a Qrocess for polynerizing olefins, conprising the
separg{on e ﬂonOPﬁer?Bﬁlf’actl ng in one or nore reactors, in a
dense flui d honbgeneous pol ynmeri zati on system ol efin
nononers having three or nore carbon atons present at
SumnBy weihghtvedstion nore (based upon the wei ght of the

[0009?D Qﬂgr glrvgnd Co e{ég{;g&fmgm ; I gltepl%ntggﬂ goimrbsmg the steps of:
agd) vatehtdeting) infon@Br Cndr® r&Qtdi‘Phﬁ a%eﬁ@ﬂﬁ@%&no(g@ﬂ&ﬁg polymerization
upon the anount of the nononers and conononers
eRYssernejctin @m@m&aha)wn@ﬂmemr @otpcatomptoms dirpsgahat Hr weight % or
< e IR BB 1% A0, RS sBRbPRF 2B R o rscon
t QAMEN Pt & BbreldaRBOLYHBGUNdaL])dhe DY Sloed@idtods, 3) from 0 to 50 mole
pressure no | ower than 10 MPa (preferably no | ower
t HafomonPagr (hatcsvinorehe pBEnpef the TpOSY éncbﬁom%omers entering the
p i zati Ste dg4l O ¥R re.t
DRI 481 00 Y skeTone st SR ANTER A W of i

C polynwinieatior epseenh), aanytetlipetient aboves ahy er}tstaﬂillzesemttempﬁyture of the
fS %Slf\gzﬁ%%gé 1&%2%3{ a $ g{?tég{?e ggl y\?&é‘[h% ?(g MPa (pgrebf)erably no lower than 1
p@hﬁdﬁdd@’%’%fouﬂ‘ﬁ&tﬁrﬁessﬁ&) opFHe' ?ﬁ%ﬁfzéﬁ%ﬁt mt BRI less than 200
pol ynmer - nrononer m xture of (b) af it exit t e

r &4, owharn dthoepaymeoratmint eystanh ecqmms;ssu rthe irsomomghue edny Fomonomer

oPFe) iy vkt fRbl bl and So R g Maehle polyrer produc
PSS S UkSinfhg b R IR RAt &Ifdritait 2 FAYPEL-SoR8mENRixture;

pol ymer - mononer
(©) optionally heating the polymer-monomer mixture of (b) after it exits the reactor

and before or after the pressure is reduced in step (¢);

(d) collecting the polymer-monomer mixture of (b) in a separation vessel;

(e) reducing the pressure of the reactor effluent comprising the polymer-monomer
mixture of (b) below the cloud point pressure to form a two-phase mixture comprising a

polymer-rich phase and a monomer rich phase either before or after collecting the
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m xture of (b) below the cloud point pressure to form
a two-phase m xture conprising a polyner-rich phase
wapasazesenoner rich phase either before or aftBP€T/US2007/085365
col | ecting thepol yner-nononmer m xture in the
separation vessel where the pressure in the reactor
( @olyaicringa®ined rex tusia ttd sdphration @cdsbianha éhd [@edsirelis el)e reactor (or at
between 7 and 100 MPa hi gher_than the_pressure ﬂ
SU)SaicattPhH DRSIERN aRY 1Y RS b HpRtWesty & ap¢h 1PfdMPa higher than the
s
¢ B e Spa e ke MRk R b Rion vessel s above the
pof}ymﬁrzaha]s tnmpcnayse aifl tleatpblymet esrpebanteui885C wifii thhepaymer has no
i s _hi gher. a t he .mononer-rich phase from
tﬁ@“ﬁgP?ﬂB? I@ﬁ“@ﬁ wﬂ%ﬁ¥ ting the separated
m?ﬂ))onerseﬂalreﬁﬁlgﬁﬂ@ﬁﬁnéﬁeloﬁﬁl ﬂ{asg%ﬁl 8 P6kyRlcp-rieh phase; and
( recovering polynmer fromthe polymer-rich phase.
Bl(g)ef Beeychingthic sepandted m@n@malsmdggha[sa@lme i rgere ecagtors of (a); and
sents algiﬁgq cal . de on of. t he t her rodynam c
|n|f?8ﬁe (1W%gg?n3 %%VW%%%? Btdari es. [ 0011]
Flgure 2 presents a phase diagramfor a typica
ol ynmeri zati on medi um of the current invention. [0012]
Brief Peggiipsion op theddigvéngs| oud poi nt i sotherns for Pol yner
chi =\ I .
[001 Vai]ﬁgg{ée ml%%sgﬁéocéﬁgﬁcgt(g %c@% df::,ﬂé ?ﬁg&%&hﬁ& d¥finition of binodal
and spinddapbomdadiee having a Mel t Flom1lndex (110/12-ASTM
1238,, 190 0C, 2.16 k of 32 g/10 mn available f
[001 ltxxolﬁ%'fﬂ p@%ms @egha%z)(}%ﬁga fo;g_ﬁ, E}g}ﬂ% pol Tgygggat?o)n IP%{M@]Of the current
invenfibgure 4 shows the density of mononer-rich and
pol ynmer-rich phases forned froma mxture of isotactic
[0012pol Vifigormy3 ereser(ts skoudupbind: iseRierp® fqrrﬁeﬂyracrdAcpiﬂ@»WM dnd5. (Achieve 1635
nonomner re 5 |s a

is a cymsary vl epr.ns HacenZsihited gty wgb@rwﬁwaﬁa&ng a Melt Flow
Index%ﬁ‘&/@f-ﬁsmﬁl 138t oo POVeTd kOof 308Y 8 h@latRRBI fifnh BRx&Mobil Chemical
the I nvention [0015] For pur poses of this invention
Companyl Hawestast, dex6s. t hereto a catalyst systen1|s defined to
[00132 l!nglﬁlgegﬁrb ho(r]}%‘ t% 8n51%0:}2 m%rclﬁnlle\}r g%c(l}f SI,ld (B%)Y Sntlerprqc ra%eﬁséﬁormed from a
rnlxtuf@oﬁ@dth&&tpbﬂﬁ)roﬁﬂyneq@dotacﬁﬁ PPblﬁoltyﬂlbﬁhﬂtSﬁroﬁyléﬁ@Mbﬁ@ﬁetbe
optlonaII% supported on solid particles, In which case
[0014{ he @Qb’ﬁfb t 18] & dzgessn P4rd pPelymMCHBaliQt ATOFSYS eyBRIEWRE a phase separator
accor I \PE\{%’ ERTI ES OF PURE SUBSTANCES AND M XTURES
ure substances, including all types of
hydr ocar bons, can exist in either a subcritical, or

sypercritical state, depending on their tenperature
Lkﬁﬂgaék§$é§§@#gﬂ5§ﬁﬁgﬁgﬁces in their supercritical state
[0015POS Sfeo??l lé[ﬂ)"s%I (ﬁstfﬂs REvARRYS he@the@NEm RREEB AR SE system is defined to be

proper are
the combination of one or more catalyst precursor compounds and one or more activators and

any optional co-activators. Any part of the catalyst system can be optionally supported on solid

particles, in which case the support is also part of the catalyst system.

CRITICAL PROPERTIES OF PURE SUBSTANCES AND MIXTURES

[0016] Pure substances, including all types of hydrocarbons, can exist in either a subcritical,
or supercritical state, depending on their temperature and pressure. Substances in their
supercritical state possess interesting physical and thermodynamic properties, which are

exploited in this invention. Most notably, as supercritical fluids undergo large changes in
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exploited in this invention. Mst notably, as
supercritical fluids undergo | arge changes i npressure,
wo b@sn7esensi ty and sol vency for pol ynmers changeGT/OS®07/685365

wi de range. To be in the supercritical state, a

substance nust have a tenperature above its critica
pressuirempeiradensiey aid )soﬁzﬁiﬂcyafdirlﬁﬂﬁtiéle Ghoys dve8 aCwidel faage. To be in the

pressure (Pc) letures of drocargons i ncl ng
superqﬁt;g@ﬁﬁté‘rg @)]sut?ﬂ%]e?rgp@t B a&,q%lrpgratlgﬁa D5t YR ternperature (Tc) and a
pressér@la 0L Sis MYC% %?@sgﬁ% cbt 'M@gtulteg 'mel?ﬁffrwa%ngrﬁ)cl mixtures of

pseudo- crltlca pressures whi ¢ many syste
MONOD@Is, k;ml:apmp)andrmmnbnmyy reolventsy detve q:rsemm -griticatl tanpafra‘glw (Tc) and

pscuddrealilel, LSRR 0Bl I avifien ' ity D8R Shisteie, Sl nitprrimated by

molc-BROYEh-HBBhicd PHRUARS Il ih'ec@clrretsmgatcﬁﬁ@alaﬁ@pﬁh% 3?@ WrePc) of the
above their pseudo-critical pressure wil sai

mixtupss p(pmaormpe erxitmne@ alithat tatn@e@turp hb@@ thein @squlde critical temperature and
a ret hr%r ﬁodé/ a % hav co[é e c F/el E a1 m Xt ure?s caf state or phase,
PreUC AR S SHP & s UK P'?%“E L F & Ei,u"o § Uhit BerqEdy p
and t}ﬁ&h@ﬁ&@&jn@ﬁlctmh&wbmmba@ﬂnc41 heix @i dst witidbe drRMRBLAIANUPSKCritical pure
(Tc) and critical pressures é of certain ;%ure
substagess t BofcRigpessh of ki inentien tb@ eriderl teraRpiuresH Tat end préfécal pressures

(Pc) (BQ@%"[&ET&BH% %}@,s{aﬂ%sr%%%ﬁt %h fg}%ﬁ]gﬁ\%ﬁtl@? Qréj H%%é @Rat found in the

Handlﬁﬁﬂlhﬁ@lﬁk&ms@ﬂ@mﬂ’%@ﬁcs David Rewidéo IEki;torZﬁQ(Ihnef [82nd edition 2001-2002,

articul ar and Pc.of Iecte st ances  are:
CRC Bress, 3Lk N %@&pﬁﬁ@E Inmapiguéan tﬁe@)(fm %de ybsignces are:
Name”y,qrocamf’é‘(lgor rich(MlBa% an é/‘]rocar OFI%:(Kﬁu ”Pé‘ﬁ\/ﬂ)@)e
Hexa :I yllb‘l ] fSQ’Lg” ,,,).1.23625 UIPI_QPI-l pUI y::t.l -jd9(.gl )! 4 4L:

150buy o i 20 b8 ome. arCkror duns, at or 4 o0 e di cbibse
Ethanﬁr aces 99,305)3 any thlhdr rMQﬂlﬁlﬂ%q caom HPQ-ﬁﬁg rmﬁrﬁ’?&rq
Cyclobn@ngol lyné6@0 ik a4Q8y t tRutarsdynani ¢ @2op2riy. 3496
Cyclopexttnr €' s5phdse| may.Jde eithelensol i d,| Q&8pé4, |Iigulidd, o
1-Butanssupericrytg sal | fl uigh Farropyemoses |of3autd s|i nvemti on,
1-pentcd® Supergga 81 cpl B4y d phassheARMeal 130885 $! NPy be
e R T R e
Benzeng ~, o 1 962,05 48950 Jyclohexane ~° 353 8
I-hexgng oler PYA-Ha1 | {ermdr at DY when i ¥9-%r bss A2
273284cd®8s its critical, or pseudo-critical pressure.
[0018] When m xtures change their phase by virtue of
changes in tenperature, pressure, and/or conposition,
P}UmﬂhBEHanG(Haid to cross phase boundari es, mhich may be

represent gs a. loc s of poi nt rve

[0017] e rpkfteait R B dioraoan agrraw@rewﬁév 083 anse o O thp ppiymerization
systetﬁ,h @h?ﬁé%\i{ I?glrcltﬁfotr %gln%ﬁ{ér 91@ ﬁ§§ Ea'rfgﬁe:hsln%g{ovn\gtgﬁ% %?ﬁﬁ?eé&fatlo system in
the oh¢ qui vhophagmsatons| 6f lIiEE da;lcloe@ﬂ fplrcweslselsl quiady péthsre mixtures comprising
boundaries and.transitions of .tenperatures. or , .
monopiSis it RAYIRR, st SEX HOROREHIR GAMCES: iy BEITF sy be cither
solid, Vap&slifhidi 6-d édﬂ)léfc@m%&lamﬁdit FONSurp&RE oPHﬁ@&%@ﬁtldihf tHePupercritical fluid
i nvention, the phase boundarles bet ween t he S|ngle
phasehmquémwgnplmhede&rmd taves the diued plidsen dfmlxmmra)ls ¢Hersred to be in the

super%}qtlcal[ Eu],[dl Iﬁlaaa zvlhlera 8[{; gen?}}erar}ﬁ%ee}xg?ef(ﬁsllg aﬁntl,rc?l PH?&G%HS’( tcaﬂr?i%al temperature
and W@é@&§pﬁasilﬂ@e£de@&lﬁtm&ﬁh1 of psdulocrielod fpedsh@e. i nto two

hases of different densities and
[0018 When mixtures change their phase by virtue of changes in temperature, pressure,

1
D,
§
b

=

and/or composition, they are said to cross phase boundaries, which may be represented as a locus

of points (curves) on temperature-pressure diagrams, where said curves apply to a mixtures of a
-5-
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conpositions. A given point on the cloud point curve
Wil be referred to by its cloud point pressure. The
WGeb@aw7458% nt pressure can be experinental |y deP€r/ms10etd085365
as the pressure at which, and bel ow which, at a given
tenperature, the polynerization system becones turbid
given@em@esition. besk p’ugpohes thg]thﬂ'ﬂhoﬁJ thy @hasa, botnddoes bytaveamfluill and liquid
Pin In Eng em Res. 29 (2000) 4627. For
phasey, mlﬁ&gecéh@f% flppg-Gayid phsei Wnéﬁ&st%é tEAngitiees ph ieEtureh g1 pressures
that CFAS? lﬂlﬁ’es@ﬁ)‘oﬁﬁ drids Fe%tpéﬁ t%hésnﬂlﬂg lﬁlu}d,aﬁ sHHHSOLfQJP ptuﬁf‘oses of this
sel ecte yner atlon systemin a cloud polnt cel
invengon, mhaplmh@bmmﬂiaheﬂbﬂiweﬁcﬂm dingty hdmogenessfhued and tvheﬂuld (fluid-fluid)

ons of rapid,increase in light scatteri f.or..a. ..
phascgnd e gelErlatd PRt B Spuipadddiogtiors deefayiddlidiiner supereritca
fluid) GhiRHEe BRLERE tEUEIYE] Pdind ifli¥ RlafdbroRe MfHatrv&}oZ ak&rbff@ffét’éﬁ@ densities and
is depicted in Figure 2 (1 bar = 100 kPa [O %
Compmta@@ béumqr [pelsnt @@tt\he@&msiolbmuts Cla'ﬁd Wlllmaj@fe(rredeto y its cloud point
§$> Ii(gﬁ i.ds or m@,(i ‘ﬁ% t which,
press%ﬁp Sr %ﬂmtfl?r ‘?SBEQ) b9 e’i?&“@ﬁfl 4% el‘ﬂ?lale 10T Popsure &t whie

and b&letvihikh Qahzl hGivenhempébeird, i gbl?ﬂﬂ@ﬁ@tﬂoﬁ sﬁstbm%b&)le@tﬁlﬁﬁ@ as described
boundar i es, Crossing solid-fluid éor sol i d- d)
in J. Blediair KYiviear CeDavivd pndgé €aPingy 186 fng. (Ghemy P(eér 29 (2000) 4627. For

i Ui i ¢
purpog%l dlfg@#sllﬁx:fgéﬂ%% tra{lgo ¢ %@@I{gatldle\‘gso, lFt’ as}gucggédﬁ%lsqgea%ured bé/ shining a laser
througlethersekedtetl @ohgnahtich systind ir{ arclsxdl p'odntl ded,wntb a photocell and recording

tran3|t|on t enper at ure. However of m xtures
the PResEs 26 G GN1Gh O HRBIIINGEPES it 2Bk AFABVENE i 8817 &l dggperature.  For
| ( [ ;
purpo§ée§pdefﬂﬂflél%f‘é'tlgn tRE cﬁ)g,h rp@g{tlcgi#egaf atpt? glhlg{gﬁéﬁﬂgﬁiaa!ﬁlgg rne(%%urn is depicted in
Iﬁgﬂéb(lhm#*ﬂOQkPwe when the direction of phase change is

lid,or fr ma s d- f Xture to a i d
10015}, 294 S Rebi e BPFau T o sl S o™ prglies o liquids or
betwcRh 3SIEE) and P&‘éhtl%'ﬂ&&s vall %etcﬂﬁed)ﬁchﬁitﬂﬂuﬁ (bP%olid-liquid, when the fluid
crystallization, ie en the direction of phase
phasegh adg{eud) phpsedhnuadayissi défowl@sc‘fhduﬂmd((@m@hdrhqmé)ephaseqm@daﬂes will
be cal(i)edI S0 dﬁ u(icri Iéérl ﬁ 1q1u%d) ql)ang Hase A smgtléo B??llslf o gglfci-ﬁ%undg(or solid-liquid)

s hedessary
phasebBéSMﬁl@fy lhha@'S Be troferiedPesS afsolitansd t(oonslidigaid etlira[fﬁltlon ternperature
melting and crystallization will be used, and a_si
Howepel, ipaynof méxtpiea gefced ieian yhinidisclasarer exhabit so tdé)ff%"ntl %chld -fluid (or
r I a
solid- T4} Plck URARAL ScRndhe®off e iolb b B phose cppnge. One is for
meltirg), &. reheh hies éirartios olf ipbadel chibgke(i0 frosmh isolid ogftod)a shid-fluid mixture to a

fluid-solid (or lLjquid-solid). p e transitio ar .
fluid phase 2%%%@ ng%%aipar%w%wg st Wftg?}&h%[] d and the other is for
crystafifAa 868,66 RALY HRS difREibRdS {ﬁﬁgéeué'ﬁah%er & £6tl a QHR-fRe fluid (one or more

photocell ‘and recording the tenpérature (at a gi ven
hquldp]resspcm:et)lcaétﬂutd')@h@m@ta plfase apingrising resabe phasel i When it is necessary to

iR BN, L SR LAR, LR BT O8R5 4 BISRE ion it
used, bd hisgifle p&iat &€ HeNthakdBbiiRLINGIl Berdiés@PRER ANGRItRE témperature or
solid phase (nelting). For purposes of

its crystallwtlr)mtétrmﬁr@mq oFcfrlnmmDsesgf ihep- iguprdtonranditbe rlajmythgroge, solid-fluid
(or soﬁl(a 11 4)I eglldl ﬁl?ud%'&fj‘c? Pilffl%lg ?); oafse %%sm&%s are delterrmned by shining a

Crys |za|onan or a

heliur mdsymrcwgatth@gblméﬂ pu‘ryraeleza;ﬂlep Inﬁ,‘ddﬁdn lifa Ed:lgblﬂite adhofYdéiblnd recording
DENSI TI ES [ 0020] As descri bed ahove, .the neasur enent
the tepeisiEe datfH GIYER PressuTE satdBe epsat 9é gapég, 1&@@@5@,@1 light scattering indicating

the formation of a solid phase (crystallization), or at the onset of a rapid decrease in light

scattering indicating the disappearance of a solid phase (melting). For purposes of illustration,
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mul ti ple cloud point pressure neasurenents at a
variety of tenperatures for a given conposition
wOor00BarEs9 usi ng t he experinental nethods descrP@PUSI07/085365

. Vladimr Qiveira, C. Dariva and J . C. Pinto, Ind.

Eng, Chem Res. 29 (2000) 4627. This phase boundary
solid-flaida(solsd-mgrecritial fltidt dresobquifuid) phade Ghumderi{sEE8)othvlgtetigstallization

to. predict the. thernodynam c and phygi cal praperties
and n@ﬁmtgmép%rfax Y vdisa! pwastgationdnediyry jage dapicier i Figyeia,

and/ or vapor over a range of tenperature and pressure.

For the experinmental work supporting the current
PHASEWDENSIBIES a version of the Statistically Associating

| ui hea SAFT) ECS calle Tl . (H  Adi dhagrns,. .
10020f 4 oA S5 IA éboe’ﬁg?hec%aﬁ}lreﬁ@gg OB phir ORI ) gﬂsgmn% by making
multif1€ 8bub $R¢ht fpBdss B infeaBUERLRR -at BREAMS @ f RIAKSat8RR I AL bRBn composition

~experinents are run at hi gh tenpefatures and '
mixtupy, eiswgrtes expicrimogtal sueshddy  desgribet inchIViedmea@pvera, C. Dariva and J. C.

pincoy ;1 BRGEIRET R oo et IS BrBstbith ey b b RAR FRipe Equation

of Std¥¢ €BDS} addplkap @f&dia&h@fthdrh@aﬁm&aﬂa phaviealbgepertisLef the individual
lieu of directly measured val ues in support of the

phaseg,jer Buid, liavidnsqlish and’ar yapgs pven e hansesofyemncragire ¢ad egespye. For the
i nst . r t.eri bal > i. ..

experﬁ%ﬁ{ls&%}% d&@g@ﬁmg\éﬁg lcﬁrg%ﬁnlﬁgérﬁ',ao\r}égbxggsﬁﬁﬁ gégﬁ)e?gﬁ'tlgt%ally Associating

Fluid TatorgldS AFSAEDS dall&! PAETI ¢Hi Adilhardsa, ah Radaspled. SSBRTI Chem. Res. 37

nmodel. s of the pol ynerization systens and i
(19985%3%)&%&&9@ &S@egaﬁ%}ﬁ iPYFPOSSs Shs _@ﬁm Yegration gxperiments are run at
high t@nﬁ%t&gsoatﬁf‘ barek, 163 u9& Wrgﬁichlnﬁ)l éé%l@ﬁldymﬁa?f phases in multi-

mononers, and catafl ysts sor?’e at simlar to the
phasecmixt@ns to mi¢nninentheip womplositihn i argphydiealr ploatities| andl thugehe predicted

mount s of _al kane sol vents in the.polynerization .
propelig o fesd RES Qo5 Bre Gidae e AP Shruted KilHes resupport of the
currerf Yhve@fibn ! ‘Tl’lﬁsnéﬁ[p%h ey BeddeRilid¥Ra iif belr B%tahB&S §hkdP@sterial balances
of material balances. SPI NODAL DECOVPCOSI TI G\Iﬁ%OOZl o
from piftpdantourieoniaercisd phantsthave beensureh tasaladaprod 4 HEH ELS prodictions. As
o B SSRLE 8 o BRI SFPhS IRUDELD Rl sepuuion
systerhd Herstibed RAUS 16, ¥810800end, U 17, 1&B 1980 nahick @hyludd pEYmBRBY nd@omers, and
depicted as T,c diagrans for m xtures at constant
catalysis se@igwhat(sygilan tp g quarcabinyepticnp butarhigh Bielydsaclgtivdy darge amounts of
n Fiaur S ' ag ; .
skang 6Nt o th b oo e DA B el B 88t rgsoures than the
currerdema@haoe, diapeo bedni venificfF by thast tipes ofiperent batlanctur es t he
conposition is designated by a series of conposition
variables C, where i refers to each conponent in the
SPINODAIUDHECONMPOSPION bi nary mi xture, a single variable c
w || adequately denote the conposition. In general,
[0021{ he Rjebybeuridades ehmiredicsirsudi as h@obyumarigation medinti, omyi i depicted as
tempeg?uq%'le:-}%rlﬁéfol{% :B’g Hgag{n%lil)éstr §¥ S?oﬁ%gﬁgﬁé}pgﬁf@@ Hﬁ%{ﬁ{let astHu 2t i Figure 2,
or altBe@NSy, d@E| eyt BE deplchaBLs T2t didfrafiR dok MikRir&atdcdtsRaf Yressure (as
' m xture of pol'yner and a syng[ e | ow nol ecul ar wei ght
illustrhtgd concepbwHy barkl binedad snpyssn Figune VeeriFapHiagtansair mextures at constant
tempe&\%&teeg %Vthglg(egtﬁg lgt%r%bgloclp Sg.lgsrg(.i %08 g%ne getr é@%féogslﬂé nlef %ﬁmﬁl?lgc%g%p%%ent mixtures
the cERpsstRR isRIRSnIRRIK! £dedidy &t SHifoskiont NERLIRE, where i refers to each
fluid-1iquid phase boundary appears as a curve (which,
compdmank owshagnixture, but for a binary mixture, a single variable ¢ will adequately denote the

composition. In general, the polymerization medium of the current invention is a multi-

component mixture, but for our current purposes of illustration, there is no generality lost by
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term nol ogy commonly used in the art, we have
desi gnated as a binodal curve) where a m ni num val ue
wo@RooBeNg5eY at ure (which is al so conmonly cal | edP€T1ES2007/085365
Lower Critical Solution Tenperature, or LCST) exists
at a concentration called the critical polyner
consid@ingetht rpplynudtiatepinediuite tei ndilaky eniktes o!Mpr;Jmer and a single low
presentsthetvvo ase (fluid-Ii UId
mole%@s hydgocgriogcad Bie Cﬁa}n%%wmé% blg ﬁé%%?gtﬁ]éelb??a‘éeémte polymer
r t I
conce?%t%’d?‘ﬁ alggv% r;t]hl%n B? %&QJXLUTHD@( ﬁrg R, Q?F%:Sh b%ﬁ r%gtreé;b T,c at constant P as
depictetias @sguré'—ﬂ ottrefrittgpufleidiquid phase é)pplaxiaeyl tlp}bdaast asf oruran )(Whlch followmg

i SRR P SRR 1 B R2T e i

valuc @S TRASIrhuRNEVHIORLs ASEcdmBANI dal 1Bl tHEM ¥ EMCHifi&1 Solution Temperature,
pol ymeri zation medium and thus in equilibriumwth

or LC&d ¢ hexatthetra cadgentoftiontreHed thexarigical ppéym@rsqmp@rﬁ@tlps (@it). This binodal

curver BARREPREh FRORE s kDAl Bndt 2Pl Bty bk dGPbine where

the sthgl@page’ poRnichigatich Hediubheisbit tqilipaiih @fithFagtWepHase mixture of
illTustrates a curve representi the chem ca
monopist-gih jad pEppr-geh thasasi n&rgm nﬁglgtu@rle inds appyset theh fof any given
q Th( h |
tempe Bl P FTRTHE i B Blestied by IRRLG ARG & Tl higflasg two mixure
compdiiti @nsathstoart hﬂteqﬁfﬂmbﬁarn) with Bg pelynerisativmembdiumt wad thus in equilibrium
m xt ures in equilibrium their chem ca

with ¢a6h athera| nemqgfh%% MEiYEG COTRPOSHIMISYIS \FanpRMegtTich gempasition, and the
t v@alqu e r

other Cduh% g}e???glﬁswar e@lﬁlg@ &ﬁé'sgq@a\{o @@npi&%}%ﬁt %ﬂacé&ggﬁfa{éﬁ as ¢ and c¢” on

Figur@l bndht hogobnparcof Fegurd hellestrates a mvmrd:mcsesp@ itfed chemical potential

pai nt where the first partial derivative Dm wth ..
(M) o € BRS¢ [UIRISIE OF 619 & (BMBEFArE eqeiag)tt? Tripeiojthat a similar
el moLy, r r no "N
curve cgﬁldc]ﬁrc;o’ asdi]?d;bl?laﬁudst%e? a\}taglgk 185 %ﬁ'hfeh%gér %gi}hgagﬁufc(e*) ﬂﬁkc , since for
two needsrto deiinRquifibfrigptheir kheinval powmaEs musnise @fual. 0At other values of ¢

i nside, the spinodal boundary, the conpositions of the
on thiysweee At a@srqm@ﬁ @tfp% |V9h@ﬁ,-&mc‘<,ehthpwa@tb@r ¢inpFasitions are not in equilibrium

with ¢ ﬁ‘gfil gl y: 81%1@’ b{el %%\néngg H)é%eé SPﬁ%%}%lLH,OéntS Vm]ilegﬁ the first partial
derwatt@@%&p.?wfitﬁrrgﬂlﬁc% c%ﬁff)bblﬁk’]ﬁ? "t‘sszé'f@ "(@ﬁﬁ\@@ﬁ o)atrgy 1sttﬁ1@ﬂle?fnodynarmc
nor phol ogy where one of wo phases is dispersed as

crlterldnnmaeﬂsﬁmas the cspmtodmhmndaryt he mﬂlmetrratpdh azehe Igmsghdaal tctmtructlon in
. cross-hatched.area in Figure 1, re
Figurd L Por PRy Stnth 0 Tt pET RS aGe T ombSsidons of the

monofcBPieh SEEH | fblP&ORH NIRdERsOfdiffde setrRhtphasS s éﬁﬁﬁ{bnhhﬁ to form a

pol ymer concentration in the polynerization nediumis
therrnhdﬁgﬁ@frlcatllyanméf@bke tWh@hp%ﬂ ymtute.c hipplastends teodeinhusuge-continuous

morpl%(%I \Aﬂ%r tﬂ?a% PRo &négl%ﬁo Qto{lg% % tw% C[&htqges is I%hspelrsed as droplets in a

neri zation OV\EI'

contifiRADERthel dtkdr fHhasse Iﬁs‘EdeCtthBtdrdSBsQia&he&i rarermnyﬁgm’@on ith@ RAtisture tends to
of the current invention, the polynerization nediumis
form g moyrphyl %gprh@ré opp @f ¢he wa@w dispsrsedh & frsetiaicof the other phase.

VWKmﬁégkgl 5ﬁfg| e ﬁlpblnogg %?ﬁnagg@e%ﬁ |gd§%??%nfﬁ3thepownmp

rich p}hnSB:CleS:Snmiuoﬂ;lp,l amdd\ahendﬁe poposirtdoacentefiet & the @lpnatassn medium is
whi ch a rapid change in the tenperatureor pressure

loweri tﬁ%fﬁ@e&@dﬂ?ﬁﬁﬂ%@r 1%@5? e FORSER AT Iy gmppdi@s of the current

1nven§&§  HRIHAIGHRFSatRAL Hedibf Bia nl S‘i’r?sl:o 4 pRA AR rb%@l@'tha@%'?%‘o@%amlc state

to a point inside the spi boundar’y. For th
(T,P,ag vawde plaoe Ben ¢lif guglic pbase region outside the binodal boundary on Figure 1. The

process of spinodal decomposition refers to a process by which a rapid change in the temperature
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i n produci ng the desired co-continuous norphol ogy, the
tinme that the thernodynam c state of the system
WO e@Bdas8d n t he area between the binodal and spCTOS2007/085365
boundari es (cross-hatched area of Figure 1) is short
enough that the undesired norphol ogy does not have
or presuifrt iicbfedted tammote tixethermodystaid statead. thd bﬁtﬁﬁ actosy dbthethe binodal
[ at satisfies thjs cr%LErlu nmust

of tinme t
and sgipedsl P righis # peiaf inyidedhe gip P 25 tgﬁ chapgeibe effective
n progaélﬂ did de@ %Hgﬂ@%%tﬁmg?%%lghﬁgbgg t‘ﬂt@ gﬁé@%ﬁﬁ? g{%glﬁégynarmc state of the
systerg (rmsdieanm tho arashetvemn, thasbmddahsmd atieodal ofndpmice (&ossfhatched area of

Figur{)g)lpljérs% %{1_%%_ I':th%trtaélﬂl sg% %@ﬂ%ﬁ{%&ﬁn na%g'a&ffl c?e%étime to become
establBHEOWTKE cRlct vallue of Pﬁ{eytﬁﬁrsagﬂgésriﬁﬁ rekiRGiud fhuSiChEMG&mined empirically
March 1983, v. 23, No. 0022] The term
for ea'chpnb'm‘lzatmjhmpdmg)e Smnod oardarics mel atsorbsatgpictgdeon phase diagrams
stream t.nat CO centr te
whie §ol R ag o B RS rHa S P b P Bl MO EL S e 2. A fon

treatrﬂdﬂﬁ o Be 8Sncepi erafOBO TBInd i€ thdhape A Lbe- EH@?%E Solvent Separation
parat or of the present disclosure, for exa

Meth@o n@@rtcﬁlﬁt)\é@klteh &l-nBolrrer Englﬁ%aﬂwé Spicage Marplh 193,;;@V 23, No. 4.

[0022? eaof"l%r te 'II{I] ﬂot[1§er ?{cﬁ alﬂ'%?é" ?IE]@H&%& gt & ”S(Ilrr & %¥hed to mean a
eavil ng ase sep or Of resen osure,

phasc@® rstraam $hat bendmt‘tﬁxﬁ’ehﬁmloﬂoraeﬂmmé'sem mmrmenmrcatdqmprﬂdnanpstream in the

proce%s:?] :%(I}Fg%gmg{raeer?r?@hplgg? élg}% agetaﬁoei)prg%l %&tygrﬁ%@@ cc:ﬁsfc{ogl?rlel Hor example,
conceHFAE @R SHo TNt Weﬁ:ﬁ@ﬁ&n@ﬁl PRt D iR itk Rfluent. The rnonorner-rlch

concentration of the onmers present in the effluent
streanafeatving tbx iphassfsepdretor e dteopresapt dfselloatrb ycoamtalhe‘é]stm(ﬁm%ers in a higher

0
concefqg on4 5}? h{%&%?el éﬁﬁ%qné l'ug Se&eaff?oq/eoéﬂo q:n? §B/g%%$aré§bth¥ rnonorner rich stream
has amkpgmsﬂn}ére hi@adt&d MonBRlcY PREschi & cORPHBA A6 the concentration of the
"polynmer-rich streant are defined to nean a phase or
mMONoyYerse ArpSEIH ain &lgnfzfﬁmrrtaatefélem@ pfaltlwrmacm,ewrﬁ@rablm g least 20% more,
preferaf)lly a%n’llreasrﬂ@ﬂy“b ggegtprﬁ St é@‘g Ry rplre F:raPEr at least 50% more.
Analdgb@sigthe eir®ClpoKMice-rich @ha@)@n’pb@meﬁ-@lﬁﬁ efédndtt 86 dbfifed to mean a phase
nmononers that were present in the reactor or in the
or straEhhEbFONSEHITAIRSHHC PIIHBICHDIFSPRE AN f PEPRNS O QBWRTNH WipFEcapHi@ the process.
r.ofy t r i sclas 0 t
The ﬁ@gﬁ%?g@%ﬂg@ hllng heer Bg%s%c: gﬁa rld 002 {h% ﬁfe?%tﬁ Hltsabﬂﬁre B example,
conceptr@seiic monbinsrsefhht wend preSpIﬁCinf theatehgtot be up)(nhey Irrmctdrl «ffluent. The
has at | east. 10% nor e pol yner present

str eat;n s .
MONORSHHSR IR T INED e MRS SERRIPPT 1 ethgoPirEl %ﬁ%‘g%}’ﬁ? contains the
rnonofn'%lrst fe aefi %h&emnc@ﬁtra{tﬁﬁ @xh tth al;eh ?re@@rﬁcﬁlofts cPRher affe¥ifically the

| east 20% nore, preferab east 30 % nore,
polynmr eicksalbdny has et llemﬂo%)%m)pcelymplr etemabs yoraparbé asthefsﬁ%entratlon of

e pORES P eSS SIS o AL LRSS 20% more

preferdbly &t 1%@5%% ng%':ﬂryéﬂbg\'a@YﬁIﬂ@A[ #8731 r@feﬁtb@hﬁtr least 50% more.
a-ol efn or higher alpha-olefinis d elneé)as an

Flgurg|4p¢\faﬂ1®ﬂ distlostiaViriberf idlustrases ther meamandoh nanomsr-rich G2 polymer-rich

&/&Feral zation is defined to include any

hases
p Iilymsrl Zation reaction such as
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honmopol yneri zati on and copol ynerization. [0025]
Copol yneri zation is defined to include any
w@odogegsBzat i on reacti on of two or nore nDNOMEPGT/US2007/085365

[ 0026] When a polyner is referred to as conprising an

olefin, the olefin present in the polyner is the
POLYMERIEATERNY SYTHEMSE t he ol efin. [0027] A catal yst

systemis defiped to be the cqmhination of one or .nore.
[0023} 5¢ aﬁs;hé&hebﬂéé?ﬁ%a? ebapen gle?laugéeﬁ%ﬁq @&%@PQ‘WL“'@ hgying four or

nKKegg%@ﬁy@hmconpounds) and one or nore activators. Any
part of the catal yst systemcan be optionally

[0024% upPriymeeriznos olis ddgimed i ¢d emgcluda why cholyageizitiom reaction such as
art .of. the catal yst system [0028] A

S ort is also

hmnoHﬁBgﬁ@??%@@Pﬂﬁ?E ¥PER4Odef i ned to be a reaction

[00253Y S t@SPoTRARABbMN G ARMRABG (iRdludd Sy BONRRATRIdSkadtidhSof two or more
pol ymer ('s) plus optional inert solvent(s)/diluent(s)

monopictss opti onal scavenger(s). Note that for the sake of

on Lence and ¢l ardt the catal yst s em, s ways :

10026, 30 FRLE G SuBRPrFL ATt 1 8€ sPRUBAFE SRR, Ui pREH M Rent in he
polynik iethe pORBRACET forrofsnslefin t he reaction system In

this regard, the polynerization systemis defined here
[0027har rdywatelyshasten st éitdeg to Ae threcamiingiond] gngenrinpereicsfalyst precursor
compfils (AUPLATTE UaERR 1865t Al SFRBNDY ST BE RO RaRAHcks. Any partof
the catdfdtryiybtemncant beeoptionkilly euppoesén sotid tpagidhs| ymwhichatas©the support is

reactor and in its effluent is conposed of the
amoP@GP;ﬁ?ﬁW%%ﬁ?%ﬁ“§93ten1pIys the catalyst system [0029]

po : . , .

O B e e P AL mp R monomerts
plus comemsbet) nplos nexyregr(pl plis copremehendrs )soplcuts )blugntés)( phus optional

seavefegf Gy Kol 0 el oL RGNS kTGB! (&5 Lebipongtom is abvays

addre @%@ s85ahi¢lyS fnathR doreddae e 8 Riont F8mt SABE E&h}l%tﬁnﬁnﬂesent in the reaction
pressure of the polynerization nmediumw 1l assuned to

systerhe Iethistegerd, theeol yengyetonsystaamd ¢afiasé bere nefrowhiethan customary in the
ol ynerization system [0030} The . ter sol vent d o
art of SANBRHAAPL B PP B ormitig e b S o By M pgtymerization

systethNVI@thé @Msrer@Ndbfiaftfdnd éfd MmeduicOprb&nain tHRepdly@OfRBIBANEadtét and in its
the polynerization system ie. a conponent which does

effluchbis comperegef thcralywarization sestes Plusehe sty $ysio®t em

0034] - flui eser | tari ' eif-
100294 Pt rd DR A e T B OB RS bl iy, from the
polyntbeizativecksyatend, indwimediraadted tmbedmend) gliisctoatonomer(s) plus polymer(s) plus

. supercritical state with depsiti ter . th 300

optlork/ag ,'3%1 s[blcy@@tgﬁ)/ dAuﬁlgﬁ% dg% Gatgglﬁ‘{) [reli;;%&eg ! L?q g{)]tl(ggggggqﬁenger(s). Unless
expre&%ﬂts?ﬂtéasoﬁkllwigé, thé St?rﬁﬁé'["@@l&e BhS pHisSRer sefhe B oR Tedium will

a nol ecul ar scale. In our discussions, honbgeneous
assunpedity herqueatd tba teysrame aderessuzsif tiyl wlgeasatiphagesm, e.

ither in a liquid or &iu ercritical) flui.d phase. . .
10030f,¢ oFioan iVt i Eveoh SR e Faphery St GRS ot invention,
and af0&FInB@%o bBGhUA&Gt thapsahaly Bl po¥fh&MatibhypstéhiCic. a component which

catal yst system nay or
does not undergo reaction in the polymerization system.
[0031] The term fluid describes materials in their liquid or supercritical state.
[0032] Dense fluids are defined as fluid media in their liquid or supercritical state with
densities greater than 300 kg/m”.
[0033] A homogeneous polymerization system contains all of its components dispersed and

mixed on a molecular scale. In our discussions, homogeneous polymerization systems are in a
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may not be honbgeneously dissolved in the
pol yneri zati on system A honbgeneous system may have
WO e@8onssmi t h concentration gradi ents, but thePer/s20T085365

be no sudden, discontinuous changes of conposition on

a mcronmeter scale within the system A polynerization
singlesdedbephass, iBadithboimgRNEad 08 (superritital) Aujdgrhiabd. | Wote dhdt@ur definition of

re than one phase, but rather is said to be a

the pcﬁgqlgp@élgﬂ SuHiemcipes aph 1n[:]01égg]e cataly§t SV $ten; H]éls the catalyst system may or

oy QKRS BT BB . Qo

may lmoe magiops epthl conBantraiobugrgdients Bouti theieswbultl Ve, né Buddes, discontinuous

terfiar utyl, p-tBu is para-tertiary butyl, TMS is :
change§ hspraegiory s Sicteis bR T LH e D3t AORY MREHE system is ot
homoP&icBYd alnsl ROoxap&itioNRl k& At ahARIIRE phdsbUblS rather is said to be a
| uorenyl, cp is cycl opentadi enyl. [0835] By
heteragemtqusgpiiemi s neant a system that operates without

[0034;|)ng%lgegfgtli%v%&ggaéhgegfc’a 1%%5%%}2 e iRYd. SR Sn12pil e RUORBiS cinyl, Pr s
propyl, 8Pk adpFopd, &1- RO hbitkkd [phdpyil, By RdueedBunt Gobigl, eBu KaERiary butyl,
reactors and polyner product is continually w thdrawn.
p-tBufippaaitergpiyrufylph iipgihylsHyls $1RA ds trpisgbutylaluminum, MAO is
i h AN C i | sQl . ase
meth QRS PR PhRSEmy AuiChEte AP oty BRbATRLGRIERS,
[0035] ncl| Bylesntauohsiasicannesyatbi thaomsdratphaikout Titerratibint orepsshtion. For
phases in the pol ynerization nmedi um may conpri ﬁe a
examp,lg,pao(l‘,o’ntlgu(pqscmpc‘cﬁss Rrg@m‘@rad?qut'm%ra\mu d bg oge where the reactants are
contiﬂuiaﬂé/'l hﬁ!{old'ugéﬂi' iflio Sfe J lthird {réa'cﬂ)lﬂé ghd o&l‘ﬁﬁ@r(oﬁ%duclt fs é_olﬂﬁnually withdrawn.
ol ynmerization nedi um consi sts vapor and |iquid
[0036phas¥srry tpoéymaizptren refesi tdes polyntegationgpiodegshiasehich a solid polymer

[0037] Sal ution polynerizati.on refers.to. ..
phasep.élgyn%tplil@gﬁifbﬁn% EIb ] égiyrp?p%ﬂpl& ﬁnqdﬁlgn 6%Ttylﬂ’ﬁa]ludfssat least one additional
phascdi BR0dddatbnaNpRaskd HHhE Iy h&HRBSHE iR mayf doiftise a vapor, a liquid, a

pol ynmeri zation nmedi um where the polynmerization nmedium '
(superenificalh dluidie ligwiddgoide drmBnigtisuid) phasel@). or intheepolpiaerization medium

.50l vent s t their blends. Sol ution pol. rization
consigEsbE il BbeR i st SR B TR PbAR' | B0se)
[0037PuUpeSdtiitidn felkmpakyiTarieoad toh poBfngdratiéh frocess in which the polymer is
i lrerf%IHyrner‘i zation process in which the pol ynerization
1SSO [}

yinliggid er gupgrpratieal) flpidapolymerizntign qaediuipogboy theprlymerization
: iizat i f | i zat.i OCESS: | :
e B DYTTRER, 0 Rl PR, ARG btncs. Soin
polyntchiaatictOcompriied homegdnesad pdyrheraratidn kyseerh. Pref erabl y
t he bul k pol ynmerizati on coptains less than. 30 wt % .or .
10038] oo SUPREHIISY WO NHTGRISLSEISENAR $0PYRMAIZEION deeecphdR which the

polyngéirﬂlé'&ﬁé’{?meaiuin‘%%& rditithl 6i@hnadaert sol vent or

uent. The product polyner y be dissolved in the
[0039pol yBmeki palymenzaei unfcor toay Ipelynrerizhigonf quroveas sepawlatlke the fluid

solid phase, as.wth slur pRol ymeri zation. ..In this
polyr@eifonEogy! Rty ery Pt PO NaPF oL IREnO R it Efirably he bulk
polyn&BizhbrPEInYATRY 1R fHah ol B € of WEsBthdh 20 bk Gbli ¢} 1885 thhdld wt %, or less

g)ol ymeri zation nmedium containing |ess than 40 wt % of
than 3 vero, sollesertharod i Yuehinertwalyenper rdsluents edihe graggicapolymer may be
dissoleg(i I1(n ﬁlleuprorlymgr?zla}/igg Gl QF nQaryolgeelsnSth% rfort%f‘flaksepalrate solid phase, as with
slurry polymerization. In this terminology, a slurry polymerization medium in which solid
polymer particulates form in a liquid or fluid polymerization medium containing less than 40 wt

% of inert solvent or diluent, will be referred to as a bulk slurry polymerization process or bulk

heterogencous polymerization process. The polymerization process in which the polymeric
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het er ogeneous pol yneri zation process. The
pol yneri zati on process in which the pol ynericproduct
WO 200di0%es8% ved in a liquid or fluid phase pol yneeT/B81000085365

medi um containing |l ess than 40 wt % of inert sol vent

or diluent will be referred to as a bul k honbgeneous
produpils A 6 ivZd i mnqmdcme‘slsd pHdze pplyinyanekti et HompodeEsiag ildss than 40 wt
. whi ch the pol ymeri produ 4 i's dlsiplved in a li qui d
7o of gyerteyoliiegt ph nbmﬂiﬁ%m SHEG Bhasi QKT HOSMEEH RS rP@ Yigegigation process.
The pBﬁ@ﬂ%n%Qtl% pr. 2 e(sg E@@vgfscgl%h%%(lﬁ@%%nwﬁ%ugtgrs Wfsgcé%ec? ﬁ@ﬁd or fluid phase
polyn%’lztmtoﬂ msdiutmhamtainhg Wss diani 4ewt ‘%S((plrwfenabl}dlesschhhm 80wt %, or less than

be ref to as_bul | ut.i on, po i zation

20 wiffbird €S B BEfy RRIERSURY SrtRbustides i LFEN o s otvent or dituent
will bB QYRS tcCasIudditsthitidrSpdllB89LavieH ptdteds. (BHARNFhédZa6igh grocess in which

fluid polynerization nedi umcontaining |less than wt
the polypriepeadabl is dissobvetliar Gopeseritdgallofiuidgwdyméranation madiwg containing

less t]?a%la 3 %E Pp%nfe%glyy\t%sﬁ atg gpl e 1{? l%gﬁ ﬁlﬂﬁﬁp%%tm (ﬁ)rr orlbgg’ss than 10 wt %, or
less thef Srtew, be 1aSs thad K mgﬁﬁﬁ@t@ols&ﬁ&frcdﬂdehﬁﬂfﬁll be referred to as bulk
polynerlzatlon process. [0040] Honobgeneous

homoggepsepeyupercEisical sy izatian pwsesshoul d be di sti ngui shed

10040§ O LR £, 09ENCQUR GHRET ChlobiGRl-aRA VTR LON Sy A hed  from
s fo Upercritic Urry processes, Ye

heterdgahédons s@ﬁerwhm@h pallyﬁlepeaiticm@nﬁxdhla@ fer @mn@ﬂe; rsipdrciadical klirg processes,
phas form ond phase consisiing of saolid

the l%fsr Wﬁlﬁgrﬁr? dlfi’F “ﬁ % ﬁ‘é’%‘&’m??rg%i %Lﬁ)lq%ﬁ% Mubife a second phase

r u
cons P e R D TP GhRhGilon mpdippe.  Similary, bulk
homog@ieuus osuppniriyinﬂr ippftma@iratiomeshoatd ebe odistigucshed sfrom  bulk  solution
inaJligqg d as. opppse in a . .. .
polynR St e e of "WHch PSPyl 7l Gher g opipgdagpercritical) fluid

polynﬁﬁ%(ﬁ{ﬂlb@iﬁﬁﬂ on tenperature and nelting tenperature of
the polyner are neasured using Differential Scanning

[0041Ea| driystetlizgtigrD8Dpaatiegad MEltngs tampeesivrs oOHE Wdyner @re measured
using l&ffgrengqugﬁannn%pgﬂe {érﬁlotrr}l gbggg Iu(szlnégd ollnlgner?nll}ssn%n.?(? b%% 10 mg of
moldddopalyhRARer Fihdticzed MRIYrh&gisdadated( fi ks talll@Rign bsn and loaded into the
acquired by heating the sanple to at | east 300C above
instrumest $HEpeI{FMPAIAET: aM?}t@g cta;ap(frf%n he9t) 29 gpIeieg by heating the sample to at
Y. P
least ﬂpb 89? gtg Eﬂl{fﬂ g?'%?l%gt 2?‘ gl%mg%(ﬁtbefégg{)%ﬁpglega at a heating rate of
10°C/h&nrp§ihatsum@1et B ek faray ld:etsSStrhnﬁnwalat ﬁllste(mﬁperature to destroy its thermal
o b B e 8 R e 3B SaB Bt o bt s
lowC TRESErgih iz dnORnd ARG 2k &Ly - N hor li f
be O“f)é% yépr?%)tpy1 endél & tp%a cool }}llgn% ?’atggdcg% %%J}’éngﬁgeTﬂeat @ cooling rafe o
20°C/eanplTheisamipl © feeld bhihss teeppeatat doeaf leasted miasy, abd finally heated at
.nutes, .and finally heated at 10C/ mn_to c uire i ..
10°Crgrmite pesalc additionplymaliing delelsaipndiieat))  Thera %’%ﬁ’é’lﬁlﬁ@?ﬂ%ﬂ&g transition
(first 'ﬁﬁht e@&n(f ﬁl@ﬁ§'aﬁlﬂofk0&ﬁérﬁ1§é cﬂ@%ﬂ%ﬁeﬁ] Cﬁaﬁl@ﬁ‘fo}l ﬁ@danalyze%i for onset of
exothermc crystallizationtransition are anal yzed
transioos end gfcak rtam:pmtamm able pedkng éepperatumaserepdtied rmed tha gpeak melting
eratu rted are ak . tLn ) ) )
tempr GBS At I St et i B st B Pt i EO Shogpegs displaying multiple

peakssgﬁ%émﬁg pofn@ (orl%lélﬁﬂ% f&mshrSiRkayd H&iﬂé‘d'tb iRl tBe ?Wﬁeltﬁlg Qemperature
melting point (or ting tenperature) is defined

(i.c., gpe0qidt ngkhm@rgqshgidp&mma;amrénetrlc response in that range of temperatures)

from the DSC melting trace; likewise, the crystallization temperature is defined to be the peak

crystallization temperature (i.e., associated with the largest exothermic calorimetric response in
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(i.e., associated with the | argest endothermc
calorinetric response in that range of tenperatures)
wo ea@wi0rdsed DSC nel ting trace; |ikew se, the PCT/US2007/085365
crystallization tenperature is defined to be the peak
crystallization tenperature (i.e., associated with the
that rdrge @Estmporatuhs) flot thalDEC rBjistallizatios PAOS e Airddls hater Ao @ISC curve are
of rrperatures) fromthe DSC crystalllzatlon trace

used 1§ odeeTiIRERorthE HEADSE BoalBea sl frvotieFler Hpae ang or heat of
fiy t t of fu3|on Hf , upon nelting

CrySta(ﬁ}%E%IgtHo ﬁdgfi %tglpﬁ‘tgbgl ion, Hc, upon crystallization).

[0042] 004His Titviestiomucdaits ©M pl@lceﬂsefsr the caopomicelsepimtion Iamd recovery of the

ecopom cal separatio and recovery of t ol ner from
oIy R PBnaRe o B ol O grieio CUBREELs o e Tbee | BRdum for a
polyrniBRigdhtiin Jy@fenap&%rm?rthezﬁély&erl,@a\fﬁ)h%mtelﬁrd%éc@f@a by W004/026921. The

pol ynmeri'zati on system descri bed i h WO2004/ 026921 . The
polynmlzytm progtssofiespribese s WE2004/ 62921 mnM@OIhleo%mmf contacting, in a

| .udes of contacti zat
polynilZuii Systelf AITE BsRep SN e, Bbs, alnBr® fisbaF leffl, aRd optionally a
wide 8dr@BFof GlBfini0 Rinld @ adibl¢figic ok nbaRree vaith ehehbk Mhdrc angthi@cene catalyst

di ol efm c conononers, with one or nore netall ocene
compeiidsy 9@@ % BIBD st Loy nEdoEn Aptianak ek, difusns or éﬁ]él’elatn at a temperature
above 1@958? uic{]ﬁﬁﬁs Cﬁch %ﬁ@%{a?tgrre] gol?ltt?feg H&l{yren%h(zee?%ottnu #E gdt a pressure no

lowerﬂhhryﬂr&rMEzﬁbd:lOW thy toih padincpradsuee P mswﬂﬁnmmameystérh and less than
MPa bel e cl oud E’OI nt pressure of the

200 IHBPynth £ qeah s thempg qPization KAGtopn0. EAS ppferization: medium,
contai%g ftllléjﬁﬁ}reacftéd)fﬁoh%elp%d/ A Sl e AT Sdllu'enteor {oMéent present, and
ol ynerization nedium contains the unreacted nononer
the pahmnem ppiodnetl dontheo mmrmt mnyntein, ubatpaymsatarient medium leaving the
esen nd the po odu In the rrent
aforeRETEES BABTEHEA T YRERT SPGB e ARy fyice, optionally with
prehe@fr ey ﬁrb@ﬂ%dleﬂi@kxflﬁ%ic%% \RBtcB P ARSHlct SF Q'ﬂ'hﬁ?ﬁ?ﬂd hBas? separation
pressure | etdown device, optionally with prehea
vesselTHEhqpressyer lstdosmadawiredenidbyercigcss dhaprsssusg of the ppmneftrlzeiflon medium
toa pF%%“d%\lR’n%lO&’evu Eg"“@é)ﬁmglpms ed u%: Ié‘?c,)rﬂ% %e“%ps) Fe’ié%,sé?dlﬁ%“‘g? SQifglising a polymer-
rich pR&JeYHME ra rAGHdniKt-riBRCHHAEB. t Rrefordbl g HRUERpHalLYOT the polydtitization medium
poi nt pressure to forma two-phase ni xture conpri si ng

18 abqyep‘r@pﬁ%s,t@l 1§qﬁloght§§)@e@ﬁgea) f e pebrogti ianth, m@gnerlzatlon medium. The
t r e rd.: [ _

o TGS 0 AT 5, 1 A0 00 i s

separfnm)lny\mssd iby grheitypedtiting| azd theostpamcidumondrhe-midnpimse s reficled to the

phase and pol yper.-rich phases are separated within the
pOIYqun&?tﬂPq ﬁyé‘iﬁpﬂwﬁggg’ém?iﬁ@cﬁ%si% vessel by gravity

(00435 €t TN Hondd ﬁclﬂ%nﬁ?%ngfn%r%h Q&@r‘?ﬁ el @jyrﬁmﬁoh $nedium after is has

recycled to the pol rization systemwth m ni nal
been jotdomers gprafprablly 648 preshgc olontic Cﬂoudrpmm@rpzshlysrmld g feotperature above

the oRPUGHON PEPBRAY 1 BRPet a1l BRI wvove e

crystaP@dafibn Pernﬁ%?éiﬁl% 8nsk 1ask QUF’@U?HO% ﬁlea&%/cﬁll&zlﬁﬁ)n temperature, or at least 50
crystallization tenperature of

°C abpa@\ﬂgnp]gg@ﬂggugn temppdrataesy ot @f d@ Iaﬂy)mgr %:ﬁseno crystallization temperature
above ée( 8@?' 1|re|e ae]r%ﬂlgn Bvenaﬁ fol (& %:raglrg ove eﬁ‘)%to O‘rtyggﬁl%b%gve significantly

| on“tenp ra r-at
differabOde@sﬂhb@ ahysdiffbichz@bit@ret emaf/@td@ﬁﬁnemrs typichie 0.2 g/mL or more,
ol ymer has no crystallization tenperature
alternatively 0.3 g/mL or more, or 0.4 g/mL or more, or 0.5 g/mL or more, or 0.6 units or more.
In a useful embodiment, the polymer is kept in solution or molten state until after exiting the

phase separation vessel. In a preferred embodient, the pressure in the reactor (or in at least one
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above 80 0C, preeferably above 90 0C, preferably above
100 0C) typically have significantly different
walemsioréses. The difference between the two denBCT/UBRO07/885365
typically 0.2 g/nL or nore, alternatively 0.3 g/nL or
nore, or 0.4 g/nL or nore, or 0.5 g/nL or nore, or 0.6
reactolﬂ fif ﬁlSreOﬂhaﬂiTlﬁﬁereabmr & 1l119.|ﬁé)ﬂs tervixed et }O(I ?ﬂ@a hddhemeitanitBe pressure in
. in solution or ten state until after exitin
the SePi”Fé“%&%Sée I{ayrhrasithohi nBé%%Séulr.e sppprafopy BieErally 18 #Bedp é\ﬁ?a} and 25 and
50}4p¥e pressure in the reactor (or in at |east onereactor
nore than one reactor is in use) is between 7 and
[00441 00 IWPanchieghedintchtieftthe poessuthe palymbgzasiepasyateimprwhich preferably
vessel. (s as the high ressure se arator),
includgy g, i yo{%snfarw%efvﬁap Y138 TiEhPRR MG § dpmagraiuge above the
crysta‘ll[h%n@m&ﬂm;{)]éfﬁtﬂ?e ef tﬁé“ﬁol?ﬁl@ﬁ@:ﬁﬁm TnBEURO | aNIBE 12 Bleb@Re above the cloud
system preferably includes no inert solvent,
point presaursest ﬁlepmiwblemmm whdipwl y s angla-nheﬁmeolam@n@anon medium is

dlrectB(g tﬁgﬁthf;\gﬁety ﬁgl quj telpg%saar%t grcgrﬁ%lfé%&?e W%cg\lrga}/ Rg a letdown valve.
The gitQuet pQluBingPiSSEUE&idlly tciBcddOothy NRéstad 0@ Nth&E@ikRrization medium,
Thi s singl e-phase pol ynerizati on nediumis directed

typicaliytap @ gate pfi 2 Ry Sqwatrqu@ (referabdy pMRAacer highgp) fogp pressure below the
t

B T TN L T —

spino¢d | yormadazat toOIforl’fEdl - phaspl eadthy admaridigd @ p&ﬁlyﬁler I‘lCh phase and a

MPa/ sec. or nore (preferab 6 MPa/se¢c or hi
monopjeksEish phasse | At dHect 613%%}00%%? FPipFats eﬁpréswe ?qt@wn the monomer-rich
phase%?g égﬁ?ﬂe& g{Chﬁme&E gfér%%gfg%gtayn a\?@llll’wheah?ﬁ-rlﬁlk%g@ﬂlagg‘ §cparation vessel
by gravigr ptisg, ahdtthe scpoatpd inginogicariobl phasr i 13 rechiclpthas ehampdlymerization

a nomer-ri ch phase, a dire res
systerp g g g ks BN E S e RO R oERd: fegtingtoldad Ehaf. removal of
some IB? gﬁ{ frbmCiAc Ph&SE Sreﬁb@al%‘f%hil Yow SRAS A2 @vé{‘gﬂt I@bfyrﬁé? €hat precipitates,
| i qui d phase separation vessel by gravity
and/og étstlng 94, the rstjeqrh ovse @adeatce@ntnbﬁdo mdhe moﬁbhnqim(eplil@e is directed to a

ed to ey ation Sy ste g i nal
devolatlza}/lgn stern eﬁ en}/ova algln aqql % éulnre&lg{e oo?norners ]pr other volatile

ng,

cmnpbﬁ&n§trean] reanaI of sone hydrogen fromthe stream
val of any | ow nol ecul ar melght pol yner that
[0045br ecIiin"t‘rélP‘é@r ﬁﬂﬁdpmcewgudw%ﬁ t frscigt poyifcoger effective pathway  for
| &

separ. f;o\?}o %t %%ét?ﬁ%ﬁn gﬂ;g g@fl%t{q\g&glét%\%%né@ gfh 91%&)%%&&3&011 medium

and regyckacf dat hmnMemlamrwﬁglmemmpﬂmhtsl i® €omponentish recycle stream for
0045] In particular, . the processes dlgclosed her ei n

emboflimehisg eV iEC effice OINVBTFAPalTOCEY d&par Rilkomogiogsptope pupercritical
polyrﬂeh%gﬁénh?rdceé@’ ﬁ%l@%" ﬁfths\gjogﬁhe&aﬂmgﬁwés QF Wb@oo4/026921) and in

pol yneri zati on nedi um a r'ecycle of the | ow nol ecul ar
whichwiic gioly compodienhss propalenorsme printiphl mesyobewgh pptiondl gomonomers,

o o GRS RERAS LR RS 8 SRR SSEebE By Bl s

in m&e tié’[aﬂ hgs10)] YRR IekZ@dt 08k pRFaBI6 8 S ﬂfon@%@oﬁ{dog@gﬂ} is achieved by
and in which the pol ymer product has propylene as its

advanpﬂgeﬂmlmﬂlhmﬁmoud‘ mmt@pﬂ isolickfluislirhasorpiationships fox drepickevant olefin
h.s_su L

or ole?gléF;‘E,sx urg. & %\Aqq‘?ypg epydI X Sgglgné/ % BRBroSﬁ%n@ 8th¥[T% j -p opyPene-ethylene,

etc. mixtures.

[0046] In a preferred embodiment, this invention relates to a process for separating the

polymerization medium derived from any of the polymerization systems described in the

invention W02004/026921 into a monomer-rich phase and a polymer-rich phase, and for the
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in nore detail below, the efficient separation of
nmononer and pol yner is achi eved by advant ageously
wa@iRi0Bi0zés8y t he cl oud point and solid-fluid phaB&r/US2007/085365

rel ati onships for the relevant olefin or olefmc

m xture; e.g. polypropyl ene-propyl ene,
subseq@ny (rpcoapiyl ehehee pblyhendn - apd@@ldtt&lﬁﬁm@tph@/de@@ eandefoe . the recycle of the

m xt u eg. [0046] In a P %%ged enbodlneg this .
monog{yEigh ipBAse i8] 24t @gn?ralca ient ganagg Park ¢ Hy Rqlymerization process

n
with ﬁﬂilﬁﬁgp Illoggsisfi g’n th?;egy;é%fegfe g\cﬂr?ig écf\&é%?'h?a@ﬁe | I}]\zlegﬁ%ﬁin(t) re]lnd operating costs
for aV\mm%t@éZG Qﬁﬁlehletltatlan nmfhchhn‘a rafoicaheiploasé poigmarization process The
ol ner-r' has .for._thesubsequent. r.ecover
polyniepigl vﬁé  §FHoH Gooa PUYMEIZ B PSS Wil 4rYPe rifical fluid sat,
and nfa?cdb%l@t &f a LRAglcNRY E@ﬂ]@ﬂiﬁcral GRidPHB|E drih AL BRABIMiEAbidERluid-liquid
ficient nmanner to the pol ynerization process

mixtuyg. t Fhentowi rnallempmoweighn qegIponpiess eHithegolyinesrizagon mediugwegy contain only

e oS SO STER SR B3 GPEh Rl Fegn o s

conceR@hOTES L?ﬁib' MNwPYHERS the polEmBadonifd k@l f] t@@pdﬂl?ﬂiebiﬂatlon medium may
derived fromthis pol¥ner|zat|on process is In

contaig BBet p jstnigkoapolymgr e & lend of 4yye Orlfagore mbir%ftrs ésrucla ag ithpgp disclosed in

WO2(§(W7’$[69@%' ltl"hg @lro&eésuﬂ gfepaﬁ)zl’? %ns‘i)ﬁrts Of a STICe q;srgql\(,é\élﬂh]h%téﬂsu '(26 Reduction

of thequoporeastttse p(ﬁlytnhﬁzam)ln)mﬁhumaiha ﬁ)prdmﬂe wdudiyg deombacb A pressure below

ly th f I
the Cl‘g[&i/ p%ltﬁf g@gg{r; %Itt ﬁbghlrjr%g%gﬁ rtq? ﬁ‘g?lfi fg]g oy gﬁl%t/ rrg{vellé%tzlat?onn ofo the monomer-
rich phRdC ?&h[tﬁfg' 19r}hﬁffoﬂrﬁétltoﬁ % Wo gﬁaS@MXEﬂ@ _RP| e ldensity monomer-rich
con‘ponent of e po neri zation nedi um may contaln
phaseeamherhlghes”l degsity molyyrmfmohrplasdal Ghdrafsferwaf the twor ghase fluid-fluid or
ﬂuld- gﬁ%@éé lé'l%]{t]lgf tg%%%ﬁeéa o oicFeg*clegnt\égz grgglllt%ge(stgmg device designed
with ﬁl@ﬂé&@tﬁtﬁz%l tor6Pi8e stfflkcidRe AYFIchIBN nfdte AR IRk @RiBUE pREerh B9 between 1
pol ymeri zation nediumvia a pressure reducing devi ce
and 39 dnmut@s)e%@@@caoémcmnmrfep@lfmhly ﬁ)@tvmenpk erd P eninbigs, tai gbengage and
settle %he g)?% Ipra?seav gS{eolf)l lla%e(%r o%rﬁ}nl %‘-rlc];{a 2 Za%t It i r;['[00(_) tIage{ \g%olymer-rlch
phasep f‘(CPSEraEﬂ;f%f of the poBynhe@Wth piﬁﬁkﬁ!ot ¥ cmmﬂa@h &BsspiRasith ever-decreasing
a higher density polyner-rich phase; (b) Transfer
pressige tq a@gfwvelﬁae@om PR g PN mers qmﬁoﬁolveahfr@mﬁh@@@h@er -rich phase.
I r [ t t
s Y1, SR AN SRS O, A i oo
solutipnt ovithde Ieafifig encelintm (tb ypdweal thy roxdeal t yodatilen eommudifet;he polymer; (d)

ef.erably between 1 and 30 m nutes) reS|dence time,
RGCYﬁ%PEt sy BPRPEET vcboe@%eéiﬁreit i thesplyReriadion deedypystsmy agdout further

proce%ﬂ% SEihit k&idshe ste g@ sds 'yilove?sﬁr%pof{ tRY §02004/02691 é)olyrnerlzatlon

(nmononer-rich phas and a bottom |l ayer (polyner-ri
procepsh aisdeincludey onlly ahfsrhenmoﬁl riumebep of stapy reqiicdd tp me®eett golpmer and recycle

e SRR Sl Y SRR L AFRE b HERS! QRAPACRIELD rsicin
operafif® B ddieorRab YFB Al fa‘h esp hAg8) rcbResRg RS 8&hPosidh Bthe polymerization
oper at ed adi abaticall'y, or one of nore of them nay

medlum@aﬁelf Heach oif yirese 1S§b$quﬁsed|’@emw h a heating nediumto
reduce the residual volatiles content of the polyner;
(d) Recycle of the nononer-rich phase directly to the

ADDmOmFiMIML PROCHSSISTHRY t hout further processing.
his series of steps enconpasses all versions of the
[0047]/@0@4;@@‘[21@ step dpsensictiomilopy), which may include exchange of heat with the

monomer-rich phase (i.e. heat integration — see below), to raise the temperature of the

polymerization medium to high enough to prevent a solid-liquid phase separation from taking
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process, and includes only the m ni rum nunber of steps
required to recover polyner and recycle the
wOoweess8? i ch phase. These steps can be nodi f i BAI/D$200)/085365
addi ng optional steps, 2) restricting operating
conditions to optimal ranges, and 3) restricting the
place apstras 6f, onimfdet the fhod-Yieid phatd soparmidh wossel Gddofcalledhehigh pressure
f th di d bel ADDI TI ON OF OPTI ONAL
separmo Bibs I-r%pislasggagl}e egoq,gé]e oag\lrlrcﬁg ttgligele db pESSBuTE g reduced across the
press&@l @%omg"rﬂ&ﬁe n'gé{tdb&}ﬁl W@?e)fﬁan afndfe 9£1s{§e§t pr@ﬁsﬁﬂt WiRre an efficient
nonomer : eat integration
separatm)lncmbthe tpolymwrls;etldthmedmnpmt@a unenomicririvh ghalwamf i patyinoan-rich phase
hi gh enou h to rev t a solid ase .
can o8 4t AtV O TR hPr SRR GpPHRET B o iy g g o 4R Thomomer-rich
phasethe fluid-1iquid phase separation vessel (also called

gh pressure separator or HPS), and al so high
[0048bnou‘gwa®msh killvag stehens disrasyerdembaw e Tihgs wedldcmdlude tios gptional use of

r e reducin evi et down val ve), that
desioqE g Emp R P ES T AR R SR ol ant separati on
[00491>f tfmy@wgymm&fal Bt@ﬂ d¥RHicuRcd e va i RDMATRbmbHSH) bﬁhﬂ&ﬁ‘)t restricted
nmer-rich ase _can occur at a h enoug
to, Snwllee@rslmdlélp t%ﬁeeflﬂéhtVWSG]Sl fragtiopatien @W%Qbh}/ agwﬁ%beds Treatment

for rerntb% r‘g)g 8&%0(% t') ]qu Oﬁll%%_rkﬁjph%) qléj Ig[h ;%ﬁl@?et ﬁl%?{?elr( hcfg rg% ft §fleam, or in

instanUSsewbéredEs hedapén chinyvapreoliirtinentspomig te rantyha }pbﬁﬁﬁ or slip-stream of
recycl e stream [0049] A hydrogen renoval step, as
the meparpsigiddepEloWeam e. “ may conprise, but is not
[0050! eStédcﬁfng%fttﬁe nﬁin@ﬂ!eﬁ n@ﬁ pﬁyégtﬂopd RlePleftbAScY §38R! Bie monomer-
ractionation towers, rogenati on beds. Treat nent
rich phaye temponatire @ﬁcehgisdthag eﬁthﬂfq;olymer&ppbm sybt¢ro fedie Ems inray be combined
ric stream or i nst an t he

. cycl er
with FRREGeRO' GRARb g fBTenPeBE Mt Dreangry T the' Monomer-rich
phascRPbA c&Ning0rScs kédtios bk RAMR indr Betal G BYis. i ch recycl e
stream [0050] Cooling of the nmononer-rich phase to a
tenperature for cases where the nononerrich phase

REST%ﬁQEﬁ5$(ﬂ§6§§§%§§§@%§§$ﬁ§§ﬁ0£$e pol yneri zati on system

h knockout pots or

[00511 1 | tPHabd @Bpdr&idie tayRrfotey 08ild t B imdalifdd, ik @dugsilyf f@Mkystems where
t he nmononer-rich phase upon cooling. See section below

optionah hedtisigeis gaIPAPYCS: Bha (tMRCTARESTRICTPON ol bpERAIREG With the heating
0, r

s ENEL IDRAS, AROTHEIFE By E o Ak STRRE AL S oving s

is outhemttiefgyv.i s enpl oyed, so a tenperature restriction

woul d be conbjned with the heati ep addi tion
100520 o\J2haser epasation; REgpUI PO P GRS éset%e‘?fb aPifcapal of defining an

optimﬁla%% ¢ VBRSO H&t Zpogﬁﬁfeeﬁrekﬁr@ l@lbucﬂeﬂolﬁ@ f@ﬁéure and the lowest

[ 005 Phase sepa atl pressure could be nodified

possitda gedswe (prasupr what pall onpardelf\rampngat@n ob phd mnahomaﬁtg@l phase occurs).
ressure clouqﬁ

The tgrﬁévgfﬁ%gaggﬂ Sw Srleg%géf’[h point pressure wi

pressure, and then subsequent modifications could narrow the range by setting maximums

£ s?)gnodal boundary

progressively lower than the spinodal boundary, and minimums progressively higher than the
vapor pressure (full or partial vaporization of the monomer-rich phase). These concepts are
illustrated in below. A benefit of optimizing pressure is to minimize the total cost of product
recovery and monomer-rich phase recycle systems. Higher pressures raise the cost of product
recovery (more monomer to flash off), but lower the cost of monomer-rich phase recycle - less

pumping, cooling cost.
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possi bl e pressure (pressure where full or partia
vapori zation of the nononer-rich phase occurs). The
wo 2eos7658di fi cati on woul d repl ace the cl oud poPEI/US2007/085365
pressure with the spinodal boundary pressure, and then
subsequent nodifications could narrow the range by
[005315 et tTheguseedl spitalap de@ngwsitioal fisr leﬂNﬁbmtgl'}ﬂfasé Bepasppionodadlves setting

.boundary, and m ni nups progressi her than the
modificaighs B 08t e CHF 108y DAY ES ks 5%%5%'?@% 269V 4Bl o date of pressure
hgs&cCaRC I [ 1u
B P05 SR8 B MCERURSTEI VIHE ALK B sinoc
decomﬂwitiootialfastﬂsdlsqmgagmmm of theetvmplnayseﬂddWMIwmemf thi ginessure reducing

. pha cl e systens. Hi ures.rai se the cost
devieD A Tyt SRy e e ey s R PR FeLeh or 1) bus
[0054] OV\thetcﬁﬁ‘el%ﬁé;é inUenIBGTRE moh6ReRAS Snd }?(leﬁblerlch 1838s is discussed in
punpi ng, cooling cost.[0053] The use spi noda

sectiod e as it iebtesfto theseparntpmgrashas.e Asepae af plove densgtlydelerence could
selectftcggvngntg%ﬂ) %ﬂ § ﬁ%elgﬁ&‘a?ﬁr se}ti‘{qg ag Fs)%glgéslsﬁp QQ rn(l:"\?’e‘g’tment cost of the

HPS vegglict i on by the pressure reduci ng device, as outlined

bel ow. The benefit of spinodal deconposition is faster
di sengagenent of the two phases downstream of the

RS T N CE T OB R OER AT NE M e

[0055¢i f fEitee pOBMidRizdENS i thydioh tbeldmbaon®edifict chroand inert solvent content.
pol yner-rjch phases is discussed in section bel ow, as
Howeygr, rpéfffs&aék/ there 1§ enos sqhuekt O v e S8 PUYMAT fSaiRgsolfon in a mixture of
umﬁaaggﬁﬁmgﬁﬁﬁlty difference could selected with the
clal med benefit being faster settling and savings in
[0056] he Thwpnﬁymenzatmosnecbﬁmtdmeld—%fut&&s ehodifRESTRLET pOIMN©F type, where
he d OS{TI ON OF YI\/E | ZATI ON MEDI UM [ 0055] |, The
the dSSHPG BRI ALS B’H’P QPGP PO B L & RS R PEEN S SR @i RigR} monomer (i.c.

greatc? %a\ﬁeSU m@]@n%)?nfn a pOVBNEembBHRAEI aBlYIchi1Bf @.91S dMé@n’ or less) polymers
solvent, i.e. where the polynmer is in solution in a

that carinet be @aéqf inrlle Hawid ¢l wpraedsses a[r@gt@e}lcedri@reln
[0057@8: zﬁg g&l%rci)znat ”E‘%'x'le%%”{‘hn‘{ %gl%glbree fé%rl iﬁg&)gl Illtllee(rj'm%l(q}?n%rr}gc state of a
single¥haRY supBLriticgfhpe) Eﬂ’ﬁﬂblmﬂ@ﬂk@ t[hf&m{d)diﬁeatioﬁs hes you the a particularly

princi pal nononer & apeater than 50 nole %
prefermdeer@b%@e@h%wﬁté ththl oW Bewsichycoust b%m@bl@ﬁ@ V%ﬂ'rh modifications on

liquid
S35 AL 058000 1 ROSRcBihfol ' L
pol yneri zati on nmedi um coul d be further nodified to a
CatalyspStgtogynani ¢ state of a S|ngle phase supercritica

[0058] | UIThe SroB8E&Y dl&cﬂﬂ?@isﬁ‘er&llﬁrrﬁ? c;} pelyhRASatnV&Saly Y (also called a
the a particularly preferred enbodi ment associ at ed

catalygf $yhtcBOPP, 2 otilyst cempdmb@l@dnﬁmédo o 2 patalysi mcmmqrb&nsi an activator
with %prho% RS RRR: %tnlfifr%? s‘c:aev %er L ur ? éﬁsyen?%%%% {h'?h eonorners disclosed

reC|se control.
hereltpifQEe&?sS@Sysd €8€dnh Ebeﬂlfmﬁélﬁlynad’iﬁ&y uua@f B8 yolgelcyir®idnz@inddidons disclosed

helrelnC atT?llu)slsg}fou(paSl Sl(()) t?a%lsftlgg rfaletals may form suitable polymerization catalysts. A
suitable olefin polymerization catalyst compound will be able to coordinate to, or otherwise
associate with, an alkenyl unsaturation. Exemplary, but not limiting, olefin polymerization
catalyst compounds include Ziegler Natta catalyst compounds, metallocene catalyst compounds,
and other non-metallocene catalyst compounds. Exemplary but non limiting activators include

alumoxanes, such as methylalumoxane and ionizing activators such as non-coordinating anions.

Useful non-coordinating anions include trimethylammonium tetrakis(pentafluorophenyl)borate,

-17 -



10

15

20

25

30

catal yst system (i.e. a catalyst conmpound (al so
referred to as a catal yst precursor) and an activator
WowRas/0g58e onal co-activator and/ or scavenger))PCHpSIT085365

of polynerizing the nononmers disclosed herein if that

catal yst systemis sufficiently active under the
N,N-diokthyimilzadrmon coeaeikid(pasaftliosgihes@yl her @brate, Thus triphenylcarbenium
tetra(%ﬁwf@glpe%lg %r%‘peg Ia'l%llgﬁg 1&11%&%@@1{@%&;{Qg]%éprfﬁfolroephenyl)borate. Useful
alumogighé’s%' BAbb@ed FoR ¥§1§mfépdm%ﬂpcew 1}o|r ngmﬁlgl QkE@ obel Corporatlon

coordi nate to, or otherw se associ at an a eny
and ioelgdd meahyldnmoEa(rm;rrMMAO -3yt MIMOA OF 1 2 atnldnBMP(ﬂ)-éPl n Cornblnatlons of

tion catal yst co unds i ncl ude Zi

ol yneri z I eql
alumdigpdy. GAINYEGhSe SipSiRAeSTHAIEE) Jeie Y Afystond combinations of
alumdX@ARME HDn-cBBRI I RHHRAE an oA ARG l8F B Bsc@ah Mdifhctice of this invention.
conmpounds. Exenplary but non limting activators
[0059] nc| WHen atilinog anpecrigent hvowqmah% adndioxmnbomngenous polymerization

catalylﬁ}gg;sﬁ{:hn %Sﬁ&t%%‘gi%%%%rﬁZPﬁsﬁ caaﬁaﬁ%.ﬁg nain CPtﬁ}gllr ré?ntg 98 nhornogenous catalyst
compbiiidSehiay| agTRRladiecous. For example, when polymerizing propylene under
tetrak@%f ent af | uor ophenyl )borate, N, N-di net hyl ani li niu
supergitical € S(etpse ,ppﬁ;cp]‘%lyowéﬂ §ta}é(y.‘,eaf: é:atalyst and "non-metallocene catalyst
d r U
comnbIPRULECREDLAT S SR T GRAT A0S ke 20474 i e
hmenU&aﬁpbmmkM@nxﬁmﬁ&ecan be obt ai ned fronlconner0|a
for exanpl e, Akzo-Nobel Coyporation,

[0060ﬂS gg {R%aérrﬁgtcﬁt?]yg‘ Wgﬁ@or Wu@;&s buj_egloné mﬁzreof useful herein are
Bl an

isca AR SRR L) oot i QU 0L By compunds

usefulahftmmxa:rn éstednd magn-200pargrahi[At01dnd qugaddi lint draf Wah 2004/026921.

Prefeiid HR57 5 CalparEe T R rrRer YA YT Bod Bhartsank 00135] pages 77-

78 of AP A00HUS692Q! Y RBGInGALIRP SREALIYS! &m&ﬁﬁﬂs @fd activators (c.g. catalyst
met al | ocene based catal ysts and other single site

systerhg m@eﬁ@mg opatal lﬂylgte @inpt@mw end nmy d@ernar@vlmmaﬁg@tmsne Fstal-centered,
heteroa@%nfp% and tc}ﬁg gyfst cgméo%n grﬁgt?lg%u?lglrsl C oseneproin the Group 4, 5, 6, the

lanthdili&ieadeiq@@ &nehs @étﬁlhd/esierl@!ﬂ df RNPITRIIS Tﬂﬂ@ o€ tHéaIEl@h&ﬁﬁs) useful herein are
ounds are those disclosed in U S. Seri al

disclog Bail/65s Hha 5 Mowb- G298y 4 vah iRyt comeauatn are also described in
more gﬂgﬂ LR NS85 rﬁf“(?b%ﬁ&& d[ QRS Bk 0Rn 6L Wé%s%togké’ SWO 03/040442;

acti vat or cohpounds and’ conbi nati ons ther
and USskd&n,6derein are listed at pages 2 1 to page 85 of WO

2004/ 026921. Particularly preferre atal ys ound
10061, o iprihRe Pl isiaroanonady dafYSf%IgseuS@gl %ﬁgea%wi% Fp 1}*505661 in:US
6,8970296P89€ #2901 BEO %@%/O%@l?@%l&%ﬁgéﬁmngf edear ﬁrggce}for 1s0tact1c propene

activator conpounds useful "herein I nclude t listed
polynmm;aanagmapddupﬁﬁlt%ﬂelqpag elsy m;ngmngif-tmmlglmmwmnﬂg technologies,

Boussceeolawn}‘ag ogéﬁggeal di ﬁﬁ?rfr{gzr mrg[ %Cl%tl}o\éla 2%68), 45(20), 3278-

3283act|vators and one or nore nonmnetal |l ocene

nmet al -centered, heteroaryl |igand catal yst conpounds,
[0062\hherlﬁarw)éarivewfuhogtabﬁtﬁs@ﬁluﬂ@ awrdinectly loig-Us-(56, 76 tetrhlydro-5,5,8,8-
ani. actinide series of the
totran erl V%'i ¥5 gW§%fP%knEE§%gﬁys) useful herein are dimethyl;

dlmetﬂjl1§1¢}5lQSﬁEﬁndzthyll}’ldlaﬁeﬂitad%@l)(dddb@daﬂiﬁil’ob}thalﬁumZ OQifmetByh 1, 1'-bis(4-
| yst conpounds are al so described in nore_det ai

trlethylﬁlwmzvbméy@nemqb@e@tﬁd@@ﬂ)@%de@ﬂmwwl Higyorenyl)hafnium
dlrnetﬂﬁl, 040233; WO 03/ Ocﬂgléé@ls1lylbls(1ndenyl)hafmurn dimethyl;

dimethylsilylbis(tetrahydroindenyl)zirconium dichloride; dimethylsilyl bis(2-methylindenyl)
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and US 7,087,690. [0061] Further catal yst conmpounds
and systens useful herein include those disclosed
WO 00887638897, 276; US 7,091, 292; WD 2006/ 066126PCT/US2007/085365
Nonconventi onal catal ysts for isotactic propene
pol yneri zation in solution devel oped by using
zucoﬂiﬂing hditlloodg ftnﬂfetl@mﬂ@e bis(@nicas/ihairogil e sircddoua sdiehloride; dimethylsilyl

bis(2- E@Fb(m?ér? ?r@@]g]@}({aenxlg( 2@}er\évoatggl£ylg C%Slg]ggacf logtggljrngﬁllglisllyl p bis(2-methyl-5-
pheny? ggéﬂaﬁ ﬁ{?b?ﬁque(f Hg?lg@éé ghﬁéﬁé%ﬁ}élsltﬂglt P{;sﬁly ethzl-%-’pISl’elghél_denyl) zirconium
dichldrefer anéltrtwﬂymlyﬂret his(2-hithyérzhichylndieng) hagzmeammum  dichloride;  and

dlphewlwgfmifﬂng {pgloperiedigmet Hyprogeyly praiiian «ipeifybiodedsiimicatalyst also

includ®)thé &7alkiy¥ [Suelh H@&llfﬁélthyl)lanalog cmaﬁg Bf the dihalide catalysts named above.
triethylsilyl phenyl)nmethylene-{cycl opentadi enyl) (2, 7-d

[0063] - t el?arﬁuaﬂ@rlybutlybﬁig fmaf@lrlecmylb) hedmpaumdsli nmt:hlyib Me;Si-bis(2-R,4-Phl-

indenglblﬁ{zﬂ%k qe) j Eblpg El{yiggfog% NG faﬁéﬁ%ﬁ? é%?ﬂef}?ﬂ or substituted phenyl, M
is Hf,driCéd or, laﬂ@ X @B mﬁt&gbrs bt Mikyl group (such as Cl or methyl). Particularly useful
b|s(2 nethyllndeny932|rcon|un1d|ch

metallgicper hg@napaupds pjirgt %et%lypﬁlmziyl(eMW)m%ﬁhylcoﬁ Rhenyl-indenyl)zirconium

c de; |SI
dlrnetﬁ'ls( ?rfét h ﬁhglgggaé&yopy 151 blzsl(zr TSt hm aithl ’of(lhz}éb;utyl_phenyl)_
indengli)fiohitnsi | ditnctiys ( 2¢oret ﬂiych}oﬁdephedhyﬂdﬂ@dﬁl’w-lb)s(z-hﬂeﬁmﬁj um-naphthyl-

indenyl) AregRIT N AT AichlofdRls Iaﬂ,q( ﬁ} Yisiiy1 oS eyl 248 9-dit-butyl-
htl156 o ﬁnpmﬁﬁﬂgl@ng rconlun1d|chlor|de

nap E&§ %ﬁ gnylﬁethy [ ene(cyc opent dlenyl)(fluoroenyl)

[0064h af rinuarpthfemaetdh ylhbodlmeﬁu,l Itha: aitallyytssystens asédnbéramecdriygrises an activator

kyl (such as di net anal og of _any of the .
proteitfir ) e B0 yor O TRMILE abgUEn LOOKY BAFti cul apiFpthylammonium
tetrak 1 ARRRRC,C thyl dhgllird tetrakis(pentafluorophenyl rat
¢ H)ﬁﬁfnl " bi s{ ZEFEQ Phi | %gggdiﬁﬂ I%(Z Q{gr e R |Sépean al kyl yl) borate,
triphegylgaipeiiisoich as t?ﬁé?t(h@lﬁ)lorophtrn}ﬂl)bomh% nyl opr substNiNrdwecthylanilinium
tetra( erﬁuc}/ro?hengpgor'ieban& a cata]tys| o?{]p%ﬁtgdr fepéeuantreii glgee {*rplallllakyl

nmet al | ocene conpoumrdfs |nclude dlnethyIS|IyI bi s(2

-met hyl, 4- ph@myl-|ndenyl)2|rconlun1d|nethyl (or

di chl oride), diweth Is'RyI-bls(Z met hyl ,

4-(3",5 -di-t-but pyhenyl ) - i ndenyl Zi r coni um

di nethyl (or dic , dimethyl silyl-bis(2-nethyl,

4- napht hyl i nde qnlun1d|ne yl ger dichloride),

and di met hyl &5} R —

4- (3,5 -di -t-butyln ‘
di methyl (or dic |.. deY-
enbodi nent, the Catalys
an acti vat or Qoreférably a noxt
as trinethyl &moni e
t et r aki s( pent af | uor ophenyl ) borkdt-e
N, N-di met hyl ani |l i ni um tetrakis(pe
borate, triphenyl carbeni um
tetra(perfiuorophenyl)borate, 6? N
tetra(perfluorophenyl)borate) and a c
represented by the fornula: where Mj

& ein conpri ses
ti ngR&ni on such

yst conpound
ected from

i "opi,um

tant al um

where M is sclected from titanium, zirconium, hafnium, vanadium, niobium, tantalum,

chromium, molybdenum, or tungsten (preferably zirconium and or hafnium);
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chrom um nol ybdenum or tungsten (preferably
zirconiumand or hafnium); R and R are identical or
waledoBeresss and are sel ected from hydrogen at onBCT/C320C1B5365
al kyl groups, C -Ci o al koxy groups, C -G O aryl
groups C -G O aryl oxy groups, C2-Cl10 al kenyl groups,
R' ang:zk %9 1&'{15@2&3& d%é%b‘l&sandgze gfl tit[ YIJOI:'H dro OB, & kal groups,
al kyl aryl groups, - en roups, OH'gro
Ci-Ciorlkoay ggeips.at 0B, aryjlrgroupq @gﬁledryébweumhéb -@o elkenyl groups Co-Cyo

alkenflpgtr(()li?gr;sgbégjéSUb %llé}%l %&u%ém@%géooaggylﬁvé gg)@%?,%déﬁ)c laM@hyl groups, OH
grouph ot GRAMGEPGRERY b) SodjNgdwyddiRaay il arlopHBsallyPsudk@n el witlRone or more
and R are an al kyl 'such as nethyl or ethyl or are a

hydroparbyld &riGpdiecarbysilyd gm@} or RgdiRear byl tei(hysocaslyd)sgdylhydrocarbyl groups
diffetent and are sel ected from hydrogen atons

(preferahly Be AndRofks, anetksd serhps By At SHIYS PT 8 ﬁ&%}@%ﬂ&@@a chloride);

1al h
R'R gr ﬁ% s %5%% ?)éldéﬁﬁgﬁo%ag négr{3 §gl%gtr% g%hng F%g e gat E %?” foms, C1-Crg
haloggratadosr, uml@ﬁatbdilaﬂqda rgam@d 65 Cunhabggatedt (ﬁdulﬁraidgahéstyd aryl groups,

Cz-Clgr oﬁ%gnatefg lﬁ%gsg%g(gta nés gtjﬂ%}g,: g@ gﬂ%ﬁ@&gglllaﬁ or unhalogenated
arylalﬁ‘\ﬁ erylcg 'h@lé)%&iated\ﬁr unhaﬁ%en&t@alky‘la%‘ %:Fyogtpso ng-di halogenated or
a

|ca s in which Ris one of a hal ogen at om
unhal@ge@biéwar}gﬁl@bh@l g@dups, SR'C-SR', 20K|, -Q8RIPor QR'ztm@lcm 1m&h R is one
adj acent radicals Rto Rto ether with the atons
of a hél@ﬁ%@tpnh@ Gi rféumaB%{h glf%lpn@roqq 6-610 35k %rorlp rRySVO Y @re agjagent radicals
or but and acent r adi cal

7S meth eth
R to R e e o s Cvmenogin e G QTH 008 St cingt Frre erably R i
methyll 89§51 &IDBﬁ%zF)f aml YdiRdent raMehIRR2' GRITRI'NBaVidrth bAE oP lﬂfdi‘é’ lsaturated or
ring"to foirma substltut ed or unsubstituted napht hyl
aromaglcautg)s (pRfGrably ReladtRY domdrine Rithah®phdnyR ring R fogmia bubstituted or
bttd hI\/F - -O0OM3-CR14 R16 R14 R14 R 14 R
unsubjtjtufedinaphihylerpidle. "¢ O M- - C- C- C- RI 15 R
R" islsclbbteRflomt5 R |

R14 R14 R4 R 14

P O

||q15 |:|(15 |:|(15 |:|315

R14 R16 R14 R14 R4 R4
M—C- oM.  —C—C—do
|:|g15 |:|g16 F|i15 ||q15 |:|315 |:|315

-B(R'Y-, -Al(R")-, -Ge-, -Sn-, -O-, -S-, -SO-, -807-, -NR'?-, -CO-, -P(R'")- -P(O)R")-, -
B(NR''R")- and -B[N(SiR""R""R'),]-, R', R and R'® are ecach independently selected from
hydrogen, halogen, C;-C, alkyl groups, Ce-Cso aryl groups, C;-C,y alkoxy groups, C,-Cyg
alkenyl groups, C7-Cyp arylalkyl groups, Cs-Cyg arylalkenyl groups and C;-Cyg alkylaryl groups,

or R and R", together with the atom(s) connecting them, form a ring; and M’ is selected from

. . : 13
carbon, silicon, germanium and tin, or R is represented by the formula:
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15 RI1 15 R1 15 -B(R 14)-, -A(R 14)-, -CGe-, -Sn-,
-0, -S, -SO, -2 -, -N(R14)-, -CO, -P(R 14)-
wWOo B{o®p(drsd4) -, - B(NR 14R15)- and -B[N(Si R PCT/US2007/085365
14R15R16) 2] -, R14 , R15 and R16 are each independently
sel ected from hydrogen, hal ogen, Cl-C20 al kyl groups,
C6- C30 aryl groups, G -C 20 algkdxy groups, C2-C20
al kenyl groups, C7-C40 ar)§I al kyl groups, Cs-C40
aryl al kenyl groups and Q¥2cC40lal kyJdPyl groups, or Rl14
and R15 , together with the i [
forma ring; and M3 is sele ted from carbon, silicon,
germaniumand tin, orN\Ris R \p2
formula: 17 24 1 2 17 24 Mhereiln Rt R are as defi ned
for Rand R, or two ef nmbrgAdiacent radicals Rto R
, including R and R, togetf} ththe at ons
connecting them form oney,0 i ngs; Mis carbon,
silicon, germanium or Rin (prefer§b| y R13 is dinethyl
silyl or diphenylsilyl). [006%p3The nolar ratio of
cat al yst/act i vat or errpl oyed preferably ranges from
07 24 0 100 prefeeably from1:5000 to .. 17 24
Whereirbl?l 0 StarBraéfdé:g'gB P‘ﬁlcgﬁl,o(g ‘%Cvoo gt morg J%(‘ﬁél% fadicals R to R ,
1nclucﬁ£%) gﬁ%{lkﬂt {b% fhdf %{ﬁl t}{ec' tato"ff?snc&ﬁeaﬁl%dthérg fﬁﬁﬁ%'n@ %% e ings; M2 is
a tri (hydrocarbyl)al um num conpoun avi ng rom 1
carboh,Gilidncgerbansni, or aaa;ﬂsrefeyaiﬂp Réﬁ'lbyd[mghplwpiyl o dqplmn@sﬂgar)

ctivati n cocat e e
[0065$ossTltﬂ @0 Tafiy |Og>9aﬁa %ct%(r% wﬁw&%&fﬂﬁ@ﬁ@y fr%ﬂge§ ﬁ@n} 1:10,000 to
100:10eReE i Gt RlabPIfdt Y 56003%3“16*19%65%5?&%?}5 RUEN: AP to 1:1. In one

oxygen, water, and al dehydes from'the pdl yneri zation
embodimentirthe d@petﬁbstr @dn d:teu mts¢dmm componates bl & diei(hydradaklyil)aluminum

d f 6 b h o
compGyne) hF G d<Bety SRS i Ca Ml BrbYingroar sy MR EE  activating
cocatzﬁflﬁs ARy kKb betitMbyedPTORWossibls &P BBy théke BMUihum compounds for their

i SO ut%‘;y pentyl,” neopentyl or isopentyl. The nol ar

beneficigl j api tﬁetswe@gﬁmmeurlw sdabmiash mg@npwtﬁﬁ g aldehydes from the

L O TR A E—

havind ‘flom A t60S tarPéiBf @rdacll alkgt @‘ftﬁlpa@ipe‘dlaﬂy Migose aetadréih tbé alkyl groups are
conpri ses a stronﬁ Lew s acid, esp eC|aII¥ ) )

meth}tlfqn@(lp@fﬁpélﬁ isaBropph ariptyl bisp bl Peylanernsaly! endserinidnfhe molar ratio
I £

of el BoBHR ¥ Shuy FAFAAROLAL & HATUNPHM! 110,880 LERREL Hite preferably

from 111060 hy 181 1y mhast preff@b6fromheS@htall Vst Asms!;teprsfermd b@r@ne activating
f their, conponen . use S ort

Cocatﬁw.cea}pweso% S%?Pgof«a%ﬁ. ﬂﬂ@Swe&tﬁﬂg&ﬁﬁée@aﬁwgghensﬁg?r&m ¢ In another

embodHRRAL S chAf) sf'gcﬁndﬁlulnh§ &3 cofbiBdNRSh atQLRY Snc £&Rhiok 88d a co-activator
magnesi um chl ori de, polyethyl eneglycol's, polystyrenes,

such gaaligtegltzancsor tpothy afringdesm.

[0066] The catalyst systems, or any of their components, used herein may be supported,

typically on an organic or inorganic support. Suitable supports include silicas, aluminas, clays,
zeolites, magnesium chloride, polyethyleneglycols, polystyrenes, polyesters, polyamides,
peptides and the like. Polymeric supports may be cross-linked or not. Preferred supports include
silica and fumed silica.

[0067] The process described herein is typically used to prepare polymers of C3 or greater
olefins, such as propylene based polymers. Preferred polymers include polypropylene having
from 0 to 50 mole % comonomer (preferably from 0.5 to 25 mole%, preferably from 1 to 15

mole%, preferably from 2 to 10 mole%), where the comonomer is selected from the group
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peptides and the like. Polyneric supports may be
cross-linked or not. Preferred supports include silica
war@shwsed silica. [0067] The process descri beRPCTTEsB0TI085365
is typically used to prepare polyners of C3 or greater
ol efins, such as propyl ene based polyners. Preferred
conmmg)dﬁeﬂ@léﬂecalnddmem biapcioglydresyelid avita @ 30radefint3, pefdbtbly alpha olefins.
no|l e % cononaner (preferably fromO0.5 to 25 | e%
Prefersede cRmgpRm)ers (1BeHde cHYISCBrEYE Rrehe roging. fp ng.o3pg-trimethyl

hexenl, © 3] nktlg,ﬁﬁ%ﬁ OMherhAnsft ct edidy Ll 5‘(5 the like.
exmbréuﬁigﬁgr ﬁ?ng # et 8 enézéﬂg %ﬁ%dr?lgggﬁ%he(%% and the like
Dienes yadyi a:ls@betusedlﬁ@ thel efl¢ nemomméremraeml eytaqun hatrolmehomst. Useful dienes

inclucggt{eogl?é{lacﬂ ne : Sl%utgcf' 1gne, ppﬁa&@{%&? eamé Qgﬁg[&%m I&)f)el?neehr, branched

or cycHe i &Re, paranethylstyrene 4- et hyl pent ene- |,
di cycl opent adi ene, and the |ike. D enes nay al so be
[0068]isedl lmspelyglegmt@ncmn@immf thy mpoomet,egongnomers, solvents and diluents

nono |ene I ncl ude n ie
prefery B SATERR P ad BRe Beram o fOR B figra comonomer
mlxtu@Qoﬂnpﬁﬁﬁg .at DERN @h@@oﬁfon@ﬁﬁ@ﬂ kéledle®fiROm OIEBE, Eﬁl@ne hexene, octene,
yneri zati on nmedi um of the nononer, conononer

decengol%ﬁhglpawan%m M@psmtéﬁlé%bwb@wu EésCZfQOQwﬂs%efmo C4-C2000

a, 1nte¥}4al %fo%fﬂﬁyén%rk% 0060 w- dloie(?ﬂ?s aqrb?ldé(lis it if e éorﬁlornoner is ethylene it is
re conprl one cono

preselﬁellt éohed té LOMmtEt (hyseeneon bhlft %%ht bethe mﬁnnoﬂ&treﬁt&i comonomers entering

I I I
the regrgtg or ﬁ\étﬁ]glateéay D gzﬁrggrsptg\e %Igo%%%g? @g%‘g%l}? r{)?opylene) is present at 40

weight % Qﬁ%&%l Qéeﬁl 1§J0H5the HebrGRO %n@m\é’fsd Wl @(ﬁﬂl@t‘fomers in entering the
provi ded t he conbnoner is ethylene it 1Is
reactopr[es elittbrnatlvefly a4 wo %0owbigrd baﬁddupqcmo thet weigheiof lihe @blymerization

noners and conononers .en e reactor).
systeril b B Py OpRETEITE PRGTRAL SPThE B ALY p e araBrger (preferably 1 10
45 m&IEORY [1R8&) upch HeCRBinlt mERoM& SRt comont® fedsPapRRlided that if the
upon the wei ght of the nononers and conononers in
comorernesris Agytdne iirie ataseont 4t Or5 TQIEtOem@lat%\)Mrwlfatnamelwat Oet@p0 wt %o, based
upon Hloe welﬁﬁ efd th% g)co)Pymerlzat %yes rﬁl’lcl) fprtP\éﬁ%&r) gls% %t'hlgtzc%%nloggmar 185 cthylene it is
preserﬁQlt 03 © 2 wOIpRmRermaRheier ablywlsbasdibupsalite ¥eighbas®ed monomers
upon the conbined nononer and conopnoner feeds,
and coipeRqraRIY it pREETING the Heackunpiosifse thay ibthewpeeomer jsgthylene it is present
at 0.5to 20 nole %) [or alternatively at O
atOS?%E@%@@. % based upon the weight of the
[0069pol yhier proedss off tisyjstemt iyeotordedh ddeaineior rhdre cemtysdmeny number of

is ethylene it present at 0.5 to 20 w %
reactogs {netefist QF {p paral iﬁt S OURR Ry Bé%talyafﬁ SAN PR éiew]evaﬁ%n @ of the reactors

of thd ﬁ@zﬁ@ﬁ%h%e?ﬁ& SRR %F@H@S}r)nggen% nﬁ\eeﬁlh&g tHe pt&A€41A%asons, no more

ded that 1f the conono I's ethyl ene |t IS
than fpreg@@qhystsaare Pr&etred 201 wit Brord DG GrecTéralpsto eessomfpretheed in any given
reactoﬁu e&)tr%#egg ggﬁ‘?g&%s%ﬁ 1n§1§1?et}oglsc%8roursF El?eggaglgqaﬁt)raﬁlh}lf%% carl}ale}llgt\é or catalyst
mixtufdNRehe BfffcbdH dhdf$liBalGRAtOS oF R RYEEr k&ttiBRYf Phe pfdSent invention. For
reactors of the polynerization reactor section of the

practipfl ggasans, ithey denloyanent pémopnere ttharaten recetabistssis prefervet and tgrdeployment

of nofﬁ1¥e t%% as%xy %gttg ’ elS Qnef]cg)rréf%% & nﬁi O pik po merltzam?‘orﬁ f)porcgs% of the present
S are rre any

invention.
[0070] The catalysts deployed in the process of the present invention can be homogeneously
dissolved in the polymerization medium or can form a heterogencous solid phase in the reactor.

Operations with homogencously dissolved catalysts are preferred. When the catalyst is present
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reactor. The process of the present invention can use
the sane or different catalysts or catal yst m xtures
w0 pooslogsse f f erent i ndi vidual reactors of the rBPE/US2007/085365
section of the present invention. For practical
reasons, the deploynment of no nore than ten catal ysts
as a solsd pitagt ar the pobBmctrizhdorcepdtoy mesah b@fsulbpbrm o€ uhdupporsédX The process of
catalysts is nore preferred m%ﬁ rrenééaillon
the PiSsSY da¥engion{ 38 Bred¥ nEORipin; Ol[ﬂegf’mjmgl' A SicERapaays catalysts
slmul%ﬁ%ﬁéggres&t tntﬂ %np ghe ﬁﬁh i %F&ctdr@‘b@ﬁié g@lyﬁ%ﬁzatlon reactor
neously |sso In the polynerization
sectlomede umy(nreacianof ﬂnlerpodlyrimiz!atm@ scrtionf slod ptsqi mntim tfag contain one
ct or. 9 s wWth hom)geneousl di ssol
or rnoEea 0&11?/%?{“%0 aﬁwgsr é’ﬁ O 05K GtRIQ g pnGo s%iﬂystg s1rnultaneously
[0071P" €SP @9 c&s D2 thdd pRE&AR nidhtibh %aﬂ%lsé/ T{béﬁ%in@ﬂoﬂ 8ARbMAbgeneous and
It can be supported or unsupport ed. e process of the
heterqgemﬁtcaiams@rdqpbqyedamthesgalgmyrl@@n‘b |rmqrcsﬁctg:fn of the present invention.
These omnlgent?ousc anq hest SRS NERS s Cae 0 ﬁtr‘c’ g’t {ml tean 1n§? Yatalyst and
pFESERTTR GAPTEF Yo sV 1R T haiPVi‘tuar ' Peatt ot & Y
scenatiBEwRel yorRs bzl tabtofL@etradre 3RGt drMatdlyse. OndRy mid@@€edtdlysts deployed
of the polynerization section of the present invention
in thgypyocesnphithe Brescr NKYHONhGDBR HBRRMStCH 2@ PpEickes g Hdpidhneither can be
I
dlSpe]%%]de Hﬂpg (f:lglgi SpeJ o}?ﬂ%@?gtﬁ gfseg nL?;L I&f] %/a%n‘tfe o a‘ggelaqﬁ 43 a¥10ne£r9 %Ztll yst bed.
[0072¢oanhart ithoen s@fpohedrn@taneopmlale@l aretiBpagaehantie lﬁrﬁyrabry&tEn medium,
é ed.in the | ymeri zation reactor setlo of the
they ?)arne eexq lnh\‘;léq,]pp]gﬁlerlqﬂgg@cé ShF2R RS shparat ¢ product prior to its

é‘geﬂﬁﬂ'tﬁé HRR SAIE: A R fluilSRRIPESathFiBn &t t‘BQﬂi%d t f th
1recovc tal yst gnd sceenarl 0s Whelrl11 s%ﬁe e}a nre ctors uogvéls ream of He
polynmnizaldrhmcmmesecad)ral yﬁtthe Gragalynt pantides atealrgwtvsredl,epiiegyedler can be

n,the proces esent ention can be
discardf b o it itk PE LGRS ErersT A RBr 108 BRS A bodpupported on
stmcthﬂ%dtshﬁlgcfﬁsu IsgenP &y Mﬁﬁél‘ltﬁ@%bﬁ@ﬂﬁﬁ? SHEIAE of R8s CRMMISN @hctor walls,
in a stationary catal yst bed 007 When t he
lan@UWb@@t@d catal yst partlcles are dlspersed |n t he
ol atl
[0073gol % 1 e pcra%ﬁ] sgf? tde@g%supgérts L pogera%lgn Wflth cﬁsp F'sgd B?%lgleg is preferred.
WhenPtht @atalydt i Suphe&& 6 Widpesod pbicles a6paticak ittt chlyshecovery are
fluid-1iquid separation step that is downstream of the
preferpeq )1/ fe theLatalysh isrlef dn g nodangrprodyctiof gledgp(ggss gf the present invention.
r
UnsuBRl Sh @R ob R M vl Yy bPBhnf 82 oy hAGRES SFhe catlysi(s)
can beahabdistd cap @lnser e waysptor thedreactost rHoc taxb@gles wipp oathlyst(s) can be
. S%%E as nonoliths conprlﬁiag straiqht or tortuous
introdufieehith &1 PR GIeoRI RS ToeAPE P ibi ng, etc. [0073]
[()()74]/\h‘:"rlnt DRIt My §5t§l?fst s)sca(l%ee)ntl%ﬁﬁé&r ﬂlﬁql\%}]lo&%r &t hfdtiple ports to the
h dispersed parficles is preferred
reactomatlﬁlnydtﬂple pogs pponteddoomtdidepieg skhel cgalysti(©l dwse ports can be placed at

oen B B g B SRR PSP gt o

used foR etRIIAEIAS Sih@&atal{aﬁ(sp r88 @fhpbdMENAA Lihe aRBHPSOEERGt feed through the
catal ysts dissolved in the fluid reaction nmedium are

lndlwdn@,tpogstns ahebe dlk samfe% étf&rqnét (shustmentbe theyemedifs edd &mgs of catalyst
throu%r:hugﬂo bif e(en)\{vap\é %a&E? R él’[l F?o{qf R%n% St’operu%s such as molecular

can I'ntroduce
Welghﬁﬁfs&mﬁﬁmﬁ Cﬂaﬁ@o@itlﬂg, doa@sbsion syEbRiod| yrystallinity, etc.
[0075] Useful reactors include tubular, loop and or autoclave reactors, which, when more

than one reactor is used, may be arranged in any order. In a preferred embodiment two or more

reactors (which may be the same or different kind of reactor) are arranged in parallel and the
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[0074] In addition, the catal yst(s) can be introduced
t hrough one or nultiple ports to the reactor. If
woriosiopdsed ports are used for introducing the PCT/US2007/085365
catal yst(s), those ports can be placed at essentially
the sane or at different positions along the I ength of
cffluchhef ¢aeRetantor id ntrodldddih® th@ kdrse plide yghtionrvessel. Preferably all of the
i ntroduci ng.the, catal yst( the co 05|t| n and the .
reactosh g PCHHing & Bigl §¥e$%@dpﬁe§?F@ﬂ§Hl £ ALl &H gh apypeteritical phase).
di £f
In a 3028 lRGRRIE St é%at?%ﬁ%%mf?ﬁéﬁ*ﬁ%“ﬁ MR Geed phase (preferably
both Ipaxrtd)ls aghaiblias rdab®rsyodd tlat ¢fdnefstrpainy mercoprbopel idfes,or after pressure
such,as nol.ecu] ar wei i stribuy conposi tion,
letdov&rb ﬁ?’% etqoéqpllaqugfqaﬁh]tsq oc?ttcpél é]:ttgltfwf HF&ES? se@%tlon[ Wﬁ%i which may or
may i 8w infeBA¢ hSikFioh MdaHsSuchuRY! Aiker. | 00p and or autocl ave
reactors, which, when nore than one reactor is used,
[0076fray T mlyra@rg@@on mresassep deksribed hergmpqp@faécr wel in tubular reactors and in

autoeIR APt “BriBF lei Do Ve b Palesi e GptFff B bacch or in

contirdidds tdaefl Tbyesmidobeterphodueaeityglant $husnb @UeGREdINIbA cbfiecontinuous
sanme phase separation vessel. Preferably all of the

operafigiads aisfcaied Wpepmmerl ﬁquatgqvSpr elybylag | repetarse peghtrgbly noperate in
p u al e

contlnqlrog rehgécge 4 m?%?(llﬁé%nto%?aﬁ% 1%3&8{5 %15&6 le h?gbr %mr(r)le{eé}r Zrtatlosg of 1:1 to

20: 1(prefesa.w>ﬁr4cr ith 120al) ahbae @m@ﬂlyrﬁb&dywbm h mgaspexads(uprte 2000 RPM)

Iar reactors) and the effluent streans are
multﬂz,la M@F&ﬁ%@ HHoGr s Briewdensth1Qsf GBIRFFT 43P (SHeh as less than four)
d40 t
the feggp'mgreglﬁgoaﬁé @gﬁéﬁlfysl 3# Qung@?()drrfé ysﬁt% Qllaﬁ%ghﬁl: rl1€t ;.hn glf the reactor.
Reactaigi wih ilange nanstesunhy dnsva mmltgge infed@iGporfhet nearly the same position

| ymer | I on _proces escrib oper.at e wel
stong e et dihs EeBh PSCRRMTY SR E] B o g B e of the foed
comp&idnty @dtht ARK rERRF &ntdnt. Al GRE aMSe IdF aﬁh’i%rds t&hRNrddBtors, the separate
operated in batch or in continuous node. To provide
introdgetiqre pf o dmb'sR/iSt possihdl andhwéten qori:@wed prustiuatrodyrtion prevents the
posmb% Sfofntla%ont Ifnhlo ﬁ%:téﬁéé]t%g rlrlgesdp ?eee leog ﬁ)%tvg%élftamgnl?ll&mg ]lpomt and the
stlrred;@cﬁiel dﬂiﬂ@ﬁeam@delnj&}tﬁhg al twb orabRGIRMBRNE eRGE A ]chaWeS the reactor is
Iength to-dianeter ratios of 1:1 to 20:1 (preferably
also poss lle(ﬁngosometlg)ﬁg pa@f@rrf:cypﬂ:@ramsgpnﬁ tipggaciprs pvhere the length-to-diameter
e irrer
o e e
posmams | Additibindly, imﬂie)laﬁghﬁaﬁteﬂqivest oaosmarelateyqdi foahd ydevices support the

high- s'pg gt%t?eci aﬁélgét 0%1 l@}/{glo qv%%? Ié‘faulb gﬂaldéﬁ‘g?g gga?l%(gig\fg?;h o‘Ivvot Qf more zones.
Mlxm?ﬂlﬁde@loﬁ thOk&edr QR P& ForRoRERS Johelth %llé@r@r PAFFdER YMegree of plug
ong the length of the reactor but radially
flow @hdsbaqukmtxetmg tlargallyl indefenderfthys tire thej sﬁp@nam xingg. dfwd hemore autoclaves
i qgonents with the reactor tent. In the Cﬁ to tail
with GG FRFEA T HOAB $rS TR e i Boiohts BaliEtrSATeror (o tilor

polynici&taaduad. ¥ s Ihléntﬂﬁ’t%é'al%@e @gerﬁfstléﬁbt&r @Jseédeegrplcﬁllﬁ thas two or more
i ntroduction prevents the possible formation of

reactogp eamneptad tihecrigys tn vhish the edlugeinel dideaseenc tlh‘éfeﬁﬁlxlieh‘{;}OT is fed to the
next rgé)ét?rtdownstrgalﬂrg i hlercra cadeZ oﬁ%l((fes th? %ffful%gtc;tfothe 8?5% %&trlegcr‘egr(s) the feed

nore positions al ong

of any @agdtér i shoab&ies pas&dbl @nahnd aﬁgiﬁﬁitdadfﬁﬁthpﬁ@f @6mbihatid®lof additional
I nstance, in reactors where the |ength-to-dianeter
monopmgt.; gt ¥t salvanifrashies rogreied fegrbstrasist Ghvppmercshgiors can also be

arrange@inC& %51%'11@1 U@nﬂg‘&raﬁio)ﬁ dirfid AAHUAINLARE ONich parallel arrangements are

referred to as reactor trains. These reactor trains in turn may themselves comprise one reactor or
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positions. Additionally, in the |arger autoclaves, one
or nore lateral fixing devices support the high-speed
W@ 001025589 These fi xing devices can al so di vi deP€T18S2007/085365
autoclave into two or nore zones. M xing bl ades on the
stirrer can differ fromzone to zone to allow for a
a reactbrfst@¢sanabcade greatn®h combigafidovf erds hmj:;b@rme)k rgagtord.ar gel y
ntly, in the separa zones.

i nde e
[0077but %é‘saésre\ﬁﬁtf’ﬁ S 8180 ey @S%fgﬁ@stheapff%%ﬁ%n&éfflowﬁi herein and more
partic%% yqﬁblﬁglsfe%gt%rst Qap'aﬁj"}%rcﬁn’;ﬁj%r?ft g aneg)ga@ootu't 8o 1p4. O TuBllaPYeactors are

mer structure. tion ve, a series
fitted Wé‘é{:d:xherna]amodidg ahy pinc ak Ingorhamged:tmn erntratengribactubnier) reaction zone.
. connected in.series, .in the effl uent of at I?Fst
As in GBSt s EdiT oIS ety GBS T Preagpgp such S propylene)
one og PNURS LhRRAbINBY, AR IGASHAdRuBE OF @RSe.t NE tefuf1AURREA! ckifhal cooling
upstream reactor (s), the feed of any reactor in the
often 9 we frgageade nwannise ccam@nﬁem @Iatwetth annytocbivbi whdre ¢re low surface-
oIvent fr

to-vol}lglgyrg 19 &111}1({;%5 any Islggrﬁcantra%a% 6¥ Pr%afl e ”]f éléfilr ﬁ,egctglgehavle g ospemal outlet

valve RBatagdnag@dda ipfessurbashatibvedvecutkivgrdr albh@nhe T, The shockwave helps
i ndi vidual arns of such parallel arrangenents are

dislodggfagy medynes rasidpe that des foraiedson rreior walla dugng vpaiatgn.i mlternately,
tubulatr%yctgﬁymﬁ % &R dC\QJﬁH rs'mc'o%rﬁg. gg)ﬁﬁl%gio%te?t{a"il sLARGL gg address wall
I'es ca creat ination of series an
deposnar ar dbalar rreaitdﬁ@ r@net[aﬂ@lﬂdy dpdrateadt pre’aited ros upa;o 36G o1Me may have
n. the process disclosed herein and nor

lengthéat}ftlioé)u%ﬂmryet?ﬁb% H0-4Q09nefets, angh Ky haye l%tﬁléaaéfi}aﬁ&t% of less than

12.5 ctrﬁ)( Qll%ﬂﬁte%ﬁ sl\tﬁ& 107 H[Qb’” '@‘}pl&ﬁﬁgh%ﬁr %(ﬁtdcrb hfl\%cter\l%tﬁ Qo diameter ratios
ext er nal and one’ or re injection polnts

of 10:alt@nQ,000ié apd mtalyl 1a¢1)1der gawt ilodiffzeneinjedson posititoclengaiss, length.

10078 o B FGinn P aEPT by BHs) 18 A B cinfibrasrye in invention

proce§s@t. alnystikh iRfanfdeX tHer R cPve tRSALy PricddbPib bl B384 RrSr the two types
external cooling often allows for increased nononer

of reastmy dotsi oppardk drainseof o rarellslirweioavenfigietien.t tfach cswwtems may have

1nJect10n r%fa i tloﬁugoiltglnetr eréngit/:?rofreg(li E:gr%rggléenéy %tg a 1|ra Cant

more pix@itulad aﬁm,@xampéeﬁgwue Shockwave backmard along the

tube. The ockwave s di sl odge any pol yner residue

[00791 hatInHhesh petoglstcsornd: BiREe reagiars.satdnierie, dprdsare ereferably cooled to
near ﬁhﬁlgﬁtn@ﬂlg@ét r& %El’é R [oeﬁl%tvfge Qg}ﬁukﬁ? c{)@ﬁ{g d%@lt ﬁlﬂs altxpmurn polymer

e autoclave and

oth, unpolrs inte rfaces ress wa
produdg@osiithén tHuhuliarofr maginoms o@emﬁhglthmpmwr@pdhadwocaﬁve operation, a
pressures of up to 360 MPa, ve | engt hs of
prehe ignonies HoHErE: Bit nebBecronl! fafrtge TAfiPhEgChFa pleady state if the first

rmxm'tg Bk Nk s@h@@&&rﬁlx‘?ﬁ% cﬁéﬁct&hﬁﬁslzlnStuﬁbmaf B GE NAefidét section of

ess than 10 cm cal Iy, tubular reactors have
doublt-gaviitted ttobidi amdtcated rrathlen$hamf cabledl and 150pGa@d Icoannuamaly. A useful
i ncl de.u to 10 |ffe |nJ cti,on positions, al .
tubulgry r@‘?‘%éﬁ arf‘é?f‘izgﬁ trf‘(eB O‘E’r a Pisplf‘%eff OVl rMEE S ﬁ%‘%’e%a“em with
minin¥l FAHid I Bt HRRGERES Hﬁﬁbt@hﬁﬂtlﬁﬁé ViBtoc AvENMRINGb@Ar reactors, catalyst
processes. In such instances, the autoclave typically
can b@r@@é@b@otméy autbalinlet, bubdswepimailyiat popor ygespafts along the reactor.
The cat%f}lg{ Peeas ec[tgds %Qﬁ‘r ﬁllee[ ! ﬁaoltl?esr' 119 e%t?on 1%;3 lcg be HFC %a%le or different in
Grat e I'njection o
terms @ d:bhﬂeﬁﬂ albnﬁ@t abrydihtrﬁﬁdl/ efc. fElasbsRNIfBRAt SatallstSRRY®BI @éllows polymer
points in the autoclave and nore particularly al ong
demgq frdoripg eAf @ﬁg@ewtor outlet valve, the pressure drops to levels below that which critical
phase separation occurs. Therefore, a downstream separation vessel may contain a polymer-rich

phase and a polymer-lean phase. Typically, conditions in this vessel remain supercritical and
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[0079] In both autoclaves and tubul ar reactors, at
injection, feeds are preferably cooled to near anbient
WO 00peraEsur e or bel ow to provi de nmaxi num cool | PGI/aRIN07/085365

t hus maxi mum pol yner production within the [imts of

maxi mum operating tenperature. |In autoclave operation,
tempeaaafnnfeaiaﬁlahsrabop@ﬂatlﬁﬁyrﬁérhlﬁbamdt‘sn Rrystullizanoh t?ﬂpkﬁ&&?:ﬁ I The autoclave or

after t reacti on reaches steady state if the first
tubulagireaciey e?@ﬁ@t HASPEOHEIZEA R SRR DB icdhgl Bicewrs sppiakor (HRS).
[0080! Ub_l*ilnaaﬁl?rro?% Iﬂﬁgi’-retaa T £§SE S c?c%gﬁl?e‘a?e%ig gﬁgb(lnfe'ﬂegﬁ lf)@toﬁgrated in the

ubing is heated rather than cooled and IS operated

superadhl staeus|apovAtheswelidifluidiphdsartransdion gresswre and temperature (preferably

characterized b lug flow. By plug flaow is meant :
abovey i e FHHCR e et PP gD Svel G Thay be operated in
the 9Qifd@itRACEStatd N POt dho tthgongliauh@s! s amdndiHdM! Hressure  and
reactors, catalyst can be injected not only at the

tempargthestprefemblnimycdipt flodluig phase drapsition meseirpaidtespatabng).
the reactor. The catalyst feeds injected at the inlet
and other injection points can be the sane or
SolveflisfliGicaiat in terns of content, density, concentration,
etc. Choosing different catal yst feeds allows pol ymer
[00814esi Qe erabodimichigof this ipyentiop g %llﬁrseﬁ%rﬂl@t angpfogavery |ge polymers from a
. . I 0 e i tical .
bulk BRERRHEIH IRuMR, BHEhnd R ol Bl T iy tn s proferred
embodgiefar, athe Opoly@ssadtionayediant aomsias bl i Petyntidrchisqpiagleimadmixture of
a polyner-] ean phase. Typically, conditions in this i i
unrea?ﬁé@ Jnommssy gnd aﬁféﬁi&l i%?a@@r caRaPRRSer gqu?régere%iSwéJem or diluent is
used. @bove the polymer product's crystallization
tenperature. The autoclave or tubular reactor effluent
[0082] s depotbss embaditheots, soltvents/dgudnite atvi giedpimethsup@ymerization system to

separator. .(HPS).. [008 In any of the nmulti-reacto . .
produZ BRI oBLATHOER 1P DG i £+ Had FARBB apdyes viscosity of
the pdi{¥@eiS piSh Ghddidkadr foF 8ther PlirpdRAY &n th®o8Rhdnel % hatk hdPLAS@ Y/ diluent is

transition pressure and tenperature (preferably above
used, tthe minimumf quandity tefs eolvendidghentorpqpireds darashiene the desired effects of
proa RSBk SRS so B SBFTRLFRab R Stueine visosty of
the pdlyra&isatio® MddhSs S, 6 @ed. TreapRifatdd eftwdaheitaik woak@uetion of solvent

the fluid- fluid phase transition pressure an

. . . . . d
require@ ffp e oliregrizatin PeAs 1 achiene shpooBaqs orfe! Entbit erer 0.2 to 20 wi
%, or 83 oSy BY&ES 4 ?@ES 2 o4 *6? 05683 @f 4;0n and recovery of
pol yners from'a bul K pol yireri zat1on medi um cont ai ni ng
[0083ho | Diducintssfok westtil @rthel ptasenttinvdnnion ncduder @fearrrmaate C,-C,y alkanes, such

nbodi nent, the pol ynerization nedium consists of a.
as etg%ﬂey MRPPHICs SHPYERC irOYIaRFx R DIAE, Uritc8RaE e d-HoWBRemiz§d hexanes,
: ' C C g P
1sohe}§égllg,v Eeyﬁ:t'fdﬁgir‘iﬁgie,l %%ﬁ{h%?efsnehgtgpgﬂ%gogrzl% afcﬁﬁ%{cﬁ%rtﬁéh 1 toluene and xylenes.
In soreerbmbodmwnts, thsalilventt @hghriseren extareeofithesd dilmenthe In some embodiments,

.pol ynmerizatjion s emto produce conmercially useful
thedlE’PB é’feg?zra lé’rg?ﬁicﬁ)i“q'i ze catal yst conponents, to reduce

[0084Y | SAASIok Ghbddi@cRQItNeRIh&ERS RMdFRD] T, P lisopRFaffid) PFeferably C4 to
purposes. In enbodi ments where the solvent/diluent is

Cioo wepaaffinpepiefarebiyi e qtmbhi tsppetalidns weere/ picfetadhy Gue@uCoe tboparaffins.
t o aghi eve. t i e b roduci

Prefey o A PRI S E LR, Euft Bl s g om 067w 082

g/em’s RPONE Poigt isI-8010C b Bsy,ipseRiblyy-50°C or less, the viscosity (ASTM 445, 25°C)

is from 0.5 to 20 ¢St at 25 °C; and the average molecular weights in the range of 100 to 300
g/mol. Some suitable isoparaffins are commercially available under the trade name ISOPAR

(ExxonMobil Chemical Company, Houston TX), and are described in, for example, US
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the polynerization nedium etc. is used. In a
preferred enbodi nent, the concentration of sol vent
WO e@aioresdd i n t he pol ymeri zati on medi umto achi BABEUSIVETE8S5365
effects is 0.1 to 40w % or 0.2 to 20 m % or 0.3
to 10 wt % or 0.4 to 5w % or 0.5 to 1wt % [0083]
6,1 97DiSlS ,LIE 811 8,10Dand S%Q{Osgnaﬁdﬂgbl@ rcﬁﬁﬁl&rmhlhlhyl enlSOPARNeudef isoparaffins.
nmore C -C al kanes ch as ethane, propa
Otherﬁugﬁhlghsgpaqaf Bt élso ﬁorﬁgmc‘éeﬂéwaila %H]@(%*l éhe q%adﬁ:gg@gﬁé SHELLSOL (by
Shel IIFERAArIGK ABESehd AN PAANGy HHCSABON! AesH &Y ALiAREARTSHELLSOL is a
c., sing ring aromati'cs, such t ol uene an
produx’g/(bfehe RoydlgdnBha@hGomiprog| rﬁosnpanhas for Expamyile Sbelprol $HE(bailing point =

s L SCRHIESE Ly PSP GRRE LD . for s

SOLTEO dQﬂF n('b&htn@e pginlt ue nQ§3 PRFIYIdSASOP 5190 fproduct of Sasol Limited
|so€ara referably C4 to G oo isoparaff

(JohapresbweaBouth Gdrice), Gasxanphas ASORS]PABH 8, PASOEF4b(bpil@y point = 238-
274 &0 C20 isoparaffns. Preferably, the density (ASTM
b52 15.6/15.6 0C) of these isoparaffms ranges from
[00859. 6 nta@oheBEmBbdiffent, UNEerPOMCIU@O M to ICS5 n$Brallinspprof@sily C, to Cyp n-
referably -50 0OC or |ess, the viscosity C?gASTM 445
paraf @m)efqrgblvﬂeﬁv &1 sn-parafinsdeying lepshad. 1 aiid ot Ivefezabdy fgethan 0.01 wt
0 ul r g
o TS S hab! SRR hed Pt R SRE e wade mum
NORMEG(EﬁxbﬁMobﬁdéheﬁﬁml ICoepahy,( BoxaoiVobx ), z(ﬂaie meC Sd)ld commercially as
any, Housto and are descrlggd In

NOR%&%nﬁplées L‘P§6 nl@yafgg%’ 31118 1281011@5 g]ﬁ]ao m@g‘g @gaéerr%dn ddlluents include
dearoﬁlg{laz&pmraﬁ ﬁilélrﬁcé}ﬁoﬂ ?Qﬁ@%lﬁéeﬁ sl of RPRE[ ﬁ'cfrgﬂﬁs isoparaffins and

O her SU|tab e | soparaft are al so commer ci al
cycloparafitinab| Bypucadlgr theherd aadmtmalﬁfﬂdECﬁSﬁbln(aby)aﬁlﬁﬁlhd Jisoparaffins and

cycloé%%%%yr%?%ﬁgﬁL%rd%np;hIglreliﬁalggbr gn ?%tAge cfon asn(l) IVery low levels of

aromde! 15/3 o s Freftpaty 1&9MPAND 45 re?&ﬁbl?ﬂ@d&ﬂ'h@n Shal dre@htics.  Suitable
T™ (boi l'i ng q:)E;{)lnt = 215-260 OCF IS a product

dearomfatiidealipbati drp¢ap@r@@m@amewlly|_avallﬁd¢ upged i ‘@ade name EXXSOL
220 o ilin ol nt 28CD SASOL -

ExxT AL CBhADRBESE TNARRLERTP R codlFRuPdgpesor series
ofdeJr&hat@di?dﬁFﬁl ®hSASGdrédRAoat0, SASOL-47 (boiling poi nt =

238- 274 OC) [0085] In another enbodi nent, dilue
[0086] nc| Adsiitienal infpmatiopanarsefsl dipetteriabloynd at opagee Nl % 13 of WO

ffins, preferably C4 to Cl15 n-paraffns having

200#P§§§@than 0.1 wm % preferably less than 0.01 wt %

aromatics. Some suitable n-paraffins are comercially

the t ade nang NORPAR Exxoanbl
Hi eSS 4 " ecygle S and Do eesSing

[()()871:‘:’”"'{?1r %h@l érﬂb(ﬁﬁm%m%fﬁth%eﬁﬂx%ﬁtlﬁ [hep Bﬂinﬁérfﬁtloﬂ Ns as described in

anot her enbodi ment, preferred di’'l uents ‘i ncl ude
WO20E026981 i(cigz dat atesphatus @bémed thecelpid oo mpesissienfyr ¢he polymerization

medifils By PREFPRY BT Cinp D BTG Eregirohy egpout heating
to a PeeRuRAHRin @Eﬁ&é '(\BﬁlaCh'tﬁ?é?ypBé ﬁﬁéﬂdﬂ&n%@ve@y&h@f@&ﬁ@?d@@re is reduced
preferably to ClL , preferably C5 Ci12 .

belowcibatckdud ppemtyprbstswel (@pé psclopblartbersgamper#fyer io dapbaheye t%/e crystallization

point g fg trlrlgtrﬁolig%ersgtf fth%) E)%Pyng)erlzatlg [&f &idt 5 y 'h%sc' avat%Qge%quy results in the

formation of a more dense, polymer-rich phase and a less dense monomer-rich phase, which are
then transferred to a fluid-liquid separation vessel (also referred to as a phase separation vessel)
called a High Pressure Separator (HPS), where the monomer-rich phase and polymer-rich phase

separate into two layers, typically via gravity settling. In a preferred embodient, the pressure in
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dearomati zed al i phatic hydrocarbons are commercial ly
avai | abl e under the trade nane EXXSOL ( ExxonMbbi
wW@h@sioo@B9 Conpany, Houston TX), and are sold PCT/US2007/085365

commercially as EXXSOL series of dearonaticized
al i phatic hydrocarbons. [0086] Additional information

the reactotiGefau lcagi drieedhSon & nhcrd tithnadncpiade asch is bewkdn Gfand@00 MPa higher
004/ 026921. Hi gh- Pressure epar at or, Recycle System

than élﬁdprewf‘srr} é%wmaae@esmae[ oy ps |the digh eFRse nSéﬁ%ra@r) preferably

betwekR G5 laBy 98 hRp Jfaebl YR 2AAD5 QR 56 VS, descr i bed in

e‘wV12884¥826921pr 9tﬁe préSsure ?s above the cl oud

[0088boi rin mmd&smﬂodduneﬂthenpqhwrmarme itbe terepiremye afidhd¢ pelymerization

. po rization diumis continuously transferr.ed
mdi i b Pt gt R reRgy O B R EpETE datiet fgidown valve) o
prevefieY is6Bd-(iWNdChhaS@ YraRgtidn (&Y daNRaticd) W) the WOBMRrirR8 phase in the HPS,
pressure is reduced bel ow the cloud point "pressure

Wthh( emdd mcetﬁreasatheypqlh@elt emp@n‘ra@tmnelnrc@ak@mr s gneditppecools, or to allow

stal l ti nt of th
operafiy 3 B B8 b 35 HrssSlepi 18 BEGETFLola Tl nagial vpgorizgtion of the
monohféﬁriﬁﬁ) rphadd. OTlTh@fmoﬁhoﬁ‘Iéf eichl §RE&, isPBéY BRically Gocyias fo@Nthe top of the
| ess dense nononer-rich phase, which are then

HPS rOr hageasterehiiothy Falymey- mhqnliwée deparely Jad e 8@ or mgre @ptional low-

press%géﬁg%%g%%r%PgsS%%SEEﬁ?%dr 3%@%5&1\?92 tﬁ/eeﬁﬁﬁéﬂasg Q%Ja?a%ta a%(}]ultlmately to

a coupledsievelatlizol-ysuel 45 adliSPhérger @XTRY at deviohttiaingwextiudyer The operating

typically via gravity settling.. In a preferre )
presseﬁ%%ﬁﬁ%e AED2TRtAkS grally idqeneascrin g ssparathr cafcaﬂe §asingge polymer-

rich p[l%%(ih%rddvrnsff@é}ﬁ s opfbebécérn'e Mdte @Bl e e golﬁﬂgr and depleted
MPa hi gher t the pressure in the separatio

in the/ hghtetor(qm]mhtsasf tlieepdiylghrlmtleassystensetpﬂnr a mo)lprners and optional inert
fer bet en 15 and r ef er.abl bet ween
solver B GR coRG AR e TsRB TP A B TSRO oV TCae

may i ncrease the tenperature of the polynerlzation

medi um by a heating device | ocated upstream of the
PHASH &E%RéTﬂ@NuT:EW AERE (| et dovvn vaI ve) to prevent a
[0089@OI Ilgl bg),%ICIHGIR% g§ ghet Lar{ne]ilehi}i%% (IZOOnL? ﬁeatl%%) of% tLe poFyrnerlzatlon

mediun ﬁ{):ﬁ@abﬂ'&ﬂth@ pRE‘IN ledddvanddvies i€ ﬁﬁﬁﬁm%d Wheinedt tdﬂsﬁramts imposed by
coo or to allow operation of the HPS at a hlgher )
the phpsss disgeannnier t her Relymavsitiont medivgr. phiet csficient phase: scparation,  the

tempe\fe?tﬁt%r bF @ld gﬁlyﬂL rfzyt?onnﬂ{e RN -k 1460 o FPQ{?C% ton%e%rerrugem r?chuging device

mononer -1 | ase I's t en typically recyc
(letdotvapvadfe)t isehlglPsnbunglt e presantt @ rsolidvlijeidt pleasp abparaionr from taking place

phase is . typically fed to one or nore option .
upstrqaawf e%rsweeprr&sgu@éberé.tpaw BIPBLYIOp| e @é%bist Pl fifficient phase

separé}fonttla g&lafu% iP Q@§ &gl Qﬁtﬁ%‘hosruch and Wihdy FRLRLY UL qr)educed across the

coupl ed devolatilizer - such as a LIST dryer (DIB
pressuteviellading i degicextletdoen . valve, @lrmer‘éntcrengxmsessprpgsreoﬁvhetﬁe an efficient

e ERELAL S LA 0 55 B SR bl s

can o&&PAf dh@sh @&u@ﬁ‘f)@éﬁ@m’@‘% r&RACRIML S reﬁa@lﬁial'\ﬁ SitRitiBR lo¥ AR monomer-rich
and depleted Inthe t conponents of F

phasep ol Renaniligahle @per@yeg e'«mge ux,f Helaserﬁ’wmmdspraqus phatontisfy these criteria

may ‘tl)engetgrmﬁe&/ rg%nsa e%arllttu c- gddl %rn 0% the polymerization medium
correspondlng bhase concer ra ons uﬁ% ream

(such as the type depicted in Figure 2). Because heating of the polymerization medium increases
investment costs (installation of heaters), and also increases operating cost (consumption of a
heating utility), the preferred embodiments of the process generally employ no heating if the

polymerization system is already operating at a temperature that exceeds the efficient phase
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PHASE SEPARATI ON TEMPERATURE [ 0089] I n enbodi nents of
the current invention, the optional heating of the
w@odogegsBzat i on medi um upstream of the pressurPCT/E@STOTORS365
device is mnimzed within the constraints inposed by
the phase diagramfor the pol ynerization nedium For
separe&foﬁlitahpmtuwwens epic@biialy, diftedireemenatigriee pdlyinbazation medium is

nerlfat|o medi um at t he entrgncF to the pressure
R

at a t?%ﬂ?fé‘iuﬁf‘g Qusitean thagremwied vaseesty ithe mitigent mbaghsaparation criteria will
emplogrr géélgﬂ F;cgtr%g% 'r%l%o#énﬂ}ékﬂ?tﬁgaﬁjﬁe 38 51afHe %sl{l%{ﬁegiﬁ&hg%ewce (letdown
valvep eplrtati0ONCyvesSeb J0FPSpr 1THe 3é)f’C| abogatmipimase required temperature for
ff.%ﬁgﬁratlon tenperature is al so high enough such that
cthel ACREPPIMsure is reduced across the pressure
[0090] €dUgi d&ﬁsﬂ@l’éﬁ@@ of Hﬁt Qﬁ&‘f@n ?la‘é@kepa?ﬁﬁ)h thih ?étﬁtu@é( biteBiadthe process of
pressure where an efficient separation o
the cqwlny meentert @mbmlmumtdh@f%on@tmmecﬁu@ha@e oahdmiodiment, the

temp%ag[u%n?\’}lé%[) Cl?na]leflzaolronﬁgﬁ F]i%ca;llcs: u Pf: é@i(ﬁﬂﬂ%@u ?&il?]tézpnm 10nu[ernperature of

the papﬂ@fredsmamﬁig ﬂﬂdsr%actfaﬂem@@ﬁhll sk &c QRS pilckdige, 'AOQPELDf at least 5°C
nperatures and pressures that satisfy these criteria

abovenﬁy: prlidgRvier Phase dransision atcmpriserat Afr deppelymgi-eonitiamg fluid reaction
r ( ol
medu%l'ge 2&? gﬁgé&lfcﬁ&r reEsQﬂré/ g@&le e?egcgoelgﬁ gﬂa#ﬂkt ?(‘)"‘fé1 taﬁ(?\r Hl% {o1RSAuid phase
transfp@hat vl rpozia toif etre prﬂgﬂmamomnﬁgﬁhﬁd toavat mediincashSreactor pressure. In
(instal.lation of heaters and_al so i ngreases o
anothﬁp@?%qilmsntc%te@@%%ﬁﬁ %fawe%ﬁ 5@ aﬂ@ 209 n§: 0k Ptivesy 60 ppd 250 °C, or
betwelh ‘?f) &hfi 800" ‘BPQE IREA §0 9hd 186 D HPEERSHON LR {Sobce BPb&Ween 100 and
no heating If e polymerization systemis alread
140°Coperating at a tenperature that exceeds the eff|C|ent
phaseseparation tenperature criteria. Alternatively,
enbodi ments where the polynerization nmediumis at a
SPINOERIEDECONPOSIEON han that required to satisfy the
efficient phase separation criteria wll enploy
[0091heatlnr1gef66red aami@dtrh@t& efrﬁ@r eurEANg iaentipe ﬁhnlmcssmfe tedecing device is

demgr%éiot% 1r08r %%tlrj%ls alr ¢ oglgﬁ,gd \2{1? lov? )na mpressure via the process of

spinde Qi'étdrﬁﬁbsitﬁﬁip Wh&ihulfegulfsolh EpHas€ lrrﬁﬁphq%'g@s@f SERBrPdrc@Bting network of
[0090] In consideration of the eff|C|ent phase

the tvee phrES | (8150 t @HPE rasUretimupyse pogphalegy)p Pibeths dpirple result that the
[ C I

polynfel[' rrlrcg %ﬁu@ég&h%rﬁq%hngﬁhsgg d%@ﬁn%a!ﬁtgde ?1# aft’il(:i:_\ rs[%@rg al{aﬁld ép !Mf B fluid-liquid

grav1t§1 rsepap:mth(ynmssd &ucbns ay HREYY) iSpimidevdcbmpostbn gecfvbnts the formation of a

hase transition tenperature of the pol r-cop t ai ni ng
very flowdipepgaging gyt ‘alsgtﬁlllrg mix{are,of é%qn@plpeﬁ g]égega @o yrner-rlch phases with

a mo@?l%l@%ﬁﬁfay h&d! dljog@%tof{:}g&ld%@\{‘fcht sS@ikspdsdd i LeRAEus polyrner-rlch

ansTtion tenperature of the polymer-containing fluid
phasey edeothi Bndsréed bemar alatltritié/ whae tthe pplyess ypr¢entraiien in the fluid exceeds a
abl C above the solid-fluid ase. :
eitef S B R CmBERRE 31T DG oy e PGB AY B 1 i the region

of thé HRGd ARgABAILERRL thBeftigAguRr pH&s@S&Hﬁl@a | (bigd¥at MBlndary) and the
enbodi nent, the tenperature is between gg and 350 0C,

spindesl bratvlesen asOllaswatcasby 0l @pssatdhsdnarze ianHigaGOC, Inotthe preferred
ernbog%{ 1118 orlC tﬁg ﬁurg nné]h?\%ggl, tile %Sfyme? ogcen%at% not%e ’poglrnerlzatlon medium

ween
is always higher than the critical concentration described above (and conceptually illustrated in

Figure 1) and thus these embodiments utilize the process of spindoal decomposition to avoid
gravity settling problems. In one embodiment of the spinodal decomposition process for

supercritical polymerization systems (such as those described in W02004/026921), the rate of
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SPI NODAL DECOMPCSI TI ON [ 0091] In preferred enbodi nents
of the current invention, the pressure reducing device
WO 200dp%i5gned to drop the pressure rapidly enoupdif/uszud7/085365

to an optinmal pressure, via the process of spindoa

deconposition, which results in a phase norphol ogy of
pressi@@ ré¢duicaomp esredy tht 'pmgsuretrmrcmgodevtdee(ldt&mvrphﬁs@sis (laVB@/sec or more, or

called a co- cont)nuous nor phol ogy with the desirable
2 MPy/gea ArimarpeRt 4 MEa158¢ Qiaprey P%Wﬁg@eﬁﬁh% rich phases

di sengage easily and settle rapidly in the

fluid-liquid gravity separation vessel (such as an
PHASPSEP ABATHONPR EBRI0ORB oS t i on prevents the formation of

[0092ﬂD g[ Y, Sl W drig%gg ggﬁV ae?l‘g 1&1?{'6 e t}%ﬁip{]sﬂren(]iownstream of the pressure
reducﬂl%r&mb@(Wo&ﬂ"%lv@)aéﬁlddﬁl@lﬁb Qltlesﬂﬁ‘fd HRAP E%S'ersbﬁﬁatﬁ’(;}ﬁ§&sel (such as an

di'spersed in a continuous polyner-rich phase
HPS)tl@rﬁﬂ:l;ﬁCted t@cb@ rbem;w ljhglcllqudwp@lnt u)h@sgguyn@nsure that a fluid- liquid phase

separagf?gce ei 8 ee él{ hlrgz'ﬁ e&{qﬁélg};o S%t} OV<e. tﬁ %P!é)tr ;g)ﬁe%lglér\e/ aof Y% monomer-rich

phaseS &P fr@tchn FuM €61 Qlartil Evdpdrikdtonr 9i B8 @bnéhe-dagBasc. In preferred
di agram between_ the fluid-Iiquid ghase boundary

embodigicate il méwrf@mdwha@mwpﬁw&og Bnch BRBINZLBa meRepyre 4 the fluid-liquid phase

separdtt‘nolnuéetsge gr L ega% It’rf]b g?L%S]? # ?htgeg @?gﬂibolﬁhg&&%rgssuﬂe Within this

prefeﬁétbplﬁ@duyemhg@ aadehiw dic pinadal bhimdpgl pta@mezamtil aboveredi wapor pressure

i s always higher than the critical g entr t|0ﬂ
of they agoepms&acla@ % CArRPCEBRESPPIAIT A1 PF §8PY°RL '8 Ph! prove to be most
cconofli&H! q{lgﬂeraﬂ?gssﬁ% ?&1%9 e @JKPQFI tn% HebhpA&sibh %f the monomer-rich
process of ‘spindoa econp05|t tG avoid gravity
phasesfet tcyelg it dltgherrpresslmesoeﬂm Edbmdﬁhmwtb ocﬁﬁ)hadeehsapgatmwlnt and result in

highe€ FEFRRe of ShEHM B ORY BbEr A ribppobiaABae S Terchee betveen

polyn{eﬁlch%ﬁ rﬁ&ﬂfn‘i‘&%iﬂhe HaSSlU Gitdrey S6WRBStht NetcRIreRBHAE in the fluid-liquid
reduci ng device (Ietdomn valve) is 1 MPa/sec or nore,

phasegyeparatipa/vsess] Gvuchmsean 6IPSA, MRhUkBately tegwising g lagger vessel. In one
FHASE SEPARATI ON PRESSURE [ 00
embo%en’? rQ[gthglmven 1on Phegsure %treiaﬁlvoe cor ess%r%e 6101en S(Eewce (letdown

valve d@wnisbide aig ﬂﬁldﬂhﬁll@ﬁﬁt&% @E@rﬁtﬁﬂluﬁ‘ds&g (HPS) aebdlbwetioyinodal boundary
val ve) and inside the fluid- I|gb|d phase separation
pressweseiedt Igastié MBs lawerHips) thesspyedalchaadey myesspet givat liast 5 MPa lower
0 i Qi
than ﬁiﬁ s;be ogigpg?lg&fa %%sﬁlr% a]E e "llef gtctéb PQ l{gl ﬂlealrl_]lo%g s%lnodal boundary
pressme a&bonecrmbedimapo theyresatd ie nOﬂO‘ivbleth ﬂtmmpof plehsumﬁhaﬁmonomer rich

to prevent full or partlal p ation_of the
phasenp denser. 1hae ©-pNHLeabavR, pe é%?frfgan B8 heHe 0T eplower than 10 MPa

above A8 %ﬁor e@'@ésgrep(tfatﬁg nREBAALLR 'ﬂhgs%d Iﬁ%hBihbf‘anb&Jlﬁlent the difference in

press In the fluid-11quid phase separation vesse
densityshetmecasthampolsBy-rich fheveand tharmertvencspichqhabe ounckar 9.1 g/mL, or at

cast GR T o Cpbetbmahgu Ry Bl e S bngR pit ast 0.6 gL

Densi%A8Pthe IhaSS Uit @n P foivdnprBRORRII- t%hl‘fograﬁﬂé%eme@dﬁr&pﬁﬁ 318 volumetric
pressure can be chosen that will prove to be nost

methaslsofesrexeraple i glesuripe dbe weedt & durhese Wethcebkmovm volume. In another
ernboﬁ)ltrjn%lt n[ge %: rm? ES%I oﬂase se ar%tl gsnglr uce ﬁg fbgtvsfeen 2 and 40

recycle, ressures al <6 re
MPa, Kihﬁﬁd%(ﬂl\ﬁ&ngmﬁmMPandr b@sbit 10nd 18 MPa. In another embodiment, the
HPS operates at a pressure above 138 MPa, preferably above 150 MPa, preferably above 200

MPa.
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hi gher density of the nonomer-rich phase, which
reduces the density difference between polyner-rich
wa@r@sonisener -ri ch phases, thereby slow ng the Per/@sSmwb7/085365
settling in the fluid-liquid phase separation vessel
(such as an HPS), and ultimately requiring a | arger
[0093Y es s&f the r¢uca@udatedyayetid profsutdidropnicebdgimthe sbb}&atlon of polymer and
pressure downstream of the pressure reduci ng deV|
unrea@?iﬁ%\%l%aﬂ%?n%ﬁ&i inety ilkfi [FEh3NE LRTAPCy SR IHCTHh A6 “hexanes, toluene,
cte.  PRPRERCHRACVRIRE SerkTRh Yoo Glifl el MinfdA0HRY - BRUBAIMK: product'
pressure, or at ast 1 | ower than the spinod
crystaﬂimandlaltqmmnrasmj(loe abave & °C efade olyviRa froduet hhham ctysallization point)

but the %g%g%%gnag& ﬂ@goé%/ ﬂ%r SR g]rgp r'};cro glglgfﬂr!%sggrlséﬁleg(g 81|}{P %elh?é%e énough that the

monoRI¥RaE} BRMAlple bf@y%ssc%w& dond&icl Qg\ﬁﬁstts%ﬂatﬂrt%ol{ﬂgﬁ/rater. The liquid
pressure of nononer-rich phase, no | ower than MPa

recyclgptigem qan thowes rackielnd 1o w&areactt@mylth@rhmd Ipowwmet éiyawnllmstead of the

hyper-ﬁggg)éesg(\?/rﬁ rtgalie}fel\éi: o?ré)r?,grg Y, te uncf{sht% PD ne?gaﬁ{::sguﬁe in this separator will
reduc@l eRshénore cveemtibiién Rahy MBHidpob/indpass whidh HE result in a much lower
nmononer-rich phase is at least 0.1 g/nL, or at |east
polymgrizatigmyate. orThat PPRASHZEIOR Kt Spe AMbogdiagntp Mgy gharjow enough to
t S / 0 ol
opera th% #gtggls&/gﬁo dmgv Eatgl&st S&zsfotg ogn %ﬂg éfr g?%?fé/gt?/ lélﬂfer is required
(e.g., tmp&uemdezb;yloﬁ;ﬁ npthe lﬂgﬂ pireeduté eecly'elbhdiéﬁ,prfﬁsﬁmoﬁxrampbe niyle to remove
rreasq;i ng the weight of a h(?se W t h a known vol une.
any pptenty t B ﬁ%%fﬁtthe fasclpd grapyteae rish monomer sHgyp ¢.g. by the use
f fi éc?lﬁ’&fa%l‘sbl% o) Qzéﬁ’giﬂ a%than oFmhuReligen 2 and 40
on a, andn I\Ig o %I 20 I\/F%a olr1 be%ﬁv\een 10 and 18
[0094l/Pa Alltfn'nankyt Id@rse@mtwdn vesse] ntalydod—tsi&ra:tpé oatretheatrit@al pressure of the
ressure abo ef erab ve 150 MPa

monofieE PEABICPRRIE DO R e GUP I PRGN AR (hgigy  This is an

econo‘ﬁﬁ&éﬂ% preREcBMESKM B (R PRSP ist8HeprbiiR c8 ORBY Atdvamped high-pressure
ol yner and unreacted nmohonmer, co-nononers, |i nert S,

polyethwl@@e &HREE plast.o Jhaaccyshidvesperation ivkeschexarhead is epelehend dewaxed
et grat rel t he separation vessel will be
befordtng Afng? TRGE SRR e e BRI ARl VST el 11 zat i on
[0095) eNPEHeapolythet OFord hﬁisese%@raﬂﬁn i \fesﬁem emPp ltyde ko pthﬁdlgﬁt anfd@fer pressure
no crystallization point) but the pressure my

reductien §igp i@ lomi picesare priertor. Thee frnpssiive ofdais Yﬂﬁw VBB be maintained
abovehfhgqbgqu elttliﬂ otnﬁ so AP IR a%oégrﬁér r%llsev&r pé’alnel%?ged as a liquid

ens agal nst st | ng wat er
directlyi tqmmﬂextﬁxdyx: beststi¢ ﬁaxmc aﬂ’hetmesrsuMnrthxsyxcebm wilh behept low by using a

reactor with a lig punpi ng system i nstead of the
COMPYLSRE L0 Fﬁéﬁiﬁf‘rré%%%rgacﬁ PRIACTP LC ?/904 SRIdRYACE AR RIHTRISE Sy
| ower pressure in this separator will reduce the

nmononer concentration in the liquid polyner phase
POLY/ME&REEONERééuI t in a nmuch | ower polynerization rate.
h| neriz nrate.in so odj ment s be. .
[0096 OPJ NmF]brlglb é)g%‘steem@%lbg sgggag?ﬁ?(%oph% ﬁi)u%{aca @%olgtehzatlon system,
WthlﬁﬁEﬁ'CM%mp&ies&r}n@fe fldsh!e§dels, of lovd pedb@t % ar!ftbfs' (EJPSD Sin series, each
required (e.g., to prevent reactions in t
operaping gisu s@cwwbl ower peassye.ovndsthe devalatizagen ﬁmﬁﬂ@ntmﬁy include as a final
any nt| catalyst p n [
step & %ecq]%al ‘&4 Eprop: opy e(?]re&illerc evr?ti)a){n% CPGV %e%lrlﬁhe tlb e uvédéwh may be
obtauﬁlﬁ froetIde IS sae bextt Shafotdy I\Rﬁﬂhv eagiling. Wll"hch law pressure separator
al um num al ky|
vessel(s) may operate a¥11abatlcally, or optionally may have internal heaters of the thin film or
falling strand type. This devolatilization is a separation process to separate remaining volatiles

from the final polymer, without resorting to older, inefficient processes such as steam stripping.
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[0094] Alternately, the separation vessel may be
operated over the critical pressure of the nononer or
wWorRws/erssbl end but within the nonomer/ pol yner p@DURINaTE85365
region. This is an economcally preferred nethod if
the polyner is to be produced wth a revanped
The finadtevaiaisny evied &ﬁtrb&érelllﬂ'( lﬂﬂﬂf)et@} ank .opthee nedyrad &itbng vacuum,
separ.ation vessel overhead cool ed, and dewaxed
and H@é@@?l@naébf. H§ Srra%pm%%?nwu% as gva@f PHAitPEeR, H%Vf\@%lt% fefiicg the volatiles
tetO8FPHh [ 098 £t % LYl e SRRPEAIIA ing st
con evesseg%ng;metrhg(g %]ode;uar olu&}i angt% Qp%rlgssﬁr er gg‘tdc pclar% step and is
then temefpricd oa f(brtﬁartberq:ssqmang,espdr ad alletiZdtentaedpeckaginge of
this vessel will be maintai ned above the pol yner
melting point so that the polyner fromthis vessel can
EFFICENEANGS EEONOMIAAYI RIRCY CY EIOF MIOROMINSICPr PIRASEI C
m xer. The pressure in this vessel will be kept |ow by
[0097Uisi Ny racfenapembsdiments of dewineentidne thermernmpesdiameseisgecycled to the
po RS P B DA B SR G RSt cnupment
and a(ﬂdor el yidt orduptiod oF eipatlitics 2a¢lbdifg SHeatiRMmdid ¢hcam, hot oil,
contain one or nore flash vessels, or |ow pressure
electrg:gﬁ,agtgt)oq{@ qqghgg mgdia eqoligs watele Wr@ﬁegﬁhlnggauatet@) In embodiments
r
wherestﬂg ‘fe%nqser%ﬁieyofltﬁé/\%enﬁ{sl&gﬁﬁ @aaﬁg&dtg% Iﬁgu(%g%lg}i g%ﬂlagcfgnogl%ssel (such as an
HPS) es<h1rghdetharo theqioyaneriiavioh aystah Migeddemipeaurs, Lschlea;@ohng_bﬁt'ﬁe monomer-

. TB, whj ch nay be_obt ai from LI ST USA I nc.
rich p@mwﬁf %%reqrw@ hl W&Vaﬂatd wHisE of giicppeles a%a@gﬁa%ﬁ gpt required to
e | t I
ma1nt¥1§\sl‘a§el %&n)tﬁérgl%y Caﬁe gﬁtaé %&?fv? ah tﬁéﬂhé)l%me%g%@f ég?tréﬁl tlYenWhng of the
monosier-anbl réogypke. stifhmstockbe @bb}trmdrlzzmn Systans f@dstemamaturo may be all that is

rocess t arate remai ni ng vol atiles fromthe .final
requirgd” (8¢ mbogBeRt 9felby BiPfig b VB G8Ping fiss FORPRRETich Tecycle stream
to -4(PoAYESTEDr SHG Noas0 STEBFMOSJ i9PICGDr Te té 19184C, or 50 to 90 °C. Where
devol ati zi ng devi ce (extruder, LI'ST DIB, etc.) may
removgih edfatatainele Pokr seandigingts Uiy nfeqaived rmyrl@pttf!lb nail |oponaical catalyst
produFté\&{t}g 0] tﬁgg Igzrex}ne%lt%atso%csyét%m[ \g?etn c{rymg hor\ue} %e[os caﬁt be %1%51 b% used and the
monofRYOlcRticéRde stld€mPHRAGUGE £XdobRdt fﬁ)etlfel f[t&llerdﬁf/ Qh@tpolyﬂikglzatlon feed
step and is then transferred_on for further i )
tempartyieears thegtempaaiirg svhsss 1tha dosigcapinhanen gecREgl e‘n\e,apamty for removing

et g D P R A TREn P gt NE G ok, gt dving i

requindd,n@nesmbdditnephasdvescaodiay ah@dlohOmbhﬁchDoécynbrsltmarhl tonr40 to 80 °C,
systemw th mni mal progessing to avoid costly

or -2 1ige&d Ren®r Pnict dly G- eduip té AR peqdingcfing pegngmer-rich reeyclc

streanf, olra%ugp%@%w‘ m%fb%hfai/ v&&%ﬂt cﬂdlﬁﬁet‘ @k%kéill@“lﬁ] ghd ﬁﬁ)tnbﬂlgr rich stream may

medi a am hot oil ricit etc and cool 1 ng
precipgthi & s@bd&)lwlngh wadyeontiopalilnbe r@mvledmkyoaglu filtetsc" Knock-out™ pots, etc. or
nent s ere.the te ture of noms-rich .
et ing RGO eHR PRTH0S PRl HIOGE A By oG baOdRe etur 4 Concenraiion
of the@Bw HRSR cull & Wi o Ly Frachién ﬁpdhy BRjdué@t i on system feed

tenperature, sone cooling of the nononerrich phase
will be required. If renoval of water or other polar

HJR? is not required to maintain an econom cal
HEAT;Q?EE pEr)Z\Iduct ivity in the polynerization system

[00981 heﬂnC@ﬂiddﬂgetﬁﬁ of lilec invention where heating of the polymerization medium and
cooling of the monomer-rich recycle stream are both required, it is often advantageous to install a
heat integrating exchanger, which will be defined as any device that exchanges heat between the

monomer-rich phase leaving the fluid-liquid separator and the polymerization medium upstream
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nmononer -rich recycle streamto the polynerization
system feed tenperature may be all that is required.
war@sendsedi nent of this type involves cooling PE&EUS2007/085365
nmononer-rich recycle streamto -40 to 100 0C, or -20
to 90 0C, or O to 90 OC, or 20 to 90 OC, or 50 to 90
of theQfCessWearedudiegrassdade. oThinakettange ond:aarsirmﬂfah&liIiSI}HMass ths polymerization
required to maintain an econom cal_ catal

mediygp aa@ €opkyiths MOROMRETIR rSeyEle $i8pme nlns%'?‘ej}\/ﬁ“e@tﬁ avfegg hingxchange of

heat 1?21%512 eéfst ?6; gag%re] %?I@ggfg%tgﬁ%gru{rg&?# H?séﬁ @Qﬂ?éraﬁlfé:gld/or to cool

the mpobdmereri¢ly adciycln stread tb atspdrsatd It@np)arattlfee Silmﬂqﬂeemalulue(atlng and cooling
wher e &Rhe desi ccant has n ac aqH% aci t o[l I h

SySterpy 1 Bg Fapaye HH/%’:“J%}C et ‘?5 br”P E@En gg.enanger. I suc

embo§igtcatsy PreRRES Mating hibdlifsy ﬂfésﬁ‘ol Qfl,@atféﬁsme&lﬁﬁlt nf&'h)ﬂen ®ut are not
is required, one enbodi ment involves cooling t

restrigteshiomsteamn; bat aleyyiches, sitd @ecmlc beatdsysign80 Pocterred sup@@m@tal cooling

medief Qe NS fotiGerae effant el it aghEtiRRl Afksh Biter cooling

systerg is@lb tvaR® ydTRig sY5emedir-tdbl§ex HBRIRAE knd tHehikgt r eam may
precipitate as soI i ds, which nay optionally be renoved

through filters, "knock- out " pots, etc. or left in the

APPL??}H‘R? yq‘%?gﬁg@ggﬁ (’%@gﬁli) KOG lgyEgHir ement s and

Ion of the 1Tow nol ecul ar
[0099‘}\EI dit atmtﬂey rmﬂibofd[rﬁﬁttl (Efnthie nint&reiopr d(él.lpcblynidﬁéélflon system (such as that

EGRATI 0 odi nment s th venti on
descrl@fa W% %i% Diih ep%ﬁ Ref .pﬁe&wre?z e W PoEE Presagye, with the
two pﬁgset(lﬂﬁl(m? n&"; 0l&ﬁl@ﬁzaﬁi%ﬁ%ﬁé(ﬁurﬁttfa%%fﬂr%%hggﬁﬁ td §%9d\’iﬁ€1t'rlc separation

is oft vant ageous to Insta eat” i nt atin
Vesse]emphamvgbrr by whiyadf a/vpfdsstmmgdteﬂumegi daﬂcarwhed@meqefewueﬁ may be further

exchanges heat between the mer-rich. e | eavi n
lowergih (T Lo THICE PLBs B O TE BT JifB A3 SqTger-Heh phases. In
this cABHHHPENHARS HRATREL- %15'1? FE&S%S@ B cl%@@&ﬂie"‘@alﬁﬁé’ﬂli‘a‘ﬁon -E%t&n in the same
exchange of heat sinultaneously heats th

manngyohsy deﬁcrlbad ifor a nedy enization cﬁ@@ﬂesl opreatingn @hme thiccloud point pressure.

Other agg%/c s of t°ht e%ﬁltcllng%tﬁlotnomrcg%é 1g" 1110 d&g fig/cnoen?ploglg(:hanl%plemental cooling

of thmebmsfﬁemlchtlec@tﬁelsfreﬂnt gopehat dfyen@d/ the rhéndd@lrichhcycle stream,
nmononer-rich recycle streamto its desired

remowaérﬁéelpaft modecula ptighte Aelamen dbati pgciaiict diom e W@%—rlch recycle
s B8 ERURSUS SR ) ) A4 B LABDERh i ogipen

heatl ng nedia for the polynerization medl um i ncl ude,

HYD%&@%}%@%\AWH r@ 1}./3[2351\18 st ea &r}:;)(ﬁ%é S sterrs and

[0100§ 00! Mgﬂy nBei @cf @htal f“ fAQ{{E ruséfu? hh&emy Q&S tdseafdse  disclosed in

i ncl ude, but are not stricted to, fresh water
WO2MZ6@@1)3133161©% ,SHlskiIatmmmtseof by)dﬂogﬂg as psbymeduct of the polyrnerization

reacthé&&g@bl&Chaﬁ%?ﬁy and t he F%gggﬁpp?ﬁ'y%% on process described

hereirE MPREY, M BIbOAInicAR dfMKE gbbly%brlzﬁ CYIYBN hE& kL ORy ¥ E&neRnot totally
(such as that describe WO2004/ 026921) is operated

consuatedampﬂ@s polygetedtionw proscss| dhate puillnbe rﬂﬂ@sﬂs ameuntw afhhydiegen in the

polyn%erlzat[?on %}eedl( fl’Ill ualmc(ji | Iogtu P )[hlg) % Xl%%refl Zvé‘ltllI AL n L Y% monomer-rich phase
ranspor direc aviemetri c separati on

leaving the fluid-liquid phase separatlon Vessel (such as an HPS). In one embodiment, this
amount of hydrogen in the monomer-rich recycle stream is less than the amount of hydrogen
added to the combined feed stream to the polymerization process, and in this embodiment, the

fresh makeup of hydrogen to the polymerization process feed can be reduced to compensate for
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vessel, optionally by way of a pressuring reducing
devi ce where the pressure may be further lowered if
wale@sna@se o enhance phase separation of the  PCT/US2007/085365
pol ymer-rich and nmononer-rich phases. In this
enbodi nent, the nononer-rich phase is recycled to the
this rqags)blyﬁnh;zdrz;gén @nd $iy ftueidripodebéng afrthc Madto@ier-aivh deseld fiedm to remove
hydrog@q mare%?llg%gﬁ ﬁ]lé Za?lt@ilh%g lersn 3% egtepm gp ; %{mlfnpgl%‘b gg S@%pfggne 1nC Ithoeur(rjlonornelr-lrlch
recycle Mg 1§’ rea eP?ﬂa‘ﬁdthQ 90t§lpelrﬁkﬁg@5f Hﬁ&rgg@p&ésﬁb@ﬂl the combined feed stream
suppl e cool 1 ng of the nonome recycle
to thespbbmaﬁnzad(ﬂspmcaiﬂl aIIdlrlSl tng exmbodilmentyen edditiondl clzameny stee may be added
ream .renpv | ow nol ecul ar wei ght pol.yner, that
to thE PEEERY 31, B8V ieihen EOHOMGERD FPEN. r Jdy PAGLpFdaiguiment step may
compA¥dLABRMdt %@H&Ed t@@%(%@@&ahﬁdﬁipl& bthbd ﬂgshn%éséi SPaclBnation towers, or
enployed in this enb nment REMOVAL FROM
hydrogNOhERe®. CHeREGQYICLE r§TREAM [h@(_i@)@]:n my)be@pphﬁbto the entire monomer-

St systens usef rej such _as th

rich r?ﬁ%@ﬁ I OR B ‘g%%%% ‘@fdé AU LS gyt to only a
portioRy 6t Digedireas of thyRoASHELrid ret e fedayrer i zat i on

reaction. Additionally, hydrogen nmay be a reactor feed

for the polynerization process described herein. Thus,
Catal\v§t sl ments of the polymerization process where the

is not totally consuned in the polynerization

[0101pr oCH&Sysctdfahe prdckdschdissliordd havimunisces thdndn@gencdndentration in the

. . the polynerization nediu and nost of this hydroge

hquldmﬁymﬁreﬁﬁ} ﬁili‘%? EREVEDH 6hﬁ‘renp01ryrr@ﬁ%t%eeﬂe§m%@y1@,rﬂ@gtum results in a
f S

much IbWEE B UL RDRR6H BRPR! BOb A YER Hhuest SUER BTN ratc may be

low enougner epdrath thrscsysﬂem withegmddsg &sstatylstpoistre oartkillat”. off no killing

r o dded t t conbi ned feed strean1t t e . .
compyycy s 1B Ghense el R Heb RS RenpgHeR: Ty gutalyst killr i
requnfeﬂ afbh PRKRIH rﬁﬁst IF))é ARG rdrfovienBy POLMARI daZelfst PHisOROGEA $he recycled

ed can be reduced to conpensatée forthis Tecycled
monowdrlglg etrearar(a gnbyfthe ke of pipm@@glé ibads of by ﬁeavengmg with an aluminum
alkyl) KonFar &peﬁl s([j%l%o%/a% é)vfatesirt rlg%‘n neohr tso 1{1r10H1\ef§alch s?eqa??n[e may be employed as
the kth@ﬁ%ﬁtﬂ The thgcamioq®Rntity shkillggy et Sl @gytnt Dndhe dé@iirements for

than the total anount of hydrogen desired in the
clean gp g theaecsctarropy eehnd @maemssi apill ssahe prodyeigweratics, if the killing
enbodi nent, an additional treatnent step
agmn%g§k%£w%%&§§'to the process for recycling the
nmononer -ri ch phase. This additional treatnent step nay

.conprise, but js not restricted to, single or nultiple
QQQ¥§ﬁ§§3;ﬂ¥¥ﬁ¥h—9§%g£#¥¥ fractionation towers, or
[0102Fydrﬁ8§§1@ﬁé R RBEe IhBREIRNY af Qo fe@@@\b?l uﬂ%y%ﬁ’l?ﬁl@lggﬁde at 99.5%

may be applied to the entiré nononerrich
and c¢rmigalngrady ati sboin@3 &ng®s. Weraboichef iy wgkset tiemisvell of purge required

i I t I t
rom o G TE AP whyoch B At p Bt heafys ki Timg

[0101] The use of the processes dlsclosed herein
reduces the nmononer concentration in the liquid

Eghmmﬂﬂﬁﬁﬂﬂsﬁich phase relative to the polynerization
IHD ich, In N
1010300 C IR PYNGFPS b Pakiaend RGBTy PR et oy have any

struct@P@b Mffﬁﬁdlﬁ@tblm‘k, radeer, I’Eﬁ&lab&star branched, and combinations of these. Some
invention embodiments separate and recover polypropylene and copolymers of polypropylene

with a unique microstructure. The process of the invention can be used to produce novel
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| ow enough to operate this system w thout adding a
catal yst poison or "killer". If no killing conpounds
wae@sadded then the killer renoval step can bePCT/US2007/085365
elimnated. If a catalyst killer is required, then
provi sion nust be nade to renove any potentia
1sotacQaTaﬁdi yﬁtdm@étﬁﬂmﬁyﬂlémmﬂmltfoﬁ@ y ol ettlcin@nbadmetits Cthe $iviea@ddn processes
y the use of deS|ccant beds or by scavengi ng
may hﬁn“tsﬁd mrﬁiiltﬂﬁcﬁ}(ﬁtﬁ Hngmalymes. ol ar speci es such as
t I d u
O < R e e ARy B ey polvmers.
typicably piopylemy palyewrts, VwﬂtH a dﬂqziamgi pomt toli 7 Or eq LS &iveantdsorf pweight-average

e G 03R, B2 VLG, N RS TRRE S B 2500

250,00@%r 138W0u @b 850,000 y/mothoi ce Of Propyl ene Feed Purlty
0102] Propyl ene is avail able conmercially at two

[0105] ev eﬁ‘bosneof%mqulmeytsmﬂ t&lnenvgmad@emra@ga@%ea@@rqi@éym@alwith a heat of

. gr t 9 95% . T C .
fusiorf (5 of o R, 2220 R B0 7 A o GNP BRmP. S Plpcess of is
1nvenﬁ!(\(1? 5116‘1’(!5' po1V@BrsHavidpea NERGS kﬁfo !on?fd J/BI PRE}EL1y B0l NEI0 J/g, and more

Products [0103] The pol yners separated and tecovered
preferplyi Hve dob dig. processes may have any structures
radi a anc

I.udi o]
(01067 e SR e Bl BRLR nPhBl and AP b3 have a mels

wscoﬁ@&ﬁrlagsethalmdo 096 @¥&tiposek VPN 8P Y @B éncalétcg @RQl BrovkSiclf viscometer, or
L%@ropylene with a unique mcrostructure. The
betwesn 9stoo0QthePs Agie sene renzhpdimpenty Seught ¢ prckdeide and adhesives) and
t [ r conpositions.
prefer I el 3D G 6030 B KBS B RAUAT  cocee mmy b
[0107ys edThiginvemibicfrtaenistaddsltd:ne poI ynmers. [0104] Sone
enbodi nents of the disc¢losed rocesses s?parate and
r ECHFPETSS eyl %“Z“@%/ﬁblie 8 W%F%‘BW ‘FSymers, with a
tin
e ecuran e ond e pRugaielsy B35l fulfgiofseftRt 3B merizaton
1 s 6N 06l6fin _‘nrﬁqn@ﬁﬁrst h)avﬁlﬁg)tlﬁé}ﬂor ﬂlﬁreOéHﬁmeatﬁﬁﬂ Iﬁé}@nt ar30 weight % or
35, 00 o, 150, 000 enbodi nent s of
© RO RS o g a\aﬂ?%hqtéf SHPRIbYS AN SPPRRYECRY §iHiorge the reactor [or
h@ﬁémﬁ’t“lveﬁ&l 8l 20wt Dbfor nffre $a3@ uwhof th@wéghd 6ﬂthe%ol3%né1@zatlon system]),
. I'n anot her enbodi nent, the process of th
i rw@nﬂ) ol §ti rpugapatytsy peEmBourdsi Hepna omfor@actwptom 31 figm 0 to 50 mole

Ji ref er /g nor e refer

¢ o Bt Pistesdy o 2R vl o RS ATRGR ¢ FhEIFS pdpromers and
SepabAsacts afdrih g aRvei’sh) Dar #icthaliave a80 HE50 WS , Basddiupon the weight
of | ess than 10,000 centi poises at 180 0C as measur ed

onf dhapebywtariarion, peconbtasd, 4P Befhedlt (mobrabdy Jo6025 wt%, more
BRI PTEIERBRSNISL B (Y60, GAR3BR P Mg potmeriaion

f oysta@hfeit appijccaticostHve [tﬁd @rystaltizasioh neepthatine fofirthdr@olymerization

rel ates to:
system and a pressure no lower than 10 MPa (preferably no lower than 1 MPa) below the

cloud point pressure of the polymerization system and preferably less than 200 MPa
where the polymerization system comprises the monomers, any comonomer present, any
scavenger, any diluent or solvent present and the polymer product;

(b) forming a reactor effluent comprising a polymer-monomer mixture;

(©) optionally heating the polymer-monomer mixture of (b) after it exits the reactor
and before or after the pressure is reduced in step (e);

(d) collecting the polymer-monomer mixture of (b) in a separation vessel;
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1. A process for polynerizing olefins, conprising the

steps of: (a) contacting in one or nore reactors, in a
waelenws®7dsBui d honpbgeneous pol yneri zati on syst enPCDUSL00TI085365

nononers having three or nore carbon atons present at

30 weight % or nore (based upon the weight of the

mg@orrerraiuam@ thormearr of tvtreadtageffhient eanpriving dfe polymer-monomer

alterna%% at 40 wt, % or nore b%Hed upon t he wei ght

t

ofNikHEe b}&e@wﬁlﬁlcmds%mmwrw mf)twarfél%er mh’ﬁP@ comprising a
C o , I a3 r

G B REE kIR 18 o Do o TRhRp il FeRi® or ey AMecting the
( palyedtr-upoenteh enigmuinttho$ephtadonvossoewkera tie prmnmnelnesreactor (or at

tering the reacto or.aJter ativel
BB GBI ARE B e Botwesh 2 4pd aho MPa Hgher than ihe
Syedstk in %@e@ra@oﬂ @esﬂ& anll td t@ﬁ?@ﬁﬁﬁf@ iy tHe sEﬁ’ar&@oMe{%el is above the
nore preferab 0O to 10 wt% diluent or solvent (based
uptyrstadlrzetlweltgmpe@fur@ he Pl pnbzmez att ehowy 80U if the polymer has no
| e abov t he, c stalllﬁatlon t enperature of
tﬁgpg% ? FIReT HWSVQFQ (Eﬁﬁl (gressure no | ower than

10nHMPa séﬂhﬁﬂfr@ﬁﬁ@h%n@tﬁeﬂ Avephdsb admlthdBalynkereWphhe; and

cl oud p0|nt pressure of the pol ynerization system and
PR er &svglingds senpszicdmOnMEr-ligteplease HeosoryReersastqrpaf (a); and
te nomer present,

aﬁ@ sggggggééﬁﬁﬁwkgghﬁgeﬁg&ﬁ]ngoﬁ @ﬂgresent and the
2. pahy pesceqy efthacdgrarhp), floher cogpaisingakd Stbp ef htati@gtthe polyrner -monomer

conprising a paly r m xture; tiona
mlxmppeg@pqhﬁ)gtl@%gpﬁrg‘[@%':ss% rabky g meé(e%tf Crélﬁjll 1§?tt0é1r 0% the polymer-rich
phase?)ék E%eét:ijr{getﬂ'egt?&%ﬁ r ﬁf‘gn ?ﬁfs?ﬂ'eehéeégl? fl&@ﬂ' ﬂhnﬁy REFRIWGCH! e separation
vesselp(q»kqfﬁabl-yrm mmvent qrystalhzaetlomfof @lm polynmar-setpﬂraat) on vessel ;
3 ( r educi he p 2uﬁﬁr eactor effl uent lected i
- rPPEaigF?é’ ec PO y e L HGHe erﬂo én%‘?or?%)m‘éé‘}r&ﬂ’ ected mn step
(d) 1st beforé QbhcRY tHe PSR 4 PrdsQUrt ol ¥anPRRvE Pait ﬁfe@sure and at a

conpr|3|na@a pol yner-rich phase and a nmonomer-ric
tempapdtarseabev e tercrised] bragion rterapetr@tnrecqflthemlmgr tregomer mixture.

ner i xtune arat.i o sse

4 RO RDPE FFelhl v 25 o B EBRD RS bt 57 BE e votasie
from fht poBm&rirtarphage is in use) |s betmeen 7 and 100 MPa

hh%her than the pressure in the separation vessel and
5 ¢ PEISET Aftngragrank L. ﬁe3§é6aﬁﬁﬂlﬁb9\0m@§%@ the stepisd veedingethe polymer-
: above
rich pEFSE3D eblifEl UK RIBRL R L B RO I, A Mt !

6. t @hpgratass ef pmt‘agrd@uér whSreIm gllmecoulﬂéd dsaplaﬂl&ter @etated under a low
r-rich phase from ymer-rich phase; and

nmono th
Vacu%ﬁna.ggeg/&e.mbvmwl ioefgﬂ Eﬁ% tsrdevpfligiase to one
7. OMhEYrbcds§ ¢ Jﬁfa%rﬁ §59r 6, @Qgeréllﬁ) thE CLAVRH! RGoRALYIRE a devolatizing

fromthe pol ch phase . The process of
exnu¢mragraph 1, further conpr|S|ng the step of heating

mer- mononer. i xture within the, se
VABE BT ETEPBIT) b or byt Vb YRS 15 PR YD s conducted
belowpt‘ﬁle XePRId-goli@dbf the polymerization system and above the crystallization temperature of
the polymer-rich phase of (f).

9. The process of paragraph 8, wherein the separation vessel is a gravimetric separation
vessel.
10. The process of any of paragraphs 1 to 9, further comprising the step of removing low-

molecular weight polymer (e.g. a weight average molecular weight (Mw) of less than 10,000
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phase) or heating the polynmer in an outside heating
| oop fluidly connected to the separation vesse
w@ proshessabl y to prevent crystallization of thePCT/US2007/085365

pol ynmer-rich phase). 3. The paragraph of claim1l or 2,

wherei n the pol ymer-nononer m xture collected in step
g/mol( @yeferablyblefothanr H00ct/n Lt frefeptbes $¢s8 eharatl 060 RfreSl3 drodn the separated

above tEe cloud poi nt pressure and at a tenperature
monogsEVigh phwse Epqys eéunﬁtfat(g on tenperature of the

p t T
O e e T ing M SR Eup! WBBERRr is removed
tmbugnﬂmu$éeﬁmﬂﬂmnmmﬂﬁmpbbynmn ri ch phase. 5. The process

rther ri.si t he ste

O;”*F Z’ré% ??g&{laﬁl 0,5 QFV&@PL? &ﬁO éﬁ,a\gléeriblg%gnglgﬁm omers are p?esent in the

polynfia@ﬂi%&i dykicARdt ShQvaeRaL 8k AoV ??éfbﬂa@@ T, bhgioRo! yner .
. The process of paragraph wherei n the coupl ed

13. déf\helpawelss penppématgsphndeto K. |wiereiadhe rpr@ambquﬁge tplkymerization

systor TP ol PR B8O gy O, 1B, AP Rl g 15 ana 140

MPa, @eif@hBlyitetv®n lisand 508l ati zi ng extruder. 8. The
process of Fara graph 1, 2, 3, 4, 5 6, or 7 wherein

14. ¢ Fféle g)éwusfa@ any of @gragfaphw "@o]ri%l u’é‘te&ln [t VoK UIE| 16 hgtween 60 and
180°C§$}¥/@§% oy & ;g%dpl‘r%b%’é‘%er AIPES g%\%fe??oﬁy rBetRxJ%&l 100 and 180°C.

15.  ofTh¢fpyoce of B of pmg&ph@f tcpl%lf axgre&pﬂn tHe, mwhﬁm@m:htﬁhese comprises less

eparati on vess ravi netric separation vesse
tmmiéem*#ﬁ@“%? ﬁﬁFaéﬁ§¥%>mﬂﬁmﬁbraphs 1to9, further

16.  CHRRHrctcRbof 4 oﬁ’{@fﬁ?{hﬁquﬂsngzh&%mk%ﬂﬁf YRhPhse has a densit
poly?ere%%?g.?a i§ ? aver age nol ecul ar ﬁeﬁé % o s & Gensity
ofdmmﬂOBeeabmndni@@nﬂﬁﬁb/nDI preferably | ess than 5000
pr ef rabl | ess fromth

17. 8.;)5%0856 arlagl‘(e’lnh%ﬂggg} %@@9%1 gg:l ;?orl.yrg?rerbch(;g}ase _hLa}ts a density of

abmnﬁngng%g@g§$ ghmmﬁLagraph 10, wherein the | ow nol ecul ar
I ght polyner i s renpved through the use of at |east

18. orTéle ﬂ@mewqunypémaramph%éo p7.otksseingh signyelothe pressure is dropped at a
rate 0@ { ‘?& Ollilt ?hl{/@a%Fc rpe%lt%raglx %tnfg%%;[g,’-lt g/fgaé elo slgr% erab% a{ f;a%t 4 MPa/sec,
prefexﬁslryea 1e|astes‘ Ielrpaksleypl%&rmw’moreamrMPa@& & a Iy Q€ &a& 70MPa/sec.

an of para raphs 1to 12, wherein t E ressure of the o

mmqe&sat sy of paragraphs 1jted$, Wh%rﬁma%m@) w@npged in a single liquid
epreferably | ess than 100 MPa, preferably between 15

nd 140 MPa, preferably between 15 and 50MPa.. 14. The

20. pﬂ"(hG psEcaf ofgrayagodphpHY, adicagi sheltemperhByre md[tbplessmret bthe polymerization

enperature i s betwee 0 and 1800C,. .preferably 85 and
Syste%t?o@k? aeYaélﬂeafthoye& fﬁﬂg rSqlag plesse Frptidom SMperly s Pasge

21. aqﬂe \khmg% oflah ea_%ang%ergﬁﬁrﬁtcpﬁi% abierbh sﬁ%{ @y ﬁsa@(ﬁﬁiugte&‘?n a two phase

erein t i ch phase co i Ses | ess
fluid- ﬂuld system.

phas

22. The process of paragraph 21, wherein the temperature of the polymerization system is
held at a value below the cloud point temperature and above the fluid-solid phase transition
temperature of the polymerization system.

23. The process of any of paragraphs 1-22, wherein solvent and or diluent is present in the
polymerization system at less than 10 wt %, preferably less than 1 wt%.

24. The process of any of paragraphs 1 to 23, wherein the olefin monomer having three or

more carbon atoms comprises propylene.
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t han about 0.1wt % | ow nol ecul ar wei ght pol yner. 16.
The process of any of paragraphs 1 to 15, wherein the
wWOoweess8? i ch phase has a density of about 0. 3P€DUSIOT085365
0.4 grans/nL. 17. The process of any of paragraphs 1
to 16, wherein the polyner-rich phase has a density of
25. alibetpréktets dargbefUtardhraptgriamsl4yiwheidn tﬁrdﬁﬁolpmeﬁmﬁ)n(sﬁlstem comprises
of paragraphs 1 to 17, wherein in step (e),

an t he
from ;- $08 & peovy B g afr‘?rﬁtoeto(f‘f5 i Y4 s gomaster ture comprising
at leaP{P &{esgcﬁn?\;%kfefr QERBlY fim !¢ énesb ﬁé Sl‘r:eg(en ro%te%@ aﬁ’é&én@t dodecene, 4-
al sec, pre erab y at al sec’
methyppata@wrabl dicatlopentsticns, MPeoseme, [ﬂ’4e€é®(}§b loyolefins, 6(214}{32000 a,internal-

L M S I R

octenphase. 20. The process of paragraph 19, wherein the
tenperature and pressure of the polynerization system

26. arfbe pedagssaof an neaeagibhsel tohdd, wheiradn ¢l ¢agalpsiaeempound is represented

by thd ¢9n3|t|on tenperature and pressure. 21. The process

of paragraphs 1 to 18, wherein step (a) is

conducted in a two phase fluid-fluid system 22. The
process of paragraph 21, wherein the tenperature of
the pol ymerization®systemis held at a val ue bel ow t he
cl oud point trerperdture _and above the fluid-solid
phase transitio enperature of the bl ynmeri zation
system 23. The ss of any of pdragraphs 1-22,
wher ei n sol vent ang diluent is present in the
pol ymeri zati qr/Systiem ags less thap 10 wt % preferably
| ess than 1 W B4 proces any of paragraphs
1 to 23, wherein r having three or
nore carbon ato ) 'sestroperne 42. The process

pol yneri zati gn syst n1conpr| -100wm %
propyl ene mononer; Rfrom 0 to 45 wt
m xture conprising at |east ofe ¢d
from et hyl ene, butene, hexene, octeéne,
dodecene, 4- nmethyl pentene-1, di<yR opentadlgne
nor bor nene, C4-C2000 a-ol efns, C4-
a, internal diol efins, and C4-C2000 a, | ef s,
preferably one or nore of ethylene, hexene, or
octene. 26. The process of any of gparagraphgtl to 25,
wherein the catal yst conpound is represiented by the
fornula where Mis selected fromtitafium zirconium
where I HR ROl RUER (ean@P oyt LR iogjum. tantatum,
chronh@hnmu%deﬁrmrw tihgafed (pesriblg alrc@iudiahil of Rathivang ar e

sel,ected from hydrogen atons, CI1-Cl10 al kyl groups,
R and R are identical or different and are selected from hydrogen atoms, C;-C alkyl groups,

C,-Cyg alkoxy groups, Cs-Cyg aryl groups, Cs-Cyg aryloxy groups, C,-Cy¢ alkenyl groups, C,-Cyg
alkenyl groups, C7-Cyg arylalkyl groups, C7-Cag alkylaryl groups, Cs-Cag arylalkenyl groups, OH
groups or halogen atoms; or conjugated dienes that are optionally substituted with one or more
hydrocarbyl, tri(hydrocarbyl)silyl groups or hydrocarbyl tri(hydrocarbyl)silylhydrocarbyl groups
(preferably R1 and R2 are an alkyl such as methyl or ethyl or are a halide such as chloride);

R*-R'? are the same or different and are selected from hydrogen atoms, halogen atoms, C;-Cio
halogenated or unhalogenated alkyl groups, Cs-Cio halogenated or unhalogenated aryl groups,
C,-Cyo halogenated or unhalogenated alkenyl groups, C;-Cs halogenated or unhalogenated

arylalkyl groups, C7-C4o halogenated or unhalogenated alkylaryl groups, Cs-Cs halogenated or
-38-
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C -C o al koxy groups, C6-Ci 0 aryl groups, C6-C O
aryl oxy groups, C2-C 0 al kenyl groups, C2-C40 al kenyl
W@e@ap338LCy- C 0 aryl al kyl groups, Cy-C40 al kyl B€WUS2007/085365
groups, Cs-C40 aryl al kenyl groups, OH groups or
hal ogen atons; or conjugated dienes that are
t r

unhal&&hﬁga%%éélgfﬁel 6&p§y§~ﬁ§§r/\"o§iss 0(21;2 g%frl?g{: grr !P)i/{@ 128410 which R'is one
of a halog¢hytdmoe &1y aliyl grouy doroc€s-byd argh gropp; dr t®o or more adjacent radicals

Sﬁreferabl R and R are an al kyl such as nethyl or
R to Hogetlar veitleths atemns gennsgiate hemctaindprma@ne orEnqre Rngy preferably R is

h ar, el

meth hyg}lglggrnggtg@ir%ﬁd %g]ﬁge é %Q(gl aqgr]rg{’ q% 18&# gél%%‘ L, Jrore saturated or
aromamh&igaqgfﬁéteﬂlyakuydndglk]é uwpsbike withGhbahegenaiew fim a substituted or

unhal ogenated aryl groups, C2-C 0 hal ogenated or
unsubgiiyinddgeh@ybarodPkenyl groups, C7- C40 hal ogenat ed or
R ted arylal kyl groups, Cy-C40 hal ogenated or

lsggll%gtjleggg)ﬁgt ed al kyl aryl groups, Cs-C40 hal ogenat ed

orunhal ogen®®d aryl gkergi4 groups, RMR 2, -SR, -OR

, -OSi R 3 or PRradcanan\/mch is one of a

hal ogen at os&? a Cl- GlQ_a 3yl gl‘OU@ %@ aC-GoOaryl

group; or t or nor adJ acent I'@ Rto R

t oget her w thh the atons donnectl ng fhem can form one

or nore rinbE% (pref dRébl R'R3 is netRy$, ethyl or

butyl), and adjacent radicals RL 1 and R12 can form

one or nore saturated or aromatic rings (preferably Rl

1 and R12 conbine with the phenyl ring to forma

substituteqRdr RMsubstituRgd napht hgph4 ngpRMR 13

IS selecteq fro

:- - M3Q|£1-COCM3C-R|015§ éGRIlSR
R15 R16 |:|315 ||q15 R15 R15

-B(R'Y-, -Al(R")-, -Ge-, -Sn-, -O-, -S-, -SO-, -802-, -NR'?-, -CO-, -P(R'")- -P(O)R")-, -
B(NR''R")- and -B[N(SiR""R""R'),]-, R', R and R'® are ecach independently selected from
hydrogen, halogen, C;-Cy alkyl groups, Cs-Cso aryl groups, C;-Cy alkoxy groups, C,-Cyo
alkenyl groups, C7-Cyp arylalkyl groups, Cs-Cyg arylalkenyl groups and C;-Cyg alkylaryl groups,
or R and R", together with the atom(s) connecting them, form a ring; and M is selected from

. . ) 13
carbon, silicon, germanium and tin, or R is represented by the formula:
18

R
17 19
R
AR
~_ NN\ R
M r2
~ A\
R N N\(R2

23
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15 Rl 15 Rl 15 -B(R 14)-, -A (R 14)-, -Ge-, -Sn-,
-0, -S, -SO, -SX2 -, -N(R 14)-, -CO, -P(R 14)-

wWOo B{o®p(drsd4) -, - B(NR 14R15)- and -B[N(Si R PCT/US2007/085365
14R15R16) 2] -, R14 , R15 and R16 are each independently
sel ect ed from hydr ogen, hal ogen, Cl1-C20 al kyl groups,

where@@R&% Rﬁ’ére 9 QPR ed F IQZQn(ka(O Yol GURre %a&pradlcals to R24,
ken | gr oups, C/-C40 arylal Kyl groups, -

1nclu(ﬁ3ﬂg' R aﬁﬂiﬁﬂ)" tdpeePS/itAnde %‘rﬁ‘l&)nﬁb&iﬂ ahyh fgfrﬁ ld)ﬁé or Aiore rings; M is
R14 and R15 , together with the n(s) connect i ngI N
1y

carbon hreligont garmaaiup, ng fin Aprgfenadly & sie |dén@tbﬂl sily ber dpkdse ]

0 rese y. t
T abbeea U P AR 6, B SR TRy e o
alumd‘x@ﬁe(&eﬁfﬁﬁiblﬁ ndthyiRnoKkad)r € add] J aaemicomamaaﬁgs Bnibas R (preferably
20212|nclud|na?ﬁ1RandR glether with the atons
Y

mmet@kﬁlﬁﬂ’é‘éqquﬁﬁ t hem f&F %P\f‘élt%}uoﬁ%hén Pt??é%te Mis cifbghnethylanilinium
tetrakrcslh%e'nramor eg;/b:ég%tf ﬂh' %@%ﬁ%ﬁ%ﬁg&ge @ﬁdégﬁén@g&me or N,N-
dimetb;alamgnmph&:trﬁ(peﬁl%opﬂeeyl&bmamhe activator is sel ected

malum) ne( r ef er abl Ialum)
naRe et ARG 1 b o7 T aBii) ToieE Al Sronsagystkiller are
remoxINe%t Rkl Stﬁ@er%ﬁfﬂo%?-@féﬁeﬁﬂa{s} ber&t € bem recycled to the one or more

N-di met hyl ani i ni umtetraki s(pentaf | uor ophenyl)
pOlyH@@lzatnCel reggtpphenyl car beni um

¢ abF 2GS el ahSEHeRy 47kt Acie) 2 WBRETE MopBileigh Phase and the

polynfk‘ﬂ-)flcﬁfph@s%r(ﬁﬂ‘éralﬁrdi%néltyt@ A Teadh@P @/ALhydr ogen and excess
cat al yst Kki I | er are renoved fromthe nonononer-rich

30.  pAAserqserorl any Adlampranbsyicioed vhcrelhe pelysicriggfian system is a single-
n reactor. 29. The process of any of
phase%ﬁ#&&?%%ﬁﬁufioto 28 wherein the nononer-rich phase and
31. t |T<he qmbqeme of ahye bf plragephl i fter30i whﬁemsuht: Yediyenat tingasit the separation
30. The process aragraphs 1to 29

Vessemﬁérpa} hnilwge M@Wéwt%tﬂreéﬁa@y?f% i %\Hglinﬁaa ephase
[0108FUPCA K rd'offzI rﬁéﬂt% fgb%(ll‘)lg V\?] $drein B 1H5&g§1isc%dog ARYrefde here1|;]1 including any

par agr aphs 1 erein th ence tinme in
prioritsyenpmumbhts rny/es gsling protedmesitorthaettentithcy3de mnmtesjstent with this text.
nut es.

re from1l to 15 108
Asis e i e rorkoink St AR Bamgy s et AR HEpglty, while forms
of thel 164 b My @BYerPil luQEdtd Y artPGLBBIS vaRsl{sahodiBsdtiond can be made without
procedures to the extent they are not inconsi st ent
departang Kfrotthths spaitt 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.
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As is apparent fromthe foregoi ng general description
and the specific enbodi nents, while fornms of the

WO peosftisen have been illustrated and descri bedPCT/HRI00U685365

nodi fi cati ons can be nmade w t hout departing fromthe
spirit and scope of the invention. Accordingly, it is

CLAIMS: i ntended that the invention be |limted thereby.

Li kewi se, the term "conprising" is considered

Whmg?ﬁ@ﬂ?ﬁﬁ&% with the term"including" for purposes of

2.

Australian |l aw. CLAIMS: What Is Clained Is: 1. A
process for polynerizing olefins, conprising the steps
ofA prpegss carfohphéenmgng olefing compreing theegis@fs, in a dense
fl uid honbgeneous pol ynerizatiaon syste | efi
a;}orrerc%n H‘g\ﬂgnla PHOE éIYQSF r??ﬁfoés dléf‘ﬁ%ﬁseaﬂ]ﬁ‘l‘?gmﬁ}oe%&’é‘?ﬂ“s Rplymerization
3Qy 0&h IhE fitnnoREEhRBS Bllc UBOMotNE W& %hlsquesteﬁﬁaﬁt 301§velght % or

nohoners and conpnoners enterlng t he reactor Wt
om@rorbasod eponitthd yight efpbeimtmoneys ek comompnas entering the reactor,

act.jvators % conmno

oSl T8 St AT P et Sk BERE TRtk 35 #m 0 t0 50 mole
ent ebinBgorh&re(bh&ACKdh) thaAthoftht 6F the dhomMdls dhd Bembnders entering the
sol vent (based upon the wei ght of the pol ynerization

syeacton) andt 4)a O éprpsth aettir éhla@@vér tRbregt ;ibftsam wpoa ithen weight of the
pﬁgg’s ue?ltéyt%ogl ?}ts&éﬁ’é})e & pY ‘yeggjr *\?ég, Vg 3{?%1 %{ps &ﬁon ter%lperature of the
ppelysittieatidn tsiwerpmlnylrm@resaiream Ey)@drethhﬂvherMPlahl&low the cloud point

O| ailon systemco I ses t monongrs, any
(F:) BFF@?}H%@E E? @glé(ﬁ%/erlzgﬁlﬁp &S md@pe t n@plﬂ@p@@q{onosystem comprises the

%o\flgﬁlter§’5 Ethorfmtk: pé%elﬁ’tolnw & f”)g@ld léﬁ%gﬂ&&% of 9(51%19 ﬁbré%ent and the
reactor effluent conprising a pol ynmér noner m xtu
(ppbnmtpnnhbﬂy heati ng the pol ynmer-nononer m xture of
( At exits hre eact or and before or aft?r the

S s u %“P’%g P EEG0ES “ﬁn TEPIEE @ m}ym@omoa%%@l%
p@é)y e bp BRI catth X tH ol Phelt BbndMcPmBERAT G ( ?’thé’teﬁ %%lté the reactor
(e) redu0|n the pressure of the reactor effluent
c@nqlJb¢f9rer1g ﬂqeﬂpmre;smle-lmﬂdumm wiept(ek e of (b) bel ow
t g(ﬁlpr I SI N gC%gg nhel 1530 enslesrgrqlg%otn?% ansllé(mé‘% 8%@ ul?a S%rarﬂon Vﬁssel

phgse eidubip tfhefpﬂésﬁu&r ofaﬂlteafea&@ﬂ ERREhNGorhfiesing the polymer-monomer
pol ymer - mrononer m xture in the separatlon vessel where
t ﬁéX‘iﬂFf‘e@%@ﬁ delopy thyelqudapaingrpresspregde fpen gttwerhapeadttaie comprising a

h?pg e? r{\lﬁﬁl%aggeanhs 'Iﬁoﬁb%e)r-ricﬁe&%s@'eeq{?leg waRde 1920 i%?a%pllectlng the

e pressure 1nt separati on vesse
t belytremmmmtnﬂ euxtnret inehseparagivh etsselesbat thespradsorean tticereactor (or at

cr stallizatio erature of the polyner bove. .
y oBe qeﬁ%torbgn | PPRS %gnfh§ ]@r%i L) quFt)\Z%l%} Z),arnc? 108l MPa higher than the

ngfggﬁlr@tni‘fh%’se ht?(ﬁ?\\/&ﬁel'aﬁd I?ﬁegﬂgﬁﬁaera(lfr% 1@%%&?&{&% $é§§e1 is above the

nomer -rich phase fromthe polyner-rich phase;
crystallization temperature of the polymer or above 80°C if the polyrner has no

crystallization temperature, whichever is higher;

() separating the monomer-rich phase from the polymer-rich phase; and

(2) recycling the separated monomer-rich phase to one or more reactors of (a); and
(h) recovering polymer from the polymer-rich phase.

The process of claim 1, further comprising the step of heating the polymer-monomer

mixture within the separation vessel or heating the polymer in an outside heating loop fluidly

connected to the separation vessel.
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(g) recycling the separated nononer-rich phase to one
or nore reactors of (a); and (h) recovering pol yner
WO c@ni0tdsed pol ymer-ri ch phase. 2. The process oOPCT/US2007/085365
1, further conprising the step of heating the
pol ymer - nrononmer m xture within the separation vessel
3.  offhbe@addesigpftdempdl orite fwhicreidtheqolyghelembigat drngixtuee pollected in step (d)
[ ui dl ted to th ti |.3. Th
is, be Feg%: géng?hnegﬁgqsﬁ%e, ito%pre%uiqenmpar gitll?,pogﬂéf g%}elg,pféﬁspme |at@ temperature
hXEHLRIEibE @@ dtlke LS "Rixhgduci ng the
aboveg?éeqs:%re, éét)% ggs%ﬁ?’eﬁ{a%gg\qj‘/)em% heoﬁ% S&?gt pressure
4. aflle aroast eiplemat Lrk oaBowehth@norissteathk iseptdfeeparating volatiles from
h engrer.%ﬂ%e of the polyner-nmononmer m xture. 4. The
tepoéA”B ed tlaims 1, 2, or 3 further conprising the
5. Stap pRiceSedrall Ak ﬁg2¥?b@4,'ﬂlﬁ§¢rfcbﬂ¥ﬁﬁﬂﬁ§ tROUYITBF febdiP the polymer-rich
phase. 5. The process of clainms 1, 27 3 or 4, further
phase¢omppibhdevoluiligertp soparite erdlatitpstitoen helppiwemerr i ch phase
tg.a coupl ed devalatilizer to arate.volati]les fro
6 ¢ a8 gBRRLFT oY 3 Bhiseh 06 o BpRERR! @i RBialef Ll ow vacuum
cnabliBQuid gelysenatidphdst Zeflashiftoah€devond@izc@ | ow vacuum
enabling the polyner-rich phase to flash_ into the

7. ddhepeacess ofetaimy > orhewheisteths coupled dgvielatibizeyyis g devolatizing extruder.

8. &?% E)ia&ehreg?gf g%gg g’(rjzdgg\sﬁg |52$S,i 1():1{ ’gi%ﬁlseirein Z[’Ibed&%)%agbh é{eﬂgf) is conducted
belowothe Elostdeiogitrof tt]liHapcBl@mafiﬁdtioﬁI’systbm[:anﬁfa)o,o'vs ‘,[IIECtj,’ﬂjzhﬂéitiﬁaion,temperature of

el ow.the clo poi nt of the polynerization system and
the POZ%?F@Q%@%??@ | l'ization tenperature of the

9. \%ﬁg% cebd S RRAS G HRfeid fh)e-seﬁalrat}ghevéggé? &P %gt@i‘m&li@.béﬁaﬁd’tion vessel.

In the separation vessel 1s a gravi ric

10. sdpamatdicsnol essef claifs 1Tthe, gnobes®ngfrisangythofstapl @fi reenoking polymer

.to0 9,. further conpr,i sing,t t of . re j | ymer
having St bigh bkt oo mour sy e e e ket IO AR BR B ahe separated
monobRRARicH Bh8BPcGliMalin kicpipt he separated mononer-rich
phase recycléed in step (gzm 11. The process of claim
a

11, 1@hephesces of ¢ldie | @wiranéi lrw-melaghlar peightrpelyimsr is removed through

reppved. .t hrou the use of at |east one knock-out pot.
the us SPRE B MR Bt o® o e e 1 1o 11 wherein {he

12. omatiprod®NeNehiy ofRis @Sentl, iwhckdig RO bR IMhaRInh@8 are present in the
system at 55 wei ght OOAa or nore. 13. The process of any
polymgrizatiql system 4te5 pighiffe PEMETE he pressure of the
p ' i .em-is 1 . :
13. Tﬁ‘gX g?%égésgéf %15’ q:lfzc;&lg]? IC aIIZEB%f}eFI‘gﬂ]fg%}gé\%}%lgaogﬂlﬁ%ﬁlgngeﬁzatlon system
is lesst tapaoat U4@EMPa. bet ween 60 and 1800C. 15. The process
of .any of clai 1l.to 14 erein the nononer-rich .
14 pHas @r%swfjiag@g? ST NER Biefmlp@?&iuaw&ﬁrwm@@nd 180°C.
15. ‘f’g‘hg odQ! Y8y o Blaintd§ B 10C &dRr & tl?cnﬁﬁoﬁf)m&l-ﬁ&k?gh%sfetc%mprises less

erein the nononer-rich phase has a densi
than about 0.1 wt % low molecular weight polymer.
16. The process of any of claims 1 to 15, wherein the monomer-rich phase has a density of
about 0.3 to about 0.4 grams/mL.
17. The process of any of claims 1 to 16, wherein the polymer-rich phase has a density of
about 0.6 to about 0.7 grams/mL.
18. The process of any of claims 1 to 17, wherein in step (¢), the pressure is dropped at a rate
of at least about 2 MPa/sec.
19.  The process of any of claims 1 to 18, wherein step (a) is conducted in a single liquid

phase.
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about 0.3 to about 0.4 grans/nL. 17. The process of
any of clains 1 to 16, wherein the polyner-rich phase
whawsazesensi ty of about 0.6 to about 0.7 gransPei/USH87/085365
The process of any of clains 1 to 17, wherein in step
(e), the pressure is dropped at a rate of at |east
20. atTchutpraceMDaf stim 19. demnaheaﬁﬁper@ﬁlreawd pfesgllraidfb’thé. pbbymerization
ucted in.a single liq

18, rein step ( s
SYStefB ﬁ%&%@@@t a valee Hoye gb"sﬁ‘&ﬂ ﬂgplh%ss’z gransiien Mpcratee an pressure
r f r
21. ar i E)hfcg a?f agl@\‘joaff&:ijagﬁlg g ot\S/ el%f F]v*g&f% 198%13/ g’ég il 5@*%‘2%3% a%&Bphase fluid-
ﬂukigmansltlon tenperature and pressure. 21. The process

of ¢ ns 18,. wherein st a) is. . :

- ComAREe o ol wiade e fapietied oF by izaciqn systom is held a
a valuRIRERS tellowd M ehpechfE BhdlalRe the PRI rpﬁaé%ftréﬂﬂﬁlon temperature

pol ynmeri zation systemis held at a value below th
Ofﬂwabbwwﬂpﬁhwm$wém®erature and above the fluid- SO|Id

se tranS|t|on er e .of .the

3. EJR MG Rrnd yr SRR TG St "EnER AT ob S argpent in the
polyn&@lzm&rﬁsmﬁl Alledithanermtwi %. present in the

pol yneri zation s sten1at |l ess than 10 vt % 24. The
24, plbe peecct ofay Qffclaimaiinte 23, tvdhepan thghelpBn mangecp havipg three or more

ge or nore carbon atons conprises
cmboHB%ﬂﬁﬁéﬁgﬁ¥§§% #ﬂe process of any of clains 1 to 24,
25. WFI@E: @rm:ew‘l@f gpgl of robaimz atto @A, @h&%ﬁmhe PoPMics@stid 9/tem comprises from
% propyl ene. nononer ; mO to 45 wt % of a

35- logdfr%mpylﬁv@(mﬂnam@b g Wg45af"’tl e 28R GHONOBIEH Y KRFe comprising at
least 31% %8&1%90&1510%19&53’ lfﬁﬁ?'etlﬁ*ﬂ%&n%meﬁ@xﬁ%ne OGLEMNE decene, dodecene, 4-

decene, dodecene, - pent ene-1
meth}dhvémjmiee]pedlby{dormnadlamer hnorhmemwel,e CA-C20/0 oepleffirest rfe4-C2000 a,internal-

dlolefC%v\plbc? gﬂ (?%@rdt §g4,$rg%@b§ng%%%%?g 8{ ﬁ'gl}P’]é’H% butene, hexene, or

octen®Ut ene, hexene or octene 26. The process of any of
clainms 1 to 25, wherein the catal yst conpound is

26. r dpe erasasseaf aby of Blaimpt tul s witsesie the dagalys Cempeundris sepresented by the

ﬁltanlunl zirconi um hafnium vanadi um ni obium
Y%ntal um chromi um nol ybdenum or tungsten; R and R
are identical or different and are selected from

hydr ogen atons, Cl1- 910 al kyl groups, G -G o al koxy
groups, C -Ci O ary® groups, C -G O aryl oxy groups,

C2- C10 al kenykX -C40 al kenyl groups, C7-C40
aryl al kyl group al kyl aryl grbups, Cg-C
Caryl al kenyl gro CH groups or hdl ogen atons; or
conj ugat ed di eneg are optionally substituted with

forrn

one or nore kydroc * g4 1 (hydrgcarbygf)silyl groups
or hydrocar byl RYri otar byl ) siyiythydr ocar byl
gr oups; @ _—
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R3-R12 are the sane or different and are selected from

hydr ogen atons, hal ogen atons, Cl-Cl0 hal ogenated or
wardalooggenat ed al kyl groups, C -G O hal ogenat eBICDUS2007/085365

unhal ogenated aryl groups, C2-Cl0 hal ogenated or

unhal ogenat ed al kenyl groups, C7-C40 hal ogenated or

wherd! f}vblhhs’gs%%%e%d ﬁ%'hi/ltﬁéthﬁlln YiR¥RRim, Cﬂaffﬁ%ﬁl h%ﬂ%@ﬁﬁl@t ﬁﬁi)bﬁfrn tantalum,

unhal ogenat ed al kylaryl " groups, 'Cg- C Qhal ogenat’ed or
cmDHUWMamogédanEm(unmhawhenyl groups, -NR, -SR, -OR,
3 or -PRradicals in which R |s one of a
R' anﬁaﬂ c?g@ pcatieahor gliffretimdaarg yeleged fpm yrdregasstane Gir¢lo alkyl groups,

G YRR RSB, T L2001 AR R B, Bt s, o

alkenﬂrgramfsecwmgswlaﬂqd g@dljpacent.y @rlylesil grdapa, (agnd40F&1321an<amyl groups, OH
formone or nore saturated or aromati.c r]j ng

groupg of balogen ptog; of conypgated dpgnes. hat argmptiogs !y @b@t}tu‘;ed|w1ph pne or more

hydroEarEg'ﬁ El(lﬁyc}_rgcgbw 11%11 g%zlﬁs %r k;yd%caﬂﬁ Itrl(%}gshlgcérbégmﬁlﬁyéﬂ‘écaﬁ)yl groups;
R*-R'? @¢ the Same-08@iffere@Cd- are -sBKeEtedlﬁzjom hy@0Ogen ateR, hdlpgen atoms, C;-Cyg
halogipterkt 3 oenied IO REEARICRL B BEQREN orrdiplisgried gro! eroups.

C,-C58l Reted TR MM, ﬂﬁ@d |[1€L‘>|n O8Rup&l G4, HalobnAEP WP Sunhal ted
’ ?:Ga%% a?yl groupsg@ Cl- 820 gl %m?y gr oups, alé%n rhalogenEte

arylalylkgmnybs, §r €t haloginaBaDomnytadddephted rabqylbagyl mum@jg-Cm halogenated or
arylalkenyl groups and C7-CA0 al kyl aryl droups,
unhalggriated grylalkegd rapswiNh, AR, APBrt QPiRenti ReopimERes rﬁ@w@lﬁétnwhlch R'is one

ofa htlf())rggﬂ Qtofﬂ, 0 -&f QIM gfo%p,S&] a?&-@ljo efrglf)gﬁ)oup; or two or more adjacent radicals
R’ to R’ together with the atoms connecting them can form one or more rings, and adjacent
radicals R'! and R can form one or more saturated or aromatic rings;

R is selected from:

R14 R14 R R14

AP =M oo

LA T L

R14 R16 R14 R4 R4 R4
M-C-  om.  —C—C-C-
FL” é“5 [Lw [L% ILw ;Lm

-B(R'Y-, -Al(R")-, -Ge-, -Sn-, -O-, -S-, -SO-, -807-, -NR'?-, -CO-, -P(R'")- -P(O)R")-, -
B(NR''R")- and -B[N(SiR""R""R'),]-, R', R and R'® are ecach independently selected from
hydrogen, halogen, C;-Cy alkyl groups, Cs-Cso aryl groups, C;-Cy alkoxy groups, C,-Cyo
alkenyl groups, C7-Cyg arylalkyl groups, Cs-Cyg arylalkenyl groups and C;-Cyg alkylaryl groups,
or R and R", together with the atom(s) connecting them, form a ring; and M’ is selected from

. . ) 13
carbon, silicon, germanium and tin, or R is represented by the formula:
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carbon, silicon, germaniumand tin, or Ris
represented by the fornula:17 24 1 2 17 24 wherein R
W 000R025589 as defined for Rand R, or two or nBCEUS2007/085365
adj acent radicals Rto R, including R and R,
together wth the atons connecting them form one or
more rings; Mis carbon, siligdh, germanium or tin.
27. The process of any of clailns 1 to 26 wherein the
activator is selected fri 9and
non- coor di nati ng ani ons.
clains 1 to 27 wherein hydr{:en and excess cat al yst
killer are renoved fr t b€ TRyrronsi@P - ri ch phase prior
to being recycled to theMone qr norgeipol ynerization
reactor. 29. The process 0 ; %3 aims 1 to 28
wherein the nonomer-rich phg and the polynerrich
[ [ t-,9.2 g/nmL. 30. The
erein the
pol yneri zation systemis a singte-phase supercritica
fluid. 31. The process of any of claims 1 to 30

wherq\i\r'? gﬁr;ehonﬁfﬂ%F ga%tsdg?@g& ﬁqrf,]]%t %Ié(i ﬂztohret\xzsoeg arrn%}rel Y acen% Ta 1cals to R24,

. . 20 21 . . . 2,
including R and R , together with the atoms connecting them form one or more rings; M is

carbon, silicon, germanium, or tin.

27. The process of any of claims 1 to 26 wherein the activator is selected from alumoxane
and non-coordinating anions.

28. The process of any of claims 1 to 27 wherein hydrogen and excess catalyst killer are
removed from the mononomer-rich phase prior to being recycled to the one or more
polymerization reactor.

29. The process of any of claims 1 to 28 wherein the monomer-rich phase and the polymer-
rich phase differ in density by at least 0.2 g/mL.

30.  The process of any of claims 1 to 29 wherein the polymerization system is a single-phase
supercritical fluid.

31. The process of any of claims 1 to 30 wherein the residence time in the separation vessel is

from 1 minute to 30 minutes.
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