WO 2008/076589PCT/US2007/085365 PHASE SEPARATOR AND MONOMER RECYCLE FOR
SUPERCRITICAL POLYMERIZATION PROCESS Inventors: Chris Friedersdorf, Patrick Brant and
Gabor Kiss S{r5igfibiSdadgn [0001]This application claims priority to 11/854,@3G;dillgd,sgpember 13,
2007 which isa continuation in part of USSN 11/714,546, filed March 6, 2007, which claims priority
to and the benefit of USSN 60/876,193, filed December 20, 2006. This application also claims priority
to 10and the beRHKSE SEBANRAISOR, AND NGO NGRS RIOOY (HiE F ORI SUIPERTRIT[ROAR] This
invention relates to polymerization of glefi I itical conditions, in which the
principal monomer has three or more%gﬁlb%mgﬁ%?éﬁg%tg 5 relates to the separation of the
polymeric product from the low molecular weight components of the polymerization system, and the
recycle of the low melecylar weight.cgmpgnents, to t olymerization system. Background of the
Invention %EB%P(%} ince the rerﬁlsgofgg(%gr%e% gégtrl\(g%ﬁgggéshave been used in high-pressure
reactdrs - mainly for producing ethylene-backbone polymers (polyolefins where ethylene is the
principal nBorotyeriaimcluding ethylene copolymers with co-monomers including one or more of

propylene gygtane, afds %Eﬁ&ﬂo&gﬁﬂg%ﬁ% %m%%x,%%%@eﬁrgewﬁnb% F3MRHY Rh is a

hexadiene. For example, U.S. Patent No. ,608 to Langhausen et al., reports a process for 25
polymeriziefgGR450 10 naglREAESSDS H@i?ﬂﬂcﬁg‘éd fﬂ@éﬂ@@éﬁ@ 2ty sisicly ﬁ_iﬁlf@teﬁﬂwmﬂm fytene
production,YndrTRQIMREEHERYS, PRaLRIIERLCARAIIANS 56 PERR SHRRASIMRBCticRhapdiny askable,

due to a lack of catalyst systems that could produce commercially useful polypropylene at
températurad HenaliovetRSN HHCH 1ehpdiediMassittaBB0é the solid-fluid phase transition
temperature. However, a process to produce commercially useful 30 polypropylene (and other related
polymers)pnr BiaRPnessiishsystem has now been disclosed in W02004/026921, which provides
advantages, such as increased catalyst productivity, higher throughput, shorter residence times, etc.
Likewise, HWZbropylBie IBXEHIPOTGIIED s (it A& Coiin B ST aRGRATAR B cCRAISF \WehgFRritical

distributioggnarishdiselogach Thuphneimisnamenead inrtaeaitRJexslan AemsProggssestapaple of
greater economy and efficiency in the separation of 35 the pglymers of this new, process from th

I
moletul arr\ﬁ}é‘fﬁﬁocgﬁ 5%9%?&%?%6 polymeric product from thé low molecular weight components o? ow

the polymerization system, and the recycle of the low molecular weight components to the

polymerization system.

Background of the Invention

20 [0003] Since the mid-1980s metallocene catalysts have been used in high-pressure reactors -
mainly for producing ethylene-backbone polymers (polyolefins where ethylene is the principal
monomer), including ethylene copolymers with co-monomers including one or more of
propylene, butene, and hexene, along with other specialty monomers such as 4-methyl-1,5-
hexadiene. For example, U.S. Patent No. 5,756,608 to Langhausen et al., reports a process for

25  polymerizing C, to C,o l-alkenes using bridged metallocene catalysts. Until recently,
polypropylene production under homogeneous supercritical conditions has been seen as
impractical and unworkable, due to a lack of catalyst systems that could produce commercially
useful polypropylene at temperatures much above the critical temperature and above the
solid-fluid phase transition temperature. However, a process to produce commercially useful

30  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

35 the polymers of this new process from the low molecular weight components of the
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WO 2008/076589PCT/US2007/085365 polymerization process, and, preferably, of economically
recycling those low molecular weight components to the polymerization system feed. 100041WO
1993/11171 ¢igrlesos askwlyolefin production process that comprises contipgpiahyiepsings olefin
monomer and a metallocene catalyst system into a reactor. The 5 monomer is continuously
polymerized to provide a monomer-polymer mixture. Reaction conditions keep this mixture at a
pressure lpelgwidtizasipstend scedpunkdp pirtqpabbs e cantilnus! §reatgch iy drpdrakov @adtioul antugat
consisting of ag)é)lx{nter-tﬁch a}ngla.magnomer-ric ase. The reaction temperature is also maintained
above theCBnggr S meltindpomt. 4 ]88§¥W61 /14766 discloses a process comprising the steps
of (a) contid@tsly f@&ding990/bldfiiic diaharmer anddyohtiily stpsydtetionwitha enetalaceoegoisgonent
and & cocglhrlSRIPROE (AR IEATAL Ao RRHS RO AR TEPMEL 2 1o
polymerlza?lon Zone reactorunder eFéva?ec? pressure; (c) continuou Fy removing the polymer/monomer
mixtufe frometheeeastonniducostinpolsiyseghratimgonidaomacfromenitemgolypmene(c) Readating
pressure t g -[G d %j [ ; Q.S i r

eactor. 15 D e T Lo PoE e, S tner
discloses sipgfleaghasphpestyracticativntuoneltiontfpopraehizing cwinandreinppeserigropyiendbased
polymers. gt fieSeree:AiLa RRAN 1% E¢ IBOVDIE PRBRIS L dRutiRR SN consumption and low plant

investment via fluid-liquid phase separation of propylene-based polymers under supercritical

conditions!0983booeVW 32684 H6odiscsicsBe ecpy 6eBgs it dimitans © b rgBtBensinsadiiag

threq @r MALgicRBAhBIPS:RNd %ﬁﬁ?ﬁ”)ﬁﬁt@ﬂﬂed}%% %&@W&@d&h@%@f{ﬂ £RMNQIBARSyWith a
catalyst compound (such as a metallocene), activator, and optionally diluent or solvent, at a

temperatufRIABGEtHR B/ EaHiPadbh PRI O IV TR B Rg heH SRSy SR e IprESB FI o
lower thandQ:pMRadelewm theichoudpeint pessarie Rl ierRarpaHZ FiomRyaiRmo MGt die 2om

polymerization system comprises any comonomer present, an)g{diluent or solvent present, the polymer

) i y
product, WRErEAHE ol KRR thSRAGH RS PBACBEH BTHOLRE BRASRE AE W MSIGRIVESIhiRe.

Thus, WOZ81a40 263 inteatdesnd polymerizalivnppegeessd on oaking o mieyieiad y-oiaefd reactor.
propylene-rich igher alJpha-olefin-rich) poJymers under a wide range of supercritical gperating
con ﬁonsWﬁ)clﬁgd%}g]g&% iﬁfi@ﬁgsaﬁa &e@qaﬁakﬂa%&%mfgm%a? SHEHitRBLTLRE 3% e ert
solvent cofijetsessinghefthibe palyneeizision sokutidons. oipeigscive domeithas iheusifiglropakac-
reaction medi m,glrnpredomiagnt%in ne %)f thg,? twg[)hghases in a two.pha 1?\sxystem.The curr{?]nt
inventionnip’?ég S aﬁF ceds Torthe eticiert &nd' econSmitd %CeaB%I} ftilgnoo ?heeﬁlg@ﬁ%orl}srlolﬁlp & lower
molecularanéigiv gdmpanestsoftthe réeictibguidethase sepeforow 6f 2068/R1658RGMYB260HA85365

economical recc¥c[le ftrg%%{ wer molecular weight components to the polymerization system feed,
crcritical.conditions

useful in tﬁléppo ymerization system described in W02004/026921. 100071U.S. 6,881,800, US
7,16230989(80RHIV 028022084 0369DY ¢isiddersaort)cdestibel enpolyerrerization sidfieshforie wide variety
of polyolefin, POlYmESEs. {BEYAIng c?éB%BXé‘T earieiid R X’H%ﬁgﬁﬂ”&d&/ﬁaﬂ%‘%@ﬁﬁ L
However, because the systems described are solverit based systems, the polymerization system
pressure reatgestheampeissidseehis srenn?ts! ler o Mpeivisteic Haisl benbanthl rdileatopthwbgnterst a

invention (20 10200 ME3L 10081ReSRIIRINERH AINAPSEFH J0KAL:i 066G LoMaINma ABRAJIRE no
polymerization processes that provide commercially useful propylene-rich polymers, especially those
having higgwer than 10 MPa below the cloud point pressure of the polymerization system, where the

25  polymerization system comprises any comonomer present, any diluent or solvent present, the
polymer product, where the olefins having three or more carbon atoms are present at 40 weight
% or more. Thus, W02004/026921 teaches a polymerization process for making commercially
useful propylene-rich (or higher alpha-olefin-rich) polymers under a wide range of supercritical
operating conditions, including both single and two-phase reaction systems, with or without use
30 of an inert solvent component, where the polymer is in solution, i.c. 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



10 molecular weight and high crystallinity, prepared at higher temperatures and productivities than
otherwise possible, while providing for the economic separation of monomer from polymer, i.e. with
low capital inK@sigaglabaael low energy consumption, thus affording advantgagegaRegsHisisseparation and
monomer recycle. 15 Summary of the Invention 100091This invention relates to a process for
polymerizing olefins, comprising the steps of: (a) contacting in one or more reactors, in a dense fluid
homogeneoosopabyinestzationfSitrtdow @lefiol toalaomeighhavingdhtes o nhorgddanairaiomsyptasent at
30 weight % or mare.(based upon.the weight of.the mono nomers entering the reactor),
20 with: 15 0d e el s e e R Trom o 10 50 mole %
comonomiiidsed UorvtBelitdubtSof7the3ra ot ame rsvard Ao mebs diriedirgdthé) rdesctaby, and 4)
0 to 40 wt i dildent er sobient (pased yipon the weight of thedRolymerization pysiem), at & [empgrature
above thepcn}/’staﬁlzzatlon %mperature of the po]ly%erlzg\?ign syst mand & pressur 0 IBWer than 10
MPa {refeoibheno otenttiaHoca MPRE)sbeloietive cldod pointmessarthofswcpolydasritetdoarsystem
and less than Q%Méﬁa?‘é\@&rse %@g&%ﬁ%’&?%&ﬁﬁ%@&%ﬁﬁ%@ 1h% RAAQELT i@mpFomPRpmer

present, any diluent or solvent pre ny scavenger present, and the polymer product; (b) forming

a reactor eflllyl adnnbrisibrjavpbhrargernbisraerenhinyenti¢n)(dptioAafyVHeating the
polymer-mgggyer mixipe afdd) afehdexiedbareacier3angd Relos & ﬂ&%&@ﬁﬁﬁ?&?;ﬁf@é&@@ uced

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

pressure dhhePFaEERr CHNRAEEHN PHSIY (OPIRATEIC AebrAEmigtnrsialyb fissroviarag|dughpoint
presgyre SR WAHHIARE MRS SAMBHSI gaﬁfahém%gﬁm R4 SPRIMENISR Rhase
either before or after cqllectlng.t e WO 2008/076589PCT/US2007/085365 polymer-monomer mixture
in the sepabRIdHssRssItimarailh arprediagr MR CTRAITHF RSPARIISP bR RERCTOR M MRAE BN iShe is in
use) is betwaenk argikdiMEakiehaidhan e RieIoHiaHp e, seRaratiorivesasl anskbtiejRnperature
in the separation vessel is above the crystallization temperature of the polymer or above 80C if the
polymer hifPHEEHALMLABN YRl Fature, whichever is higher; (f) separating the monomer-rich
phase from the polymer-rich phase; (g) recycling the separated monomer-rich phase to one or more

reacli%rs og 1(1?2 n%{\rg 8'?)&{??1?\\/&%% polymer from the polymer-rich phase.

[0009] This invention relates to a process for polymerizing olefins, comprising the steps of:
(a) contacting in one or more reactors, in a dense fluid homogeneous polymerization
system, olefin monomers having three or more carbon atoms present at 30 weight % or
more (based upon the weight of the monomers and comonomers entering the reactor),
20 with: 1) one or more catalyst compounds, 2) one or more activators, 3) from 0 to 50 mole
% comonomer (based upon the amount of the monomers and comonomers entering the
reactor), and 4) 0 to 40 wt % diluent or solvent (based upon the weight of the
polymerization system), at a temperature above the crystallization temperature of the
polymerization system and a pressure no lower than 10 MPa (preferably no lower than 1
25 MPa) below the cloud point pressure of the polymerization system and less than 200
MPa, where the polymerization system comprises the monomers, any comonomer
present, any diluent or solvent present, any scavenger 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
30 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 ecither before or after collecting the
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10 Brief Description of the Drawings [0010]Figure 1 presents a graphical depiction of the
thermodynamic definition of binodal and spinodal boundaries. [0011]Figure. 2 presents a phase
diagram for gytypisalPelgmerization medium of the current invention. 15[00d2}Rigse dspsesents cloud
point isotherms for Polymer AchieveTM 1635. (Achieve 1635 is a commercially available
metalloccne-catalyzed isotactic polypropylene having a Melt Flow Index (11012-ASTM 1238, 190 'V,
2.16 kg) of 32 g/polynisraviatabier firdriubxotl adphEtiemicslcContpathe, fleustonn Texascipr (or at
[0013]Figure 4 shows the density.of monomer-rich.and pal r-rich pha rged from a 20mixture
of sotacic polyp Iy e (RO ACHOTER) el e At B aRE B b o i, v
of a polymerizatipreprocessheoryptisiiog agebdsaddpaatpeacaar dinbctoctiueatnve ntior] Detailedhe
Description of the, Iy sptian, 2ol0QISlE er.PuPses,of s invention anghéhe clgims fisreto @, cajalvst
system is defined 1o be the combiRation of one or more catalyst precursor compoﬁnalglan one or
more Activators angsaHzumiottal moaaotyvatoicheseryiphighstthe catalyst system can be optionally
supported on sol partiglag. i GaSHIDE SHRRRY R AISRARAIINAGAIRING system. SO
CRITICAL PROPERTIES OF PURE SUBSTANCES AND MIXTURES [0016]Pure substances,
including all typebf hyiheyekingohs sepdr asismipneitiserigispbasiticaino psujpeecrtciarsedte) dapsending on
their temperaturegnd QresSurG: SR iHOBHISHRRIRIHIGR Slate possess interesting physical
and thermodynamic properties, which arc exploited in this invention. Most notably, as supercritical
fluids undergo large changes in

10  Brief Description of the Drawings

[0010] Figure 1 presents a graphical depiction of the thermodynamic definition of binodal
and spinodal boundaries.

[0011] Figure. 2 presents a phase diagram for a typical polymerization medium of the current
invention.

15 [0012]  Figure 3 presents cloud point isotherms for Polymer Achieve™ 1635. (Achieve 1635
is a commercially available metallocene-catalyzed isotactic polypropylene having a Melt Flow
Index (110/1,-ASTM 1238, 190 °C, 2.16 kg) of 32 g/10 min available from ExxonMobil Chemical
Company, Houston, Texas. )

[0013]  Figure 4 shows the density of monomer-rich and polymer-rich phases formed from a

20  mixture of isotactic polypropylene (isotactic PP) polymer and propylene monomer.

[0014]  Figure S is a diagram of a polymerization process comprising a phase separator

according to the invention.

Detailed Description of the Invention

25  [0015] For purposes of this invention and the claims thereto a catalyst system is defined to be
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.

30 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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WO 2008/076589PCT/US2007/085365 pressure, their density and solvency for polymers changes
over a wide range. To be in the supercritical state, a substance must have a temperature above its
critical tempg{yyiBsidfs@nd a pressure above its critical pressure (Pc). Mipassafopdiggsarbons,
including mixtures of monomers, polymers, and optionally solvents, have pseudo-critical temperatures
(Tc) and 5 pseudo-critical pressures (Pc), which for many systems can be approximated by
mole-fractjeesseig e a\eﬁs'agm@fsmeeﬁoyrésp@nwﬂ@@riﬂmigasopwﬂes\ﬁ'de anie) ofIthe)asnimtute's

components Mix UY?S with a t%nggerature bove Ehelr seudo- CI’ItIC?J temé:)?rature ress re
erefl statey a substance ave D2 apove 16y tempera ure ) Qpada
above thelr Seudo-critical pressure w e said |n a supercrl Ica S ate or B ase, t

thermodymaesiabedtavioriof snpeabm‘temmelmmbzs \Mmmamaﬁ)gpdmwwmrmmdi@umMres of

substances FOr pUrposes | of this invention, the critical temperatures % d critic c) of
certain pure sug1 ahdesrefe 1‘\S/’arail%l 0 (tal%lbarlrlgn§ Elver%ioﬁ gree Pﬁ%%cgotﬁéttl S?Jrr]ltdm hthe u& %in{ QD
Chenfistrypasii®hyisicd, DaedsuRs LidRs)E ditdvidh-Chief, i82nd editfon200dn 2082, PROPress] lecz New

York, 2004, ] BAEHAL.] TOFM% ecso&s‘%h%ctc%%éﬂ%%‘zﬁﬂ% Srftl&l 5&%&&(@? S{MERLNaRe Tc

(K) Pc (MPa) Hexane 5076 3.025 Propane 369.8 4.248 Isobutane 407
mixture’s components. Mixtures with a temperature above their pseudo-critical temperature and

a pressure above their pseudo-critical pressure will be said to be in a supercritical state or phase,
and the thermodynamic behavior of supercritical mixtures will be analogous to supercritical pure

10 substances. For purposes of this invention, the critical temperatures (Tc) and critical pressures
(Pc) of certain pure substances relevant to the current invention are those that found in the
Handbook of Chemistry and Physics, David R. Lide, Editor-in-Chief, 82nd edition 2001-2002,
CRC Press, LLC. New York, 2001. In particular, the Tc and Pc of selected substances are:

Name Tc (K) Pc (MPa) [Name Tc (K) Pc (MPa)
Hexane 507.6 3.025  Propane 369.8 4.248
Isobutane 407.8 3.64 Toluene 591.8 4.11
Ethane 305.3 4872  Methane 190.56 4.599
Cyclobutane 460.0 4.98 Butane 425.12 3.796
Cyclopentane 511.7 4.51 Ethylene 282.34 5.041
1-Butene 419.5 4.02 Propylene 364.9 4.6
1-pentene 464.8 3.56 Cyclopentene 506.5 4.8
Pentane 469.7 3.37 Isopentane 460.4 3.38
Benzene 562.05 4.895  |Cyclohexane 553.8 4.08
1-hexene 504.0 3.21 Heptane 540.2 2.74
2732K=0°C.

15
PHASE BEHAVIOR

[0017] The phase of a hydrocarbon, or mixture of hydrocarbons, such as the polymerization
system, or the polymer-rich or monomer-rich phases forming from the polymerization system in
the one or more separators of the disclosed processes, or any other mixtures comprising

20  monomers and polymers, is a key thermodynamic property. A mixture’s phase may be either
solid, vapor, liquid, or a supercritical fluid. For purposes of this invention, the supercritical fluid
phase may at times simply be referred to as the fluid phase. A mixture is determined to be in the
supercritical fluid phase when its temperature exceeds its critical, or pseudo-critical temperature
and when its pressure exceeds its critical, or pseudo-critical pressure.

25  [0018] When mixtures change their phase by virtue of changes in temperature, pressure,
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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given composition. For purposes of this invention, the phase boundaries between fluid and liquid
phases will be called fluid-liquid phase boundaries and transitions of temperatures or pressures
that cross these boundaries may be referred to as fluid-liquid transitions. For purposes of this
invention, the phase boundaries between the single homogeneous fluid and two fluid (fluid-fluid)
phases will be called cloud point curves. As a homogeneous single fluid (liquid or supercritical
fluid) mixture crosses the cloud point, it is transformed into two phases of different densities and
compositions. A given point on the cloud point curve will be referred to by its cloud point
pressure. The cloud point pressure can be experimentally determined as the pressure at which,
and below which, at a given temperature, the polymerization system becomes turbid as described
in J. Vladimir Oliveira, C. Dariva and J. C. Pinto, Ind. Eng, Chem. Res. 29 (2000) 4627. For
purposes of this invention and the claims thereto, the cloud point is measured by shining a laser
through the selected polymerization system in a cloud point cell onto a photocell and recording
the pressure at the onset of rapid increase in light scattering for a given temperature. For
purposes of illustration, the cloud point curve of a typical polymerization medium is depicted in
Figure 2 (1 bar = 100 kPa).

[0019] Phase boundaries between solids and fluids (i.e., between solids and liquids or
between solids and supercritical fluids) will be called solid-fluid (or solid-liquid, when the fluid
phase is a liquid) phase boundaries. Crossing solid-fluid (or solid-liquid) phase boundaries will
be called solid-fluid (or solid-liquid) transitions. A single point on a solid-fluid (or solid-liquid)
phase boundary may be referred to as solid-fluid (or solid-liquid) transition temperature.
However, many of mixtures referred to in this disclosure exhibit two different solid-fluid (or
solid-liquid) phase boundaries, depending on the direction of the phase change. One is for
melting, ie. when the direction of phase change is from a solid or from a solid-fluid mixture to a
fluid phase (one or more liquid or supercritical fluid phases) without solids, and the other is for
crystallization, ie. when the direction of phase change is from a solids-free fluid (one or more
liquid or supercritical fluid) phase to a phase comprising a solid phase. When it is necessary to
differentiate between these two types of transitions, the terms melting and crystallization will be
used, and a single point on the phase boundary will be referred to by its melting temperature or
its crystallization temperature. For purposes of this invention and the claims thereto, solid-fluid
(or solid-liquid) and fluid-solid (or liquid-solid) phase transitions are determined by shining a
helium laser through the selected polymerization medium in a cell onto a photocell and recording
the temperature (at a given pressure) at the onset of rapid increase in 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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282.34 5.041 1-Butene 419.5 4.02 Propylene 364.9 4.6 1-pentene 464.8 3.56 Cyclopentene 506.5 4.8
Pentane 469.7 3.37 Isopentane 460.4
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solid-fluid (solid-supercritical fluid or solid-liquid) phase boundaries of both the crystallization

and melting types for a typical polymerization medium are depicted in Figure 2.

PHASE DENSITIES
5 [0020]  As described above, the measurement of phase boundaries is determined by making
multiple cloud point pressure measurements at a variety of temperatures for a given composition
mixture, using the experimental methods described in J. Vladimir Oliveira, C. Dariva and J. C.
Pinto, Ind. Eng, Chem. Res. 29 (2000) 4627. This phase boundary data is used to fit the Equation
of State (EOS) models to predict the thermodynamic and physical properties of the individual
10  phases, ie. fluid, liquid, solid, and/or vapor over a range of temperature and pressure. For the
experimental work supporting the current invention, a version of the Statistically Associating
Fluid Theory (SAFT) EOS called SAFT1 (H. Adidharma, M. Radosz, Ind. & Eng. Chem. Res. 37
(1998) 4453) has been used for this purpose. Because phase separation experiments are run at
high temperatures and pressures, it is usually impractical to sample individual phases in multi-
15  phase mixtures to determine their composition or physical properties, and thus the predicted
properties of these phases have been used in lieu of directly measured values in support of the
current invention. This approach has been validated in other instances, where material balances
from pilot plants and commercial plants have been used to validate SAFT1 EOS predictions. As
an example, SAFT1 EOS models of the polymerization systems and liquid-liquid separation
20  systems described in US 6,881,800 and US 7,163,989, which include polymers, monomers, and
catalysts somewhat similar to the current invention, but which include relatively large amounts of
alkane solvents in the polymerization medium, and are operated at lower pressures than the

current invention, have been verified by these types of material balances.

25  SPINODAL DECOMPOSITION
[0021]  Phase boundaries of mixtures, such as a polymerization medium, may be depicted as
temperature-pressure(T,P) diagrams for a constant composition mixture as illustrated in Figure 2,
or alternatively, they may be depicted as T,c diagrams for mixtures at constant pressure (as
illustrated conceptually by the binodal curve in Figure 1) or P,c diagrams for mixtures at constant

30 temperature, where the symbol c is used to denote composition. For multi-component mixtures
the composition is designated by a series of composition variables C;, where 1 refers to each
component in the mixture, 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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3.38 Benzene 562.05 4.895 Cyclohcxane 553.8 4.08 1-hexene 504.0 3.21 Heptane 540.2 2.74 273.2
K =0 C. 15 PHASE BEHAVIOR [0017]The phase of a hydrocarbon, or mixture of hydrocarbons, such

as the polymguizafiRfxgiem, or the polymer-rich or monomer-rich phasesdgynigfraniibe

polymerization system in

considering the polymerization medium to be a binary mixture of polymer and a single low
molecular weight hydrocarbon, and the composition variable ¢ can be taken to denote polymer
concentration. If we take, by way of example, a phase boundary depicted by T,c at constant P as
depicted in Figure 1, then the fluid-liquid phase boundary appears as a curve (which, following

5  terminology commonly used in the art, we have designated as a binodal curve) where a minimum
value of temperature (which is also commonly called the Lower Critical Solution Temperature,

or LCST) exists at a concentration called the critical polymer concentration (ceit). This binodal
curve, which represents the two-phase (fluid-liquid) phase boundary, is a locus of points where

the single phase polymerization medium is in equilibrium with a two-phase mixture of

10  monomer-rich and polymer-rich phases. From Figure 1, it is apparent that for any given
temperature and pressure, which is represented by horizontal line at T, there are two mixture
compositions that are in equilibrium with the polymerization medium, and thus in equilibrium

with each other. One of these mixture compositions is a monomer-rich composition, and the
other a polymer-rich composition (these two compositions are designated as ¢’ and c¢” on

15  Figure 1). The bottom part of Figure 1 illustrates a curve representing the chemical potential
(Apy) of the binary mixture as a function of ¢ at a temperature equal to T; (note that a similar
curve could be constructed for all other values of T). Note also that Au,(c") = A, (c”), since for

two mixtures to be in equilibrium, their chemical potentials must be equal. At other values of ¢

on this curve, Ay assumes other values, since these other compositions are not in equilibrium

20  with ¢’ and ¢”. Along this Ay, curve, there are two other special points, where the first partial
derivative of Ay, with respect to composition is zero (0 Apy/oc = 0). This is the thermodynamic
criterium that defines the spinodal boundary, as is illustrated by the graphical construction in
Figure 1. For compositions on, or inside, the spinodal boundary, the compositions of the
monomer-rich and polymer-rich phases differ sufficiently from equilibrium to form a

25  thermodynamically unstable two-phase mixture, which tends to form a co-continuous
morphology rather than a morphology where one of the two phases is dispersed as droplets in a
continuum of the other phase. Inside the cross-hatched area in Figure 1, the mixture tends to

form a morphology where one of the two phases is dispersed in a continuum of the other phase.
When the polymer concentration in the polymerization medium is higher than ccy, the polymer-

30  rich phase is continuous, and when the polymer concentration in the polymerization medium is
lower than cc it , the monomer-rich phase is continuous. In many embodiments of the current
invention, the polymerization medium is a single phase fluid, such that its thermodynamic state
(T,P,c) would place it in the single phase 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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the one or more separators of the disclosed processes, or any other mixtures comprising 20
monomers and polymers, is a key thermodynamic property. A mixture's phase may be either solid,
vapor, liquid yph 3egkipeggdatical fluid. For purposes of this invention, the supggaritical Hiick Rase may at
times simply be referred to as the fluid phase. A mixture is determined to be in the supercritical fluid
phase when its temperature exceeds its critical, or pseudo-critical temperature and when its pressure
exceeds iig gritisaleois psesstial cotiaal prbsshicemabjoaisd\WMhaenomhiktusesahangesdieithpihasadadalirtue
of changes, I lemperalure,pressure andior.somposiion, fhey are said 9,e105 phasa boyndaries.
which mayrbe Pepresen ed as a locus of points fcur\Pes on empe%ture-pressuregglagrams, where
said curves applyciogticidtisies! odbaebtia 200807 IR CTNULSRUGTHOBE366ghsen campositien. For
purposes of {5 ipvenian. e phass oundaries betean fuidiandiguidiehasss. il e palled o
quid-quuid%%ase oundaries and transitions o tempera Ures or pressures that cross these boundaries
may e refagrad td iastiuidstioudd thahtditomdefiodpuoppisdenf dais imtdrtiorsufiie]phidss hourmtanss

between the Single OPHQ%Q&%%J#U&‘F £nd e iL@i?ﬁgé%'sﬂHiﬁér%M&%ﬁ??b‘@iﬁé?&ﬁﬂl%%de%g%%%m

curves. As a homogeneous single fluid (liquid or supercritical fluid) mixture crosses thc cloud point, it is

transforméer intehtwel yyheideation aiffdremt damsiiias bmudorpositions. e givriatpbin pheteel digathpoint
curve will Re &R IO BLS C1OUHRAINE PRSI GG SIPYGRAINPIRESHIR £30 B RXPET Al

determined as the pressure at which, and below which, at'a given temperature, the polymerization

system be&grmeentuphidhas seaibeaaro s JowddimitholRaes, @ DamrEnmeyd SelvrmtechErtRag,
Chery Reme%%&'és)@@.@%ZwEﬁrd@.uarp,%ﬁw&t@%gﬁ\é@ﬂﬁg@MI&%@J@m%m@gej,ov.tm algugl point is

measured by shining a laser through the selected polymerization system in a cloud point cell onto a

photocell & #cordihy tH@praxiivaciripk BRRsSt ArapioneRersdid iSRG seERtarHRLtbE YRABN2

temperatusgadeQir RukRasem Ol dhesHiatioth dhBoploMer PRIt GH e QR rPic A palviBerigaieamedisim is
depicted in 15Figure 2 (1 bar = 100 kPa). 100191Phase boundaries between solids and fluids (i.e.,
between SR8 and heRIBVRBtT/eER ORI el & RRATHIN HURSPIRT He SSl Ry Soliek RifTRIF
solid-liquidondeardhe fheichphaseristraliquith poase boupdasies: &rosaingrsekic-flumic (@osehd-diguid)
phase boundaries will b calgad solid-fluid (gr solid-li%u;%)ﬁt][ansitions. A single point on a solid-fluid (or
solid Hquid) S pIFAE S ARnBARF MR BECFEPE FREPIG SR SBIRIMUTE: S LS IHURG PR ERiBh &t B&rature.
However, soacun of tioix thaashieferire prigdit ihishdisciosu ke faxhitditSpeoifl fidkemicsabdeiiie foh satariquid)
phase bo ndartiels, cj[ep(wdin%on the direction of thelphallﬁe change. Ontei for meltin ,t.ie. WF%Q the
direction o0 Sh%see% ange oM e 861 or ffom'a Lonid-tiuit r%%??ﬁ%efio 3 f u?dcporlwlges% one or more
liquid or superariticabpiicichphasths) eWfthentt solibs, axmnd dhehstherafppRIecapyalitzbtion 2@ owhere the

drection ofehass,SIEge =19 a0l fen LR (6 ol g er suRerpleal it pyase o 2

Id phase. IS hecéessary to etween these two types of
transifionsithé geurly sl tierndipd gnystal iz athescwill pel ysedriahdtecsimGlecpbint ahtthaginasehbsundary

| be ref . . ) ot s ;
Invention So e R R e
transitionslare pelenernisd byhskining theepaselasspetpiaugh the splessteld podererszation smedilen in a
cell onto g.phatacallang reeardineg the.femperaiue (ah 3HivRR REPSRUTR )AL the Qpsekpidapidipcrease

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

decrease ANy ScaderigIAtiteRTHetHEiBRBSe APRAEEOHT @f SBIRI Prase! (FHemyyCFeRitinsoses of
i"US%“0%W%%PQ@!P%@%%E@%&&%%@QM%%@%W are present in its effluent. Specifically the

polymer rich stream has at least 10% more polymer present as compared to the concentration of
the polymer present in the effluent at the exit of the reactor, preferably at least 20% more,
preferably at least 30 % more, preferably ate last 40% more, preferably at least 50% more.
Figure 4 of this disclosure further illustrates the meaning of monomer-rich and polymer-rich

30  phases and streams.



solid-fluid (solid-supercritical fluid or solid-liquid) phase boundaries of both the crystallization and
melting types for a typical polymerization medium arc depicted in Figure 2. PHASE DENSITIES
5100201As qesgTibseshadagve, the measurement of phase boundaries is detgrR)inggod)d¥king multiple
cloud point pressure measurements at a variety of temperatures for a given composition mixture, using
the experimental methods described in J. Vladimir Oliveira, C. Dariva and J. C. Pinto, Ind. Eng, Chem.
Res. 29 (280DY 462X17IAI3PRaSeSTaivMAary data is used to fit the Equation of State (EOS) models to
predict th Jﬂg\)‘nod%n%m(: ranpl tfll sicqlﬂgﬁope[tiﬁg clf H}le.in iﬁir(ljuc%lg npgaﬁg_s,li% ﬂHaildir{iqfidf sglid,
and/or vaﬁor over a‘ran eeofoteorﬁperg ure and' presdire. For ¢ eeexpserlme% giwork su\p’)p%r ?ﬁlg the
current inventionyizoversion of the Statistically Associating Fluid Theory (SAFT) EOS called SAFT1 (FL
Adidnarmay g, Radgsg, Jndk 8500, Chem, §e5,57A088) 4453) hasbaenised oriis Rurpose.
Because SR S separa&%n experiments are run at hlg empera res anéapressures, It is usualily
impratticaiamspehpleirdiod valiopsbarierzaiitin.15 phase mixtures to determine their composition or
physical p ies, the nredi erfi f aF\Y ' é

directly mgﬁ)aiﬁfed val es%%%%%lgl& gsf t gﬁ%%aror%n{lﬁﬁéé%tégg s‘p'el'0 m%%?ér?%gagfﬁe?ﬁ%g gt%lé){% other
instances meerecrhaterial balances from pilot plants and commercial plants have been used to
validate SiphdrOS WRAICHGRS, A%l RARBISSAFIIRRST Al hiNeeAlumezalan sysipms
and liquid-liquid separation 20 Systems described in US 6,881,800 and US 7,163,989, which include
polymers,Rﬁdﬁ%’ér@@dﬁﬁ%&ﬁﬁﬁ?@t%ﬁ@%ﬁaﬂ%ﬁww to the current invention, but which include
relatively |pyepeypmounts Qi AIkgRe Salyarinia e PaRsHEAtIeR MEtR o ARRRI BeRe AR Allgwer

pressures than the current invention, have been verified by these types of material balances. 25

SPINODATOB RSN 58 cRItSH crtdEst Pherdel b GABRARANSH MRkAIES! BIRER 2Ty nienZetibAT
medium, MRYHRIGAPGIRchASIeMPERaBHAIPIaTHELd &) Aifgramsier, acanAnkomBasiiasmixture

as illustrated in Figure 2, or alternatively, they may be depicted as T,c diagrams for mixtures at
constant preSSFrEQEL ML 8Y&eptually by the binodal curve in Figure 1) or P,c diagrams for

mixtures g0oegtani3polomperatiies yvheiadhrfhynhelieis useddn Sepateoarpaosit eRolodicr(s)
multjel-éomﬁ nent mixtures the compasition is designated by a series of $rgﬁositi n variables ci, where
to Y %é

i ref ShOSMRPAREHEIn RIS RRPSTSLRBE 2R niRGire© UrET R ity
denote theeongesiionNutgdnertal, the patyskcratipicneediidnctirite tierlivvaniiom it always

multi-component mixture, hut for our current purposes. of illustration, there is no generality lost by WO
2008107080 I ASBU B BEEALE BrEeD e IR P e DAL SAHRSHTINS R DETS B RO USTL of
polymer asgtarsinbietswegols chdgrolyeightziychegatomns defthtlieheamposiienthariali®mognibtheaken
to denote polymer,concentratian., If we take, by. way .of ex e, a.phase bou ry depicted by T,c at
oot AL SRR R B IR SRy L ARl BB R R SRR
follo’ing Sytermindiogyecommamorlyfusednintbkenartveeesea tdesiyo adsns adtionded conadwhete a

minimum Xﬁllﬂgn?ﬁsl%g}r%ﬂ?éwoef{m Tzﬁ&l%&ﬁ%%%}%ﬁ@'ﬁg _égﬁlggf;!g&&ﬁi.“ca' Solution

Temperature, or LC exists at a'concentration ca e critic er concentration (cent). This
binodal cu@®23vhicH\reprbsesricahientwaadhase iFlusddiegddfphbse thountirgntis miksuis dfqpoiniewhere

the single pliase polymeszalion MediHE LIS RRIIBRMMNGH RLGRABSRRUKIE RiJAdmenamer-rich

and polymer-rich phases. From Figure 1, it is apparent that for any given temperature’and pressure,

which is répesshteghselyERERYEL B T uhSabre oo dHpUIMEcOoRisoskicpr eraedse inléyetibrium
with 38e pelynatizatian medivisanehthispRARUbIM WL Ra6R AIDIoIANE-RhHIRS Babs&vill

compositions is a monomer-rich composition, and the other a polymer-rich composition (these two
compositidhyas RERFaRIdad e tempceters andmegsrare Pithe nYBmiEIRDFI§Ore 1 illustrates a

curve reprg@sofing the.aBemisaiventantiali (MRQuRf iR PinathMNbENE as ddHRUOBOhE #ention,
temperature equal tg T1 (note that a similar curve could be constructed for all other values of T). Note

also that ARG AR, Siice oo RBRARER!H! SRR UG TRBFARIIAN e Ehdmit SP PRI Fidst be
equal. At ghiemvalueR@baaRtibisieukyeoflmcassHes ather values, since these other compositions

are @%t n ﬁ)%'éqif)riunilhe 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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20 with ¢" and c". Along this .64.11 curve, there are two other special points, where the first partial
derivative of Ant with respect to composition is zero (C, AupTc = 0). This is the thermodynamic
criterium thaldsfinasigspinodal boundary, as is illustrated by the graphiGah-£esiiypigndn Figure 1.
For compositions on, or inside, the spinodal boundary, the compositions of the monomer-rich and
polymer-rich phases differ sufficiently from equilibrium to form a 25 thermodynamically unstable
two-phasssimikiutesepiehdeindsifieefanm Hgeodeantnopaut tinayihalbgiakathsothameonadpficilidgy ofhere

one of the fwo phases is dispersed,as droplets in a continuum of the other phase. Inside the
cross-hat Red SRR TG T oot s BB ROy ey SHIRE e ases
is dispersehin@conthunwgantthslptissgheasen \tih g the polter systeee ntratimmisgtheopsypsetzation
medium is igheihan est, e PANMEL3Q eMRARSS, 3 GORINUOUS B0AYAENC RONToy.
concentration in the polymerization medium iS lower than cent’, the monomer-rich phase is continuous.
In mahy echboghmarisnufdkie guerennirmreniitsr, sthade polpmehie ayissonmedlipoty iscaizitigtesptaseifload, such
that its thqmadynasie Sialk G Rohmauliaiage iianheanale Hiase eaiongulsidehe bingdal
boundary on Figure 1. The process of spinodal decomposition refers to a process by which a rapid
change inhpferaseisensteyetanO 2008/076589PCT/US2007/085365 or pressure is effected to move the
thermodynagaig stateyaf fhie, stEMRG AR RO Bashinoda andsrinadalhandaiisstom pepLinside

the spinodal boundary. For this change to be effective in producing the desired co-continuous

morpholodyopkb Hints hertaiy dHeRhBaaEHiesik BRthdehdtdR radsabatih thy iy &atberbasn-the
binogg! andspinogah henndares (cress Datchadasgd of iIBRigUie b iR nathanexghtietithe undesired

morphology does not have sufficient time to become established. The exact value of time that satisfies
this criteriGipthiidrpEnastaeniNEd eprastiy ol e ichuserpmeti i Arsatadienshinodal boundaries

may also ipgpgspictegaid piars digeams. Wil iRt RS atieNthJeMRSFAIMNIS P CORSIARA CPrIPOSItioN,
as illustrated in Figure 2, A full treatment of this concept may be found in the paper "A Low-Energy
Solvent SEFUPRIOM PORMEHE D PESSEUREARKP S PAIY BTN BRgfe.RTg vdSeiRHEe March 1983,
v. 23, No. cbnfdQly Theo@rsed enerser-hidiabasersandpeneme prichaticamtiaig gefinggtia mean a
phase or str that concentrate the. mongmers present in a stream or equipment upstream in the
procéss. THEHono PR RS e PAES SO b SN GPHRD GHRSEM s HtSird, RHRANBIE.
concentrappadh¢eponaoamaisrihfaiweria presgrhdntheoreacioner ihatsieffidentaiThResmarondditional 15
stream Iea\flins% thf: had%etsegfﬂr%tor of thtﬁeprefent distclosure .contains the monomers in a higher
concentralioh than %y é}gnpré%eaﬁ?slﬁl}he rggéfglrelélfﬁulglﬁt%g%l&]ﬁf:néllfl'yct?\rélpr%en%r?’]a Yich stféam'has at
least 10%(sapeectinrefctdaddndinmiddiquidsent dsiddmpidrephto¢tn. coHcdntratbmef thtiononediens
present in tohr{e ieg'sﬂgt?\r]lt aotrthe Gfl)(iﬁ 1%f tﬁéas ée%ﬁtorbpreg%rrabl% athll ﬁgchO‘?@ more, preferably at least 30 A
more, pref:erasb?y ate fast 389/0 orep, pre?éra%R/ at least 50% more. 20 Apngrgogously, the term
"polyiter-i¢d3phaseSohipaiypebmricirstieamfcar dodefimdgntormaam pphaseinvsirdath¢hatizoacentrates
the polymer.BIRSANhIN AT Q1L EIRANHRF LSRR NSR RS IR ROVDaliEhADAG the
phase separator of the present disclosure, for example, concentrates the monomers that were present
in the reacted pmimiteipshsto vefthrsed MO MBTONNEE-Acmeteaanit saving e thhiasécsdpabalorion the
present di 8191?%5%5961@&%&1@%% H&Mﬁﬁl%@l i aﬁgﬂg;,ggﬁgt‘ion than they are present in its
effluent. Specifically the polymer rich stream has at least 10% more polymer present as compared to
the concefP3Bbn ofiecssilipabr psrosesitantioie sefirentat thedxneniRboRaviercHreferaplicht fBast
ZOWWore%M%Q{%QMgMQ 7 Npsrorgteianlygiga@st 40% more, preferably at least 50% more.
0

Figure 4 of this disclosure further illustrates the meaning of monomer-rich and polymer-rich 30 phases

and streat3%0 Bl onesEEEEiRYS 2657085 385 OO MR R ATIRSRES VS TEME 182 thigher
a-olefin ordaighesatRiva-glelimis Hefine tbastpim APha-al FMmRAWoE (a6 i MEHE PRERIRLRIQARISbulk

[0024]Polymerization is defined to include any polymerization reaction such as Shomopolymerization
and Copolymmfgﬁ@fﬁon contains less than 30 wt %, or less than 20 wt %, or less than 10 wt %, or less

than 5 wt %, or less than 1 wt % of inert solvent or diluent. The product polymer may be
30  dissolved in the polymerization medium or may be in the form a separate 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

heterogeneous polymerization process. The polymerization process in which the polymeric
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[0025]Copolymerization is defined to include any polymerization reaction of two or more monomers.
[0026]When a polymer is referred to as comprising an olefin, the olefin present in the polymer is the

polymerized {pgmakHigsedefin. 10[0027]A catalyst system is defined to be theGegmhinatiarsof one or
more catalyst precursor compounds (also called catalysts or catalyst compounds) and one or more

activators. Any part of the catalyst system can be optionally supported on solid particles, in which case
the suppoprigladsis piadod b encatajyit sysheih pA02 8y prlyrmaoz atiatisy e isicdefie ditm 40 at
reaction system comprising mpnpomer(s).15 plus comono lus polymer lus aptional inert
ey el b fosb Nk i R s R
catalyst syBiepoisratniaysoadaoessenh sdpeliatel poiytherprpsentdis dussiondfiom lather adinpbplersts
present in the reaction system. In this regard, the palymerization system i deéi e re narrgwer than
Cuetoman I T R e DG e ue
polynferizafiont 20sysiesmthim th&wutbent Wefititiod, whéoummxiase thrasknt ith tio ipoty sebrindtoditeemtor

and in its Gflugotiz. ARMRPREAA (R AAMBRRAIARSY IR0 !%ﬁ@?c&?fﬂ%ﬁ%ﬁ?f@c@s@g%h

polymerization medium is defined to be t ffluent mixture from th lymerization system, including

unreactedthsdrdymes(s) pré&ebmohsmess)pluspolyrided) piud optionelimbensolkéniisiailaeme) plus
catalyst regidygas PASAPQRALREAE 198 (FIn Y0169 23 1REE SR SiRtedonthenuisenhe dempgrajure

and pressure of the polymerization medium will assumed to be equal to the temperature and pressure

of the polyaserbarionvsysteRt. [GOIDFPE 18R b1VKHt splucat srditrentisal vraiiRaagdasy botk

purppges pbiisdnvaRieR ARG I I8iRaiaheRoLiRErt component in the polymerization system, ie.
a component which does not undergo reaction in the polymerization system. 30[0031]The term fluid

describes [#4@ials FIOTPRIENERIY 0P YRiIETEISHE I RENEITIEPID e nBRU D are iAW dia in
their liquichefeRyRAIIGRAbSIBERI Wt olymerizations, such as for example, supercritical slurry processes,

the latter of which are performed in a supercritical fluid phase, but form a second phase
consisting of solid polymer particulates in the polymerization medium. Similarly, bulk
15 homogencous supercritical polymerization should be distinguished from bulk solution
polymerization, the latter of which is performed in a liquid as opposed to in a (supercritical) fluid
polymerization medium.
[0041] Crystallization temperature and melting temperature of the polymer are measured
using Differential Scanning Calorimetry (DSC) using a TA Instruments 2920 DSC. 10 mg of
20  molded polymer or plasticized polymer is sealed in an aluminum pan and loaded into the
instrument at room temperature. Melting data (first heat) is acquired by heating the sample to at
least 30°C above its melting temperature, typically 220°C for polypropylene, at a heating rate of
10°C/min. The sample is held for at least 5 minutes at this temperature to destroy its thermal
history. Crystallization data are acquired by cooling the sample from the melt to at least 50°C
25  below the crystallization temperature, typically -50°C for polypropylene, at a cooling rate of
20°C/min. The sample is held at this temperature for at least 5 minutes, and finally heated at
10°C/min to acquire additional melting data (second heat). The endothermic melting transition
(first and second heat) and exothermic crystallization transition are analyzed for onset of
transition and peak temperature. The melting temperatures reported are the peak melting
30 temperatures from the second heat unless otherwise specified. For polymers displaying multiple
peaks, the melting point (or melting temperature) is defined to be the peak melting temperature
(i.e., associated with the largest endothermic calorimetric response in that range of temperatures)
from the DSC melting trace; likewise, the crystallization temperature is defined to be the peak

crystallization temperature (i.c., associated with the largest exothermic calorimetric response in
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densities greater than 300 kg/m3. [0033]A homogeneous polymerization system contains all of its
components dispersed and mixed on a molecular scale. In our discussions, homogeneous
polymerizatiqQ$ysiggsase in a WO 2008/076589PCT/US2007/085365 sipgheishsmsdiase. ie. either
in a liquid or (supercritical) fluid phase. Note that our definition of the polymerization system does not
include the catalyst system, thus the catalyst system may or may not be homogeneously dissolved in
the polymeétiz atinge fSianpeihnesmofiemebo DSty ialdyadnavartegionsanithekncka SO ougradients,
but there wo Idtbe(p%) lsnt{{jdet dtigtntir}u%)us 15ticlr{a es offc?mlposhﬁ)n on a miciglrlneterr c%%e v¥ithin
the systen11l.Se p8|ymeeer|zaﬂgn sf/s & iS noﬁ%lcs)mooge sous when Itis pfartlft?gnegl?o Hior@ than one
phase, butratiadizgisaidio lyea dretedbgemegus system 100341The following abbreviations are
defined: issmethyl, .Ph is phenyl, Et is ethyl, Pr i ropyl, iPr is isopropyl, n-Pr is normal yl, Bu
S L R R R R R A S R R e L
tn-tsobutyfallymigiudroii Aeis lnvethytadleninaxame ghMedmpenrermethylthifu isaitionemytdopnis for a

CVC'Opemi@g?H%ﬁ‘&Qﬁg’ lﬁé&&‘ﬂ[‘ AR (5t gfo’tl‘grﬁé}’z%tt%ﬂ EQ&%&P@J&%#@%HH@J@‘%% Ofhe

cessation example, & continuous proce produce a’polymer would be one where the reactants
are continpeliyienrstiateprasissodesorbpdra rdORIIANS POIy melv geo dbet st po mineauligofitadravin. 15

[0036] Slusey RaluNEIAAIRRETRISAR MARMBR RANAR MRcesSHWIEh G SalithpolkmehRRIR @ 9-
granular) forms in a polymerization medium that includes at least one additional phase. The additional

phases in ¥eepsieactfzatidmimanaiion dalpipinsagwecngor vathoeng, o s9peragtdlayamgigatalyst
liquidgiquic,Rpditiddiaid Rhase(abti ihgLabdnariztion.madiinticens S Al vapar anddigeishrbases,

the polymer resides in the liquid phase. 20100371Solution polymerization refers to a polymerization

process irthaie ihh &b i i pEiaEBRS A HERIRT TR SOPEPEHFRENTARNATIBIVIAEG 3% ALiBTTTHERIBfn,
where the|gabrmiprizatonrFRadium RAIREUSRHHRIGIRIINAROPISHSI SRR RIRNTE KIRISAIVBAS, o

their blends. Solution polymerization comprises a homogeneous polymerization system. .
[0038]SupBrerdEr poﬁ?ﬁ &N FaRRrE o RPREIRIEAoR 6T (iRSte 58 it HIEH the 28y MediyBtion

medium iscih@iskpesaritreaditdichphase: AR03PABIAKjoalymenizstienyrafRisioa pO¥MeiZalionaprocess
in wzi?h the quicalonmeriéation ﬁ{st m contains less.than 40 wt % of.inert solvent or diluent.
Preferably thelSOIRSbIPMERTatiol cofiafis s THARUSE Wi, RETERL LR ARRL ofREBGhEIF 10 wt

%, or lessaforementioned polymerization process is directed to a pressure letdown device, optionally with
preheating. The pressure letdown device is located at the inlet of a fluid-liquid phase separation
vessel. The pressure letdown device rapidly reduces the pressure of the polymerization medium
to a pressure below the cloud point pressure to form a two-phase mixture comprising a polymer-

20  rich phase and a monomer-rich phase. Preferably the temperature of the polymerization medium
is above the crystallization temperature of the polymer in the polymerization medium. The
monomer-rich phase and polymer-rich phases are separated within the fluid-liquid phase
separation vessel by gravity settling, and the separated monomer-rich phase is recycled to the
polymerization system with minimal processing.

25 [0043] The monomer rich and polymer rich phases in the polymerization medium after is has
been letdown, (preferably to a pressure below the cloud point pressure and a temperature above
the crystallization temperature of the polymer (advantageously, at least 10 °C above the
crystallization temperature, or at least 20 °C above the crystallization temperature, or at least 50
°C above the crystallization temperature, or if the polymer has no crystallization temperature

30 above 80 °C, preeferably above 90 °C, preferably above 100 °C) typically have significantly
different densities. The difference between the two densities is typically 0.2 g/mL or more,
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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than 5 wt %, or less than 1 wt % of inert solvent or diluent. The product polymer may be 30 dissolved
in the polymerization medium or may be in the form a separate solid phase, as with slurry
polymerizatiqQe sy ikjs7kgggninology, a slurry polymerization medium in whicpsplid aghigggParticulates
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 heterogeneous polymerization
process. Tbhecpolifivenzalian@ioeessoinihiakchie petyoearicam! QMROUBLORHEO e thiSRO81t08b365
product is dissolved in a liqyid or. flui ase polymerization medium containin han 40wt % of
ert ot S5 BT ST B A B e A e AR L Ot el oA Ll e rdd
polymeriz&fiadvifarocess in which the polymeric product is dissolved in a liquid or fluid phase
polymerizafi edium_containing less t 40 wt % (preferably less.than 30 wt %, oy less.than 5 20
W 96, o 190 R 281 o e T L e T AT e, i SRS o
referréd toradudask wolitioh paenerizmdoncproecessnyltrepollynpetizationtiprodesydrwhichbiwe pdiymeric
product '%}%?ﬁh’%%ﬂ %e(ﬁﬂa%{ﬁf%“%'lﬁéu#% alumerizaigR mediumcanianing \essihand0 whia
(preferably fess than 30 wt%, or less than 20 wt %, or less than 10 wt %, or less than 5 wt %, or less
than 1 wt 96)f imiestuselvérihormiilbewtiwitidae refdivied td bis bulkledhesadyErectsasigperesitioal 1s
polymerizgiiop rogens,(ARRHRMAgERARYS RURRICHicRIRPIMREZaTiRM Shar it haditingyished from
heterogeneous supercritical polymerizations, such as for example, supercritical slurry processes, the
latter of wilith BreSPEpfoadedns dSifrerentidy Rildcehdbe, PgsTeion e dBeoprlyprriteieomIreHENef solid
polymer p%fﬂi%h!i QP d@é@%?@'h&fﬁ@féé@ﬁ?&&‘@@ﬁr‘éﬁe&w@!\WPJ?&% a9 asneuSeHPS iRl

polymerization should be distinguished from bulk solution polymerization, the latter of which is

performecFiAtd RQiRE RESSSPiS U P MY EEizpErarmcdiymiend dxpisaHy atiehbelewidhs pressure at the

[0041]Crysialbzati gy tampeyatdreand MalIghiampekatiite @nba oty MefodfadneRaUFREsESId a
Differential Scanning Calorimetry (DSC) using a_TA Instruments 2920 DSC. 10 mg of 20 molded
polymer oPSPRETZA gtNiter 1S &diiedd TRu Sfharmtiifgals Sharssdsd B R TsTaRSMdi¥dom

temperatusgadveftingbtiatarttigt peatsisracasirestpyheatingimnersanmale joiatpleastsdpiradbavedis]
melting temperature, typically 220C for polypropylene, at a heating rate of 10C/min. The sample is
held {f?r at a%f‘%%iﬁ%i%%%t%‘i‘i%n?ﬁ@%%ﬁe rfgoa%@%w@ Hﬁé?&gﬁ A& .é?yﬁ%lﬁ’?i;{%ﬁr&é &are
acquired Byseoalwgihe sampieciaridfientieh toaatdpast 40GRRubeawlthe afisiatizatioretaraplesature,

typically -50C for polyprqopylene, at a cooling rate.of 20C/min. The sample is,held at this temperature
o ot loa B TSR P, et AP b RS RSP ARG A U s eat)
The endotherimicingeitingf tthaisittean(firstianddseicond hedt) dihd eodghermnichcpystallizativectednsition are

analyzed fé)r anset Pf tran§itio an% eak ter’p% rature. The meltin t{a@%(laratures repo ted are the
GVQ\%% 1tza 1011 sgls cm Tt remova d? ang IS alnlngt unreacte on 1’1151'%:0 otﬁer volatile
peak melting emperatures from the second heat unless Gtherwise specified. For polymers

dispyingcomujtiplenpeaks, the melting point (or melting temperature) is defined to be the peak melting

temperatuye, (8., asSoci ith.the n rmi lQri |G respo in th .
tem peratul:(gﬂs%gf:fromﬁtﬁei;)li%}g{?J %:élt#% t@%ge&sﬁtigew&%gé%%g cqﬁg/lgetgIi%%gete%nppéﬁé%%éis%gﬁég t?é be the
peak crystaiieration of ppEratufeom éhedewonielrey withcisht apgasimertihé heiodalpeinzetivn reeponse in

WO 2008/076589BC THF200% 0R5RERIPAL A9 AhIRMAR A JRmMANE RS G srustalization trace.

Areas under the DSC curve are used to determine the heat of transition (heat of fusion, Hf, upon
melting orehedmenjstaniritonhs-1poligeerizafisallipearsny. is a bulk homogeneous supercritical

25  polymerization process (such as in the polymerization process of W02004/026921), and in
which the polymer product has propylene as its principal monomer with optional comonomers,
an example of which is supercritical polypropylene polymerization (SCPP). As will be discussed
in more detail below, the efficient separation of monomer and polymer is achieved by
advantageously utilizing the cloud point and solid-fluid phase relationships for the relevant olefin

30  or olefinic mixture; e.g. polypropylene-propylene, poly(propylene-ethylene)—propylene-cthylene,
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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[0042]This invention relates to a process for the economical separation and recovery of the 5 polymer
from the lower molecular weight components of the reaction medium for a polymerization system,
preferably thg, Bolygkgizasion system described in W02004/026921. The polymeszatingspsscess
described in W02004/026921 includes the steps of contacting, in a polymerization system, olefin
monomers having three or more carbon atoms, and optionally a wide range of olefinic and/or diolefinic
comonomeurbsayittnorecorenore netgideane aataldst datcanpopneissanandr fmoracaetialorsfand an
optional inertndirll[llj(gr-[\rt1 Qr sl%llvenﬁ, é’ir.{[ a t%m {eraelltulgg a&ml/enﬁhe solig-flau'ig ttratﬂsitiop terp1 et{artlurle of the
polymerizghoor? sﬁste?n, haal’a pr%csosuore R0 [OWer than 10'#MPa Be?owotheeéf&}'crln Som po)re SUre of the
polymerizatidnrsystemh @odekassstihordQ0abiRaviih eheffivent frontitak ipedgmerizatidnpeatiors;ases the
polymerizgtion, megium, cqntaing. the uirsacted monpmer, and optional.somonemers, any dilugpt or
solvent present, an%‘&%f e ptcﬂgmer proguct. n the current mventloﬁ), the po?ymerifaﬁon medium
leaviry thedjorenzentiomed polynaried fiompitos pedyindirettatno e pressuraslptdonrddlicd septionally
with prehegfing, I '3‘8&%{&58’# Eeslﬁgé"é{g)!é{%@ﬁf‘cﬁ lﬁﬁétﬁﬁaé‘é, e dnigh %f}ﬁs@‘ﬂﬁhgﬁ%ﬁdp&aﬁﬁiéﬂﬂﬁﬁﬂt'on
vessel. The pressure letdown device rapidly reduces the pressure of the polymerization medium to a

pressure weiwrenel biolosy pamequiessigishiocforieactiioep Hipseohireuza comipeiding mpoppiien oalyich
phase andia MERAMAr#HER RS S RIe TR AR hE{GMBLAN S RGP ANRAEZAIRRMEHINR i§ gbove

the crystallization temperature of the polymer in the polymerization medium. The monomer-rich phase
and polynfensriHIpes et HrdosdharateceiftHia BeE MAUCRINENSHESE the PaFsMSHAASISNIS Y lrA vigy

settling, _a'agnttlaﬁ %‘%ﬂ@f@%ﬁ@@@@%&r iGhPhRAE I Wﬁ%é%tb&lﬁ%@@ﬂéﬁ%mﬁ%%tﬁﬂbWH&[ 'THnim"j}'
processm%é?’ 0043§The monomer rich andagolymer rich phases in the polymerization medium after is

has been /3Ppeirabhe tBracpre SseiaasbiowRHel e RILd J55itt PrasatralizhatePte Mp&rettisiibove
the crystallizationdempreraiee ol he pohmmendaduningensteat vl Ll Gaheveihesery saligation

temperature, or at least 20 C above the crystallization temperature, or at least 50 C above the

crystallizatin t8HIoRITHLPESSSIi¢-tRE! SR TEP Wtk R EryS il ARt HahGBRAHECSP A H B g T
preeferablycabsive §Qsulprgfenaily RpoMecOBrG) typipallychauasigniticenily difgrgnidansitesicihe
differgnce between the two densities is typically 0 2 g/mL or more, alterpatively 0.3 g/mL of more, or
0.4 gitnL SPAErE"Sr B Ifi?}}sf%Pé{l%‘?ﬁ)ﬁéli%{hii’sg%%rem@?e?fﬁ%?ﬁ%&ﬁ f%%tw&dﬁﬁ%ﬁfﬁna@-ﬁ[a%r is
kept in solfiticniquidelismusidtavinglthftersxiiagdhe phake isepakatiqnaesselttlihg guelerddigned
embodient, .g[tﬁe ressu e.in the reacéor S? in a,[t teast e WO 008/076589tPCT/ Sé(?O%/(%\%S%?
reactor if r%vbres#w} 'Ohe reactdr 18 ihude) 8°be gécr%‘?[/}arﬁ%ri MPE AiGhEr tRah the PreSstivdin the
separatiornnvéSfeh(sucts asthieiighipe ssore pepardiyr hopwetardbind 3 amdnieh) Ra dinch2igand b0
MPa [0044]ln one embaodiment of the process, the palymerization syste hi referably 5 includes
o mert sohasT I Sl I e TR MR L e SR R o
températupbasé thi@ o blyms&rizdtibe mbdivnicinghasatpre sssnal abb Vi the aimlcvpdintvyeressueaesofghe
polymerizati [ I8 S - ization ium. s, di [ i ting to
he press e
reduces tﬁﬂlpﬂ@mq@l&amm polypeesigdtioithadigibin, qmypieénng ofdicof nyFericho rpnimﬁr .
(preferablyMalses ar RIGRADni0RA S SHEBCIAY RS RuIRaTLPESRMEH! e RANRE Fgion

medium (and typically also below the pressure at the spinodal boundary), to form a t\(vo-phas’e mixture
comprisin&%b@fﬁ/ﬁfeﬁhﬁéhoﬁﬁﬁ%'ﬂﬁ'@ phaseierhyrienthh aebmesizatine deed stistemt va thayidfpatecof
pressgre | BnghermoreeisHsh PSRN SR PHESRSVAR 665y SEPARIRR IR the

fluid-liquid phase separation vessel 15 by gravity settling, and the separated monomer-rich phase is

recycled tBTESSoN BRI P RSt EHRIHAP 8 EalsBM IWETEHAsesP Bt EMF I Rad 8 Xd8ling of

the streanmy seRaayal-ef-2APRRYIMLLs Gy dherstisaiidenova aiany dpvionelasplar yyeighitpplymer
that precipitates, and/or. drying of the stream over a desiccant bed. The palymer-rich phase is directed

to a devolQRSHIIR SORALHRTS QP HErAbLIARESH AN rek iR eS8 MBIOBRE L oPRs iRRHe 20

componentsdiQRApdF paHicuWahise ipsasses shiksiosed herein provide an effective pathway for
sep @tion of polymer from the low molecular weight components of the polymerization medium and
recycle of the low molecular weight components in a monomer-rich recycle stream for embodiments
where the A0 PDIMTEOXEOCTONDERS A IS PROUKERSRDFEReous supercritical

[0047] A heating step (see section below), which may include exchange of heat with the
monomer-rich phase (i.c. heat integration — sec 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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25 polymerization process (such as in the polymerization process of W02004/026921), and in which
the polymer product has propylene as its principal monomer with optional comonomers, an example of
which is supgyeigalopgdypropylene polymerization (SCPP). As will be discpssasigonpgdetail below,
the efficient separation of monomer and polymer is achieved by advantageously utilizing the cloud

point and solid-fluid phase relationships for the relevant olefin 30 or olefinic mixture; e.g.
polypropyldae: pispytenef pelitsidpenduwihylaine piprepydpneteinylesd, @tco vuktédre hiflQA6dbnra
preferred embodiment, this invention relates to a process for,separating the polymerization medium
el e AT o e R e SRR R S
monomericksplraselacnid@ pohrueflaidcbmphasévandiidr the WEiRE08/Pr&SB8RP RS20 CTBEB65
subsequent feeauenyaf s RONMSrIn Adenglatzaionprassss andferesecuslo Shhe hae
monomer-ne phase in an economical and efficient manner back to'the polymerization proc%ss with
mininfal praoessing;tlhdrgbyeachidvingsshe Iowasyprabiit airingdsthnenoardiopefaiingreosts forigh
commercighgr&olementation of the afore-mentioned polymerization process. The 5 polymerization
medium derived from this polymerization process is in a supercritical fluid state, and may consist of a

single sup048itical flusdtplysiskilong tep phdseutard-talaver fithds-liventiniztude. it @ nowna olee itir
weight comRanenty o ibe PRYMEIFAIRR MeHINE ey canign only the unreacted monomers of the

polymerization, or may optionally include an'inert solvent at a concentration of up to 40 wt %, and the

polymer cHfhBnentohieossn ey atisanmediiirused bidovoritaimeiireransgRbsIpaicesrigdslend of
two @ Mofs RRYRISF Sk 38 ROSR HiRAQse i WAZAAMSIER Ly Th8-BEerassHrelsralyasrasists of

a series of sequential steps: (a) Reduction of the pressure of the polymerization medium via a

pressure rOAUERE b REN LR J8aYe teRRRlFS Kolld sffficpPeRRIRSTHistnTgHY elSotigiHdy &old full or
partial vapagizatiavaidharponarepet ichhasRaaing ipdhe fagmalipn ebaiBNO RNAsesRixikIEE - a

lower density monomer-rich 15 phase, and a higher density polymer-rich phase; (b) Transfer of the two
phase fluit ARG tReY ARt eaving the pressure reducing device into a gravity settling

device desigsep withissiffigientisizedaopromiteh ifficiant { tpigativuro fertbarLR@dRInbtemprotacably

between 1 and 30 minutes) residence time, more preferably between 1 and 15 minutes, to disengage
and L3 hE RE pIRSRE 5?8%61%)}@“(&%‘1%8rﬁ%\;Yﬁléﬁliﬁ{’é?Eeiyéﬁwiﬁ?&toTﬁlfaW( DI 20

phase); (cyithakséekaittpetpaly mérdtich phasemiea peisaadeiof flasbipesselsrudthiey endleateasitig

pressure to progressively remove remajni onomers and solvent from the polymer-rich phase.
These veégci,heglsse gpaoﬁl 680(%1&;%58 Saeﬁelf‘é nah%%ﬁ'r?oorr%%rg o?tﬁﬁqgr no#l tfiem may heat the polymer solution
with a heating medium to reduce the residual volatiles content of the polymer; (d) Recycle of the

monomerﬁ@%ﬁ&ﬁ%@dﬁ#%&%{@%@ﬁ%@% system without further 25 processing. This

series of steps encompasses a 4/02691 polymerization process, and includes
only2fe nlifidm nBhabersep steps récuiredttue exoe r pommd fiahd raticleriie fmosoitresrishgbase.
These ste ifie ddi ' t - icting 0 i ifj .optimal
B T R e R SR R U R
discussedstladdiBonxbOIT | FReOFO BT IONAIPRE CRISISTERS [0047 hbe aimdosiap {dwatsection
below), whichfRayiipgliide 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 seg8Pa8bn fr&ntakipRp AL 00BYE 5890 b/ Sditiod/ basdeonplbe diipaneaph d¢fvingside, the
fluidJiguid,phase seRRraianasaR! (aliegallediBIRighRGSSHR RBPANIOHRLELRS krandh AlRQIgh

enough such that when the pressure is reduced across the pressure reducing device (letdown valve),
that there RSGSRIGNSFEREE @ RTEFE WHEHTSR N P8PRRNY Sr AN R AR SPRRRIBR HERRIASHRS Ars)-

monomer-Tigh BhaseRNARRAYVUIGRPARSehe cloud point pressure with the spinodal boundary
pressure, and then subsequent modifications could narrow the range by setting maximums
progressively lower than the spinodal boundary, and minimums progressively higher than the

30  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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5 can occur at a high enough pressure to prevent full or partial vaporization of the monomer-rich
phase. [0048]A catalyst killing step as discussed below. This would include the optional use of
desiccant dryingBhdhessaenomer-rich phase recycle stream. 100491A hydg@gadsaipaakeiep, as
discussed below, i.e. may comprise, but is not restricted 10 to, single or multiple stage flash vessels,
fractionation towers, or hydrogenation beds. Treatment for removal of hydrogen may be applied to the
entire morneesa|-richTiecysieostipainddr docinaianies ke taihec igdphgen sgaatiah regoikemestmpermit,

to only a pnqrtécl)ﬁ%a?r slip-strt()eoe%m { f the monomer-rich rgé:%(ae stream. Oféogr%é)gpl]igqa?f tOhF CessUre
P r- 15 rich p ase-%emp%af&e

0 10NnS° on €. S¢ ation _pressure CSCT1DC
monomer-ric 556104 temperaturgafror cases where the monome
exceeds thatuwfithe pplyheernzatior systermfeddyibEhjsanaybimabrhbioed wikthckbeokbutqotpmpditration

to remove polymer.that precipitates from the monomer-rich phase upon cooling. See section below for
more detei S R R PRI O R I BT OB NS DS e S Anan
températudeveculeh¢hmodifieds patticulaelirfonsysteohshehbt® optidnal heating is employed, so a
lemperalEaTUPRLABHELRE SPIARCMI hebeRITA IR AdUNRR ABPHE, TURHEIRR
narrowing the temperature range when employing a heater is outlined below. [0052]Phase separation
pressure cothigbbanvdifiet riaies torihheopartipaboisdeinidyranse® bphisparasige bEriaen tealiighest
possible PIGESHIP(FipyD PRIRICRBSLEE vB R PURSHAOSHIDlERRESSHIRRrSESHEMIRIC fuhOr
partial vaporization of the monomer-rich phase occurs). The first modification would replace the cloud
point pres&@r%‘(ﬁﬁﬁ?]t-he spinodal boundary pressure, and then subsequent modifications could narrow
the rggmge by setting maximums progressively lower than the spinodal boundary, and minimums

progressively higher than the 30 vig)or ressure (full or partial vaporization of the monomer-rich
phase). T RAdpHY ¥e G §BI'EQ%%W) %@Wﬁﬁ@%%@q}%ure is to minimize the

total cost %MﬂdUCtTﬁ@Oy&%%@f%dﬁ&ﬁ‘oﬂi!&fnﬂﬁh fhagevece systamuntdighen Pseruiesdaiss the
cost of product recov%t[y (more monomer to flash off), but lower the cost.of monomer-rich phase
c

recycle - IESSYSHRRPIGRESINHE RBSE 19076 STEBCARITB?I08536% 108 31 FhE iy P
spinodal dagemradsitigirenhancing phase separation involves setting modifications on both the
separation pressure (as described above) and the rate of pressure reduction by the pressure reducing
devids, asBlthed DEOROTREHANER: %Féﬁwoa%ﬂl ol %‘ithﬂ‘f&f{Fég?é?la}Qé??d&asméﬂfn‘F’h‘i’ Ctwo
phases daiwngtgam gflihecpiessupgladuiihgpdbgevicevand Hrupydavingslio prmdivastioanneosi of the

HPS Vessgrl'eater than 50 mole %). In a preferred embodiment, low density (0.915 g/cm’ or less) polymers

that cannot be made in bulk liquid slurry processes are produced herein.

[0057] The polymerization medium could be further modified to a thermodynamic state of a
20  single phase supercritical fluid. Combining these three modifications gives you the a particularly

preferred embodiment associated with SCPP, which could be combined with modifications on

phase separation temperature and pressure to give very precise control.

Catalyst Systems
25  [0058] The processes described herein may use any polymerization catalysts (also called a

catalyst system (i.e. a catalyst compound (also referred to as a catalyst precursor) and an activator
with optional co-activator and/or scavenger)) capable of polymerizing the monomers disclosed
herein if that catalyst system is sufficiently active under the polymerization conditions disclosed
herein. Thus, Group-3-10 transition metals may form suitable polymerization catalysts. A
30  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.

35  Useful non-coordinating anions include trimethylammonium tetrakis(pentafluorophenyl)borate,
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[0054]The difference in density of the monomer-rich and polymer-rich phases is discussed in section
below, as it relates to the separation pressure. A range of phase density difference could selected with

the claimed Regsiishgipgdaster settling and savings in the investment costgefthR JiRassssel. 10
RESTRICTION OF COMPOSITION OF POLYMERIZATION MEDIUM [0055]The polymerization

medium could be modified around inert solvent content. However, preferably there is no solvent, i.e.
where theyOlydnectsyiambhition in a mpiktkikehtafieaciedinhnomeisrif{0056] Tiehpojytaidaation
medium could be furthe moa'fied arou WIy ertype,.where tf%e esjted pglymer is prop =rich
poymer, A BB SRS G IKE B alRa S B e T e R ey hOu i arcpenn
embodimeriploxagsnsity {0.84taigidnid or tesshpeiyinens that foarmetipe nmskieiN dhdk Gopior stiomy

processes, e, pdCat ASTAIBORTIThA pobrRrizglenanestum otk be hrther madind o &
thermodynamic state of a smgffa pHase supercritical fluid. orﬁ]‘giningt ese three modifications
gives you thenapaticuleriyiprefored @mbodiceertiagsuriatetwithc S@RES, which coulbibgicosnkified

with modifigalons anARaRE SEBRIAANJSMAPIRINAACIATEERNE 1o A YEILARGRG Sl Catalyst

Systems 25[0058|The processes described herein may use any polymerization catalysts (also called
a catalyst K@M (i.Wherardizene shmsount (b yeRstratdon eandidenalympeacuesselraerizaietivator
with optioRal ¢A:-ACRIPTANHQL SGaRNB8E CanaR/a LTRANSIREZI% IDesMOBRMEES AissIesed erein if
that catalyst system is sufficiently active under the polymerization conditions disclosed herein. Thus,
Group-3-19HanNisn Mstake iy 18 gutabld pblyrFERR ISt ol it aRRiENA Iz g U REMIE Nefignder

polymgerization&ataly trmBay nshwit pgiabigdQ coRidinRIS L0 251 0thenyisR AAsi RGN tRa @ alkenyl
unsaturation. Exemplary, but not limiting, olefin polymerization catalyst compounds include Ziegler
Natta catal§EtRWRISAIR d§9$ﬁ@ﬂéﬂ@é§%é“cgtély§?%yrﬁ%dﬁé@7a?ﬁf éﬂ%ﬂé&&ﬂ%@éﬁ% whishate

compoundr&xXenoptpeyRid Berfiniting activators include alumoxanes, such as methylalumoxane and
ionizing activators such as non-coordinating anions. 35Useful non-coordinating anions include

trimethylafi9GhiumEsiked senba oL R oS unds2nd epBE s PRs LB FAISL BB 85365
N,N-dimetiytniiniagetelbkisfagatasiugropberndiiorede triphenyidatbenifired catalyst compounds

ety cgp e Onere g N el ey plep ORI Rt |
include metbjalciroxan®: NiviAQHA, IWIAR:EZ) anduBdAssel RstCbanpiragicps §§0135] pages 77-

78 of WO 2004/026921. Another group of catalyst compounds and activators (e.g. catalyst
systems comprising one or more activators and one or more nonmetallocene metal-centered,
heteroaryl ligand catalyst compounds, where the metal is chosen from the Group 4, 5, 6, the

20  lanthanide series, or the actinide series of the Periodic Table of the Elements) useful herein are
disclosed in 11/714, 546, filed March 6, 2007. Such catalyst compounds are also described in
more detail in WO03/040095, WO 03/040201; WO 03/040202; WO 03/040233; WO 03/040442;
and US 7,087,690.
[0061] Further catalyst compounds and systems useful herein include those disclosed in:US

25  6,897,276; US 7,091,292; WO 2006/066126; Nonconventional catalysts for isotactic propene
polymerization in solution developed by using high-throughput-screening technologies,
Boussie, Thomas R.; et al. Angewandte Chemie, International Edition (2006), 45(20), 3278-
3283.
[0062] Particularly useful catalysts include: rac-dimethylsilyl-bis-(5,6,7,8-tetrahydro-5,5,8,8-

30 tetramethyl-2-methyl-1H-benz(f)indene)hafnium dimethyl;
dimethylsilyl(tetramethylcyclopentadienyl)(dodecylamido)titanium  dimethyl; 1,  1'-bis(4-
triethylsilylphenyl)methylene-(cyclopentadienyl)(2,7-di-tertiary-butyl-9-fluorenyl)hafnium
dimethyl; dimethylsilylbis(indenyl)hafnium dimethyl;
dimethylsilylbis(tetrahydroindenyl)zirconium dichloride; dimethylsilyl bis(2-methylindenyl)
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5alumoxanes, combinations of non-coordinating anion activators, and combinations of alumoxanes
and non-coordinating anion activators can be used in the practice of this invention. [0059]When
utilizing supegehitiged pghggrerization conditions, homogenous polymerizatiop Ga{ahtstsesysh as
metallocene based catalysts and other single site homogenous catalyst compounds may be
advantageous.For example, when polymerizing propylene under 10supercritical conditions, particularly
useful metattecena @malyﬁ'ﬂandimﬂry\tﬁtﬂlIb@%@ﬁ@lﬁﬁb@tﬂpmﬁiﬁm ti’ildﬂerdisplamdliyliim.
Serial No. 10(?667 ESFFa.?d US 934%4 VI\{IhICh arg P’h rein incor. lr ref%re ce..
100601Prétefred cat ng va¥ comp?co)ur%1 S and'com ’atlonsn%ﬁ sefdf ereln zilrcsllsted

at pages 2ih¢oypaden8h of Wenid604402682de; Pdﬂhe&l&t&jﬂyireﬁex@dth@tdyﬁtmmmeuylﬂs Aiscanseiul
herein are | list t pag 2 line 4.0f WO 2004/026 eferred
activator cor?wlgogﬁ%ds u(s%e u (—:'%ﬁa n mpi?l%bl I?gé% Ig?lpa(?:ea{l 4r1 phTHﬁ%‘lg?l pagce?s%% 8 of Wg)
2004/@269®1h€AMMh§W@@ﬁpyofmmm@mdbfﬂ)wnd@b)ndlaﬁﬂuwmtorhmetgylcatalymfsyst@mb'vomksqang
one or Mot & %%ﬂ&t@%g}gtglfg ‘é{g 8’1‘8{& @%8??9?31“%@1{%%[1%%‘8%@%{?E%ﬂ{é/& liggnd catalyst

compounds, where osenfom the Group 4, 5, 6, the 20 lanthanide series, or the
actinide sé9R63bf th&4pieeidality Tabkefof thenEtdlneins) usafuiouadsin anéludscloéé@zﬁarb_m@ﬂ%&tﬁ filed

March 6, %9&%%}@3 C@E@Y@k%@%?%?ﬂ; w&&d«ﬁ%@%‘?@ “il'ﬁT‘%r BFEWQ%(Q&

03/040201; WO 03/040202; WO 03/0 O 03/040442; and u 87 690. [0061]Furt o catalyst
compounds Hﬁdzéy@&&hsaeée?ﬁﬂ%ﬂth&%ma@lﬁ%ﬁmcﬂmﬁ]@91215@%917 2¥ertiggdarlpgscidn: wo

2006/§66 1x&aNRBFON @M AAAIEIOr RRIGRYERYPBRIE: i%@{)imer'l%l%ﬁﬂﬁﬁ%ﬂmﬁ@d{ﬁlﬁﬁed by

using high-throughput-screening technologies, Bou55|e Thomas R.; et al. Angevvandte Chemie,

InternatioddNEton (2606), ABeblaidols. 39mmethploBoPaataK). usertGatatistoelutsny)-

rac-dimethydgifyirisconiind 8- Eﬁ%ﬁ%t}wiro foP.8.8cBRride),  dimethylsilyl-bis(2-methyl,  4-naphthyl-
tetramethyl1-2-methyl-1H-benzfflindene)hafniumdimeth

dimethylsiPATBHAAERNAC) Hapetidd %ﬂﬁ%&é&%&ﬁﬁd%‘mﬁww&h%mhﬁb%@ 5'-di-t-butyl-

triethylsilylppenyOmetyonrrdmiclapentanie wdLitsidertiary-butyl-9-fluorenyl)hafnium dimethyl;

oI R ot R S S BERSRRRD LB

(preferably  a on  coordinating  anion  such  as trimethylammonium
tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium tetrakis(pentafluorophenyl) borate,
triphenylcarbenium tetra(perfluorophenyl)borate, or N,N-dimethylanilinium

tetra(perfluorophenyl)borate) and a catalyst compound represented by the formula:

Rll

20 RIO
where M is selected from titanium, zirconium, hafnium, vanadium, niobium, tantalum,

chromium, molybdenum, or tungsten (preferably zirconium and or hafnium);
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WO 2008/076589PCT/US2007/085365 zirconium dichloride; dimethylsilyl bis(2-methylfluorenyl)
zirconium dichloride; dimethylsilyl bis(2-methyl-5,7-propylindenyl) zirconium dichloride; dimethylsilyl
bis(2-methylygy phigiysisdenyl) zirconium dichloride; dimethylsilyl bis(2-ethydqaoRbhRPx4Es8NY!)
zirconium dichloride; dimethylsilyl bis(2-methyl-4-phenylindenyl) zirconium dichloride; and
5diphenylmethylene(cyclopentadienyl)(fluoroenyl) hafnium dimethyl.Useful catalyst also include thc
dialkyl (sugh agidifhstbydanalpg: fiaoxaf ihe Q@@@Q&@@@B{ﬁtﬁﬁ%%% apave des3iRarticyasly
useful mctallocene compounds include Me2Si-bis(2-R,4-Phl- indenyl)MX2, where R is an alkyl group

(such as rhethy)2BpYs2EEy (orusEtEodRsh Snl Wizl Zro8pssiCartd v lsea ) fyes Srdikyl

group (sughasyCLRupehyl:, Patismiarirsisaiut 1omeiaiesone-6emporads iRairéyl groups, OH
dimethylsilyl-bis(2-methyl, 4-phenyl-indenyl)zirconium i . .

dimethy| (GHACRTSHE QeI LT Uty T 400s BatRtaRRYRRHENHRSHREY B i UnPiihethy 1
(or di gh lary@lepatimethyisitybhisiZRisthytodpd aphfbidneeyaairersddrbytimethyltsradichlands), and
dimethylsilyl-bis(2-methyl, 4-(3',5'-di-t-butylnaphthyl)-indenyOzirconium dimethyl (or dichloride).

15[0064]Ihracipefelr&d erdfodiraantaling segarssmsistba eigstionarein didprisdsaastdetidator
(preferably, a gon, cogrdinating-anied SHeh AL RERKIARMP R felrakisirentafiuaraphamd)berate,

N,N-dimethylanilinium tetrakis(pentafluorophenyl) borate, triphenylcarbenium

tetra(perfllidiegsnatsdons orhalogsries| abim earapBmifritng totagstrdors pHeAlARsBRES 2B dREPERRaly st
compoundtep[esrneshxdhs-farmules R0 aldngredMsple cted o Matiatiuid ZikCanhBghafiiym,

vanadium, niobium, tantalum, chromium, molybdenum, or tungsten {preferablcy zirconium and or
hafni]LPm); arylalkyl groups, C;-C4 halogenated or unhalogenated alkylaryl groups, Cs-Cso halogenated or

unhalogenated arylalkenyl groups, -NR", -SR', -OR’, -OSiR'; or -PR'; radicals in which R’ is one

of a halogen atom, a C,-C, alkyl group, or a C¢-C,g aryl group; or two or more adjacent radicals

5 7 . . . .
R to R together with the atoms connecting them can form one or more rings (preferably R® is

and R'? can form one or more saturated or

methyl, ethyl or butyl), and adjacent radicals R
15 aromatic rings (preferably R'' and R' combine with the phenyl ring to form a substituted or
unsubstituted naphthyl group);

R" is selected from:

R14 R4 R4 R14

B R

||q15 |Iq15 ||R15 ||q15

R4 R16 R 14 R14 R4 R4
M—C- oM —C—C—0—
||Q15 ||Q16 F|i15 |:|315 |:|315 ||q15

-B(R")-, -AI(R")-, -Ge-, -Sn-, -O-, -S-, -SO-, -SO»-, -N(R'*)-, -CO-, -P(R'*)- -P(O)R")-, -
20  B(NR"R")- and -B[N(SiR"R"R'%),]-, R", R and R'® are each independently selected from
hydrogen, halogen, C;-C,y alkyl groups, Cs-C;¢ aryl groups, C,-C,¢ alkoxy groups, C,-Cy
alkenyl groups, C7-Cyo arylalkyl groups, Cs-Cyo arylalkenyl groups and C;-Cyq 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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WO 2008/076589PCT/US2007/085365 12 R and R are identical or different and are selected from
hydrogen atoms, CI-C10 alkyl groups, Ci-Cio alkoxy groups, C6-C10 aryl groups, C6-C10 aryloxy
groups, C2-Gioalkanvkeyoups, C2-C40 alkenyl groups, C2-C40 arylalkyl gpeupssfadhd9salkylaryl
groups, C8-C40 arylalkenyl groups, OH groups or halogen atoms; or conjugated dienes that are
optionally substituted with one or more 5hydrocarbyl, tri(hydrocarbyesilyl groups or hydrocarbyl
trithydrocarbyl)silylhydrocarbyl groups (preferably R1 ghtl R2 are an alkyl such as methyl or ethyl or
are a halide such as chloride); 1211-R1-2 are thg samg or diffegent and are selected from hydrogen
atoms, halogen atoms, C1-C10 halogenated oRughalggenatd alkyl groups, C6-C10 halogenated or

halogenated or unhalogenated 10arylalkyl Qrt(;ups S A4Q_halggenated or unhalogenated alkylaryl
groups, C8-C40 halogenated or unhalogenategarylaljenyl groups, -NR'2, -SR', -OW, -0Si1243 or
-PR2 radicals in which R is one of a halogep-atory,_a&-CJloRalkyl group, or a C5-C10 aryl group; or
two or more adjacent radicals 5 R to R together wit hitoms connecting them can form one or more
rings (preferably R4 is methyl, ethyl or butyl), and asigcent radicals RH and R42 can form one or more
saturated or 15aromatic rings (preferably R11Rand 124-2 confbine with the phenyl ring to form a
substituted or unsubstituted naphthyl group); R'4 is sefgéted from: R14R14 R14R14 1111 -m,--m3-
m3--0-m3-0- 1111 R1:7L5R15 R15R15

. 24 1 2 . . 17 24
wherein R to R are as defined for R and R, or two or more adjacent radicals R to R

including R” and R21, together with the atoms connecting them form one or more rings; M 18
carbon, silicon, germanium, or tin (preferably R is dimethyl silyl or diphenylsilyl).

5 [0065] The molar ratio of catalyst/activator employed preferably ranges from 1:10,000 to
100:1, more preferably from 1:5000 to 10:1, most preferably from 1:100 to 1:1. In one
embodiment the cocatalyst can be used in combination with a trithydrocarbyl)aluminum
compound having from 1 to 10 carbons in each hydrocarbyl group. Mixtures of activating
cocatalysts may also be employed. It is possible to employ these aluminum compounds for their

10  beneficial ability to scavenge impurities such as oxygen, water, and aldehydes from the
polymerization mixture. Preferred aluminum compounds include trialkyl aluminum compounds
having from 1 to 6 carbons in each alkyl group, especially those wherein the alkyl groups are
methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, pentyl, neopentyl or isopentyl. The molar ratio
of metal complex to aluminum compound is preferably from 1:10,000 to 100:1, more preferably

15  from 1:1000 to 10:1, most preferably from 1:500 to 1:1. A most preferred borane activating
cocatalyst comprises a strong Lewis acid, especially tris(pentafluorophenyl)borane. In another
embodiment, two catalyst compounds are combined with at least one activator and a co-activator
such as diethyl zinc or triethylaluminum.

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

20  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

25  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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R14 R16R14R14 R14 R14 11111 - C - C - C - 111 R15 R16R15R15 R15 R15 -B(1214)-, -Al(R14)-,
-Ge-, -Sn , 0, 5, SO-, -S02-, -N(R14)-, -CO-, -P(R14)- -P(0)(R14)-, - 20 B(NR14124-4)- and
-B[N(SIRIAR 1R IR F6R44, Rls and R16 are each independently selectedp{remdiyshaeaes halogen,
CI-C20 alkyl groups, C5-C30 aryl groups, CI-Cm alkoxy groups, C2-C20 alkenyl groups, C2-C40
arylalkyl groups, C8-C40 arylalkenyl groups and C2-C40 alkylaryl groups, or 121-4 and 121-5,
together M@hﬁaé@eﬁ‘:{ﬁa)ymmihgeﬂﬁemaﬁom arringliarch e L Rsgtdgniehfederably agstroalesitison,

germaniu orR |(s represen de Ihe faglrlrtlgla %)C(JGZGOO(E)BC/PJ@S%EOJYF’(C):YE/GLI{S §7 0853 ﬁ&rg
1724121 erelnrﬁoflo are Bs dsfine “to Or moré aajacen tals 'R%

including R@&mrﬂ F&ixet&geﬂammmhmmmmmémhﬁmn@mhdm ﬂmcmlopenmdmme pimd) sthivl Jiise.

carbon, sr ermanru ort é r feraply R13 is dimeth Isrl | or

also < S01e-COmonomer or as gel %lSI I) %LO% éTheS molar
ratio of catallys% activator emp oye prefera%ly rangesefrr 606 ]Z‘LE'O{JB1 more pre era ynﬁom

1:5009 to moladenesbpmefdiaisiyhfrordidn¢.Ogutadicde, Incmdeeembodnneﬁtdhéébat@&}ymmnbwdmu in
combinatigp \ gpcadf&@ydrocarbyl)alumrnum compound having from 1 to 10 carbons in each
hydrocarbyl g?/ roup. Mixtures of activating cocatalysts may also be employed. It is possible to employ

these alurtif6®h cortpeurdsiierigatin mddanefielathabiignemstavemgaomgsritiely siisnad dilygen,
water, and,aldehydes fIamdne RISz aion SRiHES RiGisHEH @&H‘WiC%‘PO&W&{HSH&?&”a'kV'

aluminum compotinds having from | to 6 carbons in each alkyl group, especially those wherein the
alkyl groud dHEcnsempTiitRY Rt Jrapl LISoptBYRTACh U EGSEbligM SERtonThdupeiy hersasperi§icThe

molafyatiqQf.metal ¢Rm f&%@n@tqmm%lﬁﬁéﬂ%%}{é ispRrefrraRl frontobd. 099 iA00d4 meso
preferably 15 from 1:1000 to 10:1, most referab% from 1:500 to 1:1. A most preferred borane

activating Soustandietshniisad G4{aAR0 ehidialsins dpevdny Bl |5kt anRIBORSHSITERE 1iis
another emgimemntoivo eAtaluabceasm are cRmbingdnyithoablaast fle.aelbvataEand @ring

co-activator such as dlethyl zinc or trrethyla uminum. [0066]The catal}/st systems or any of their

componerﬁ‘se [FaSIPHereht eﬁ% rfgogreater monomer (preferably propylene) is present at 40

weight % or more (based upon the weight of the monomers and comonomers in entering the
15  reactor [or alternatively at 40 wt % or more based upon the weight of the polymerization
system]), and the comonoemrs are present at from 0 to 50 mole % comonomer (preferably 1 to
45 mole %) (based upon the combined monomer and comonomer feeds, , provided that if the
comonomer is ethylene it is present at 0.5 to 20 mole %.) [or alternatively at 0 to 50 wt %, based
upon the weight of the polymerization system, provided that if the comonomer is ethylene it is
20  present at 0.5 to 20 wt%.], or alternately at 1 to 50 wt% based upon the weight of the monomers
and comonomers in entering the reactor, provided that if the comonomer is ethylene it is present
at 0.5 to 20 wt%.
[0069]  The process of the present invention can use one or more catalysts in any number of
reactors in series or in parallel. Any number of catalysts can be deployed in any of the reactors
25  of the polymerization reactor section of the present invention. For practical reasons, no more
than five catalysts are preferred and no more than three catalysts are more preferred in any given
reactor. The process of the present invention can use the same or different catalysts or catalyst
mixtures in the different individual reactors of the reactor section of the present invention. For
practical reasons, the deployment of no more than ten catalysts is preferred and the deployment
30 of no more than six catalysts is more preferred in the polymerization process of the present
invention.
[0070] The catalysts deployed in the process of the present invention can be homogeneously
dissolved in the polymerization medium or can form a heterogeneous solid phase in the reactor.

Operations with homogeneously dissolved catalysts are preferred. When the catalyst is present
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20 typically on an organic or inorganic support. Suitable supports include silicas, aluminas, clays,
zeolites, magnesium chloride, polyethyleneglycols, polystyrenes, polyesters, polyamides, peptides and

the like. Poly{jAgHgoslepRabts may be cross-linked or not. Preferred supportsRgiyéssilisasand fumed
silica. [0067]The process described herein is typically used to prepare polymers of C3 or greater 25

olefins, such as propylene based polymers. Preferred polymers include polypropylene having from 0 to
50 mole Yacorotidgmes (preie pabiyntontdd kadbrniolefd qyepeoately dramsipi@i&dmoledprqurstasébly
from 2 to 10 mole%),.where the colrlr;gna%m%rorirslbsglﬁl]%tedotfr%n th%rgeré)uUpahchL 'eYVr% encous catal
2008/076589BCTUSB607/085365 cons%tlng of Bt ylfene ar%olgnear, rancrl%e(? ogcyc(flc o780 8%0
olefins, prefierdtahcalphamisiinsiPoatemechaenod nbeners vntlaide atloyienet Houte lynhexanen actene,
norborneneg, 3,5,5,-trimethyl hexepe-1 . styrene, paramethylstyrene, 4-methylpentene-1, . .
Cicyelopen it St BrEie o P SRR SR 5 HIOPSR 05 Lot one
tetra-mononeertssfulgdienes Gindjutenddreroriendchexadiens, titthoie nendttachesky, or any other
C4 to C30 ey, branehiedar ypie ey 0RGEIERS BaMTe et BREMM BB IORACng

comonomers, solvents and diluents preferably comprises from 55-100 wt % propylene monomer; from
0 to 45 wtlsapgeaorme sairlzstmienley abmphisipe unesastionsceoivrosstiay selbetpgomnatjiene,

butene, hepiene, QB RRHHRACEHEPEs eHRENHRRS ImIGYCIaPRIAGIENR e NPIROINE PGy G OO

a-olefins, C4-C2000 a,internal-diolefins, and C4-C2000 a,cu-diolefins, provided that if the comomoner
is ethylenéGgnarpresdsh sOTS A G o iRk Aip axud thapwrseaiight Smher Ao Ay ghdeployed

comepomerSIRNtRHRG:herraRCiRbk Mltermaiantha CBOL e BRNAMRILLTRtabbiREPRYENS) is

present at 40 weight % or more (based upon the weight of the monomers and comonomers in entering
the 15 reatthiesf RSPy TR Be PR BrE A SEB RperntrasHdiyhbiat emary RiANEY 25don
system]), pouerine COMRNOGASiAFeRIEam ik frRM Q0 20 anglerSeiCRMROYNSHRIafesab-4ilendS

mole %) (based upon the combined monomer and comonomer feeds, provided that if the comonomer

is ethylendsBPeRBrfHt .50 PYYMSH ORI h RS RSy SRAEHEBHUR ARy gBIPTHE Wiight of
the polymesieation faystem, Rewidedthai: ifthecanenomarsspethydanadp it 20ipRsaniat 2fah0
wt%.}] or alt?rnately at 1 to 50 wt% based nﬁ)on the weight of the monomerscgn@ comonomersti)n
entefing tHSVERHEPISP AL e cHnBRATHRRR B A1 Fretstih B9 6B wign be
[0069] Thediyaeess @f dheteressotdhvdttionveaivuse ghratonoreiratalyists vamagabehgpatseaators in
series or in a{lzi‘lrlle%l. number of catal can be de ed ip any of the gﬁ:actolr%s 25 (%f the

0

An r lo

polymoriz2Ain ISSciAP Lo o TYASANE ROBREEH Cr AL REaP B SRl Bt UL
catalysts anecpréfertsegsanc no more than three catalysts are more preferred in any given reactor. The
Citoront 1Ol D s S e B e el
depldmentioimnthenoitelfistirs tappatatly sis Esprefedrearteidsthe deplopnveitdB0 offaty shaeectiran six
catalysts iz more Prefensed Jn g RS WaHoR MRS RIS BIE RV WQresent invention,

Unsupported catalysts dissolved in the fluid reaction medium are most preferred. The catalyst(s)

can be introduced any number of ways to the reactor. For example, the catalyst(s) can be

introduced with the monomer-containing feed or separately.

25  [0074] In addition, the catalyst(s) can be introduced through one or multiple ports to the
reactor. If multiple ports are used for introducing the catalyst(s), those ports can be placed at
essentially the same or at different positions along the length of the reactor. If multiple ports are
used for introducing the catalyst(s), the composition and the amount of catalyst feed through the
individual ports can be the same or different. Adjustment in the amounts and types of catalyst

30 through the different ports enables the modulation of polymer properties, such as molecular
weight distribution, composition, composition distribution, crystallinity, 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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[0070]The catalysts deployed in the process of the present invention can be homogeneously dissolved
in the polymerization medium or can form a heterogeneous solid phase in the reactor. Operations with

homogeneougly slisselyad catalysts are preferred. When the catalyst is preggptydeh7/085365
2008/076589PCT/US2007/085365 as a solid phase in the polymerization reactor, it can be supported

or unsupported. The process of the present invention can use any combination of homogeneous and
heterogendtiusicaibysisrsittultaniaaodlycpddsenthis sane phasosepatitien ndgidu@redéaatdysatifdhehe
polymerization reaclor section, & Ay reactor. gt (16 palymerizaiion section, ol e prsent invention
may contalh one 50r more hemogeneous catalysts and one oFmore heterogeneous ca ay’% S
simultane buslypri 0l 1ehibe pnooe s shofdhecpresentatvenijgmatay usawrycctioubipbiken(pfeferably

homogensoys and hetsragnieeys,cabits desiped nhsRolmerization teasion seelion.olie
present invention. These combinations comprise scenarios when some or all reactors use a single
cataly’st aheidsoenaridshelvombmerk streaith neaotordugse mioréhthplimemecpartatipst vone.ovmdreneatatysts

deployed iJan BiaT-Molfoleier oWl Hg%&[@&%%mvﬁfeﬂ% gan he supported on particles, which either can be

dispersed In the fluid polymerization medium or can be contained in a stationary catalyst bed.

[007_2]Whéliﬂﬂ6é su_Jﬁﬁmmdyémamtmtmg@@réQﬂ@ﬂ@f’sé@rﬂintheewglmhi;aﬁmlﬁmmmmh@@' igan be
left in the pQlyMRAE RIQSUeH m&qm@sp&ﬁ ORY, D& RICALCIREIQL A I FREAVE M Bk iBeifeactor

effluent in the fluid-liquid separation step that is downstream of the 15 polymerization reactor section. If
the cataly§Pp@rtierssuedcredovrpsidahsiaitiededivie distiite® dranrpdustgs eestvigarényAtitout

rege[@?@&r&iﬁﬁ‘l cRlalystoRA Q§0c9§1§ééﬁﬁé’lrt%9e%i§¥{$! Ctu’f%glﬁb&lf? 99&&%@@“3%?&5@9” efithste in
comprising straight or tortuous channels, reactor walls, internal tubing, etc. [0073]When the catalyst(s)

is (arc) suppBHEaUbpardton Wit Gidpe idackartidrrsietprifat dangdiorbampisicattingstat dupp8rted
on dispersgy|paidielasoneraiions: withautsatalystaecanesy sraPreieigrd b, the extabost ikpefyin the

polymeric product of the process of the present invention. Unsupported catalysts dissolved in the fluid

reaction MBHRNAATSHHSS: BYer G2 AE RS BRSO e ngB-IRerbamElss JHY Ry ot iRithe

reactor. Fecerasiplesdhe aatadysiés)Ean;adnteodneedrstdiiasnanengemeostpihing feedreictor.

separately, 25[0074]In addition, the catalyst(s) can pe introduced through one or multiple ports to the

reactor. If a&gm By e iersisrirsons eg??i’@é’a(?a?%f&ﬁ”t&?% ;?ar?saeah e 5&%& tion

essentiallylihie: sheriengttab fliffe ienttposiiiangiallgng s lespih dfdhefse dotior. iHtonuitiplg poris &edused

for introducing the %atalyﬁt(a? the composition atfd t;[lﬂe amoun} of .catgd)(st feed through the individual
t € {

ports can bE the 'Same"or di ré%%?tﬂajﬁ%?rtﬁght in the antdtints afd typed'or Catalyst 3 ?h?g%rﬁt%he
different pmtis drable s thidanodaliation pbpobymendodizertiesicstech aSurioletulduaieryiptdisttition,
compos ARSI RS ARG LTSN RS i o o
preféffed smntsddiomentfttho wrot@relnjections at two or more positions along the length of the reactor is
also possible and sometimes preferred. For instance, in reactors where the length-to-diameter
ratio is around 4:1 to 20:1, the reactor preferably can contain up to six different injection
positions. Additionally, in the larger autoclaves, one or more lateral fixing devices support the
high-speed stirrer. These fixing devices can also divide the autoclave into two or more zones.
25  Mixing blades on the stirrer can differ from zone to zone to allow for a different degree of plug
flow and back mixing, largely independently, in the separate zones. Two or more autoclaves
with one or more zones can connect in series cascade to increase residence time or to tailor
polymer structure. As mentioned above, a series reactor cascade typically has two or more
reactors connected in series, in which the effluent of at least one upstream reactor is fed to the
30  next reactor downstream in the cascade. Besides the effluent of the upstream reactor(s), the feed
of any reactor in the series cascade can be augmented with any combination of additional
monomer, catalyst, or solvent fresh or recycled feed streams. Two or more reactors can also be

arranged in a parallel configuration. The individual arms of such parallel arrangements are

referred to as reactor trains. These reactor trains in turn may themselves comprise one reactor or
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reactors (which may be the same or different kind of reactor) are arranged in parallel and the WO
2008/076589PCT/US2007/085365 effluent of each reactor is introduced into the same phase
separation vesgehogieiasably all of the reactors are operating in high presspggydisigrakiysin a single
phase (such as supercritical phase). In a preferred embodiment, there are two reactors operating in
supercritical phase (preferably both reactors are tubular reactors) and the effluent streams are
combineddetaterorafiespeads dreaiinjeidombiandoihefcoriimedlsirdRinréadrtroduced into the phase
separati_ol?v el, vxiqll&ih Mmay or ma rallglt.a S\O/eggt%rsréal ?git@tion means suE)rge g mixer. L&)On716JThe
polymerization processes described herein operate well in tu

ibdlar Téactors Aid in‘atitoctaves (also

called stirmedgtiardkrieactols). rhaitoctaveabbctdreseanting operatddun Mdidv e, inTobotmucastonode. To
provide better progductivity,.and,thus tq lower production. cost, continuous 1 ration is preferred in
Commerc a2 e
reactdrs haverentsibkiveslidmesenjeatios pbihts sor®as(prafermbiys4or tooR0Myrarishehesypioathpritied with
a high-spead (#%&%OC%QJB%MHP H&E‘Qé%?,%?‘ﬁ{&%}/éﬁ%ﬁ t&%%e?“ﬁﬂcgfﬂﬁi}%%aacﬂ&\é’, 'Sagﬁﬂafoégéﬁﬂgter
ratio (such as less than four) the feed streams are typically injected at only one position along the
length of thiorealtenys 18 Retame mitoiaeycaieerieoarselafayeiave animsbisdnidetionihsday aureesly the
same posijon, alpnoihe IshdtofipatsasianbyLiadially. distriied oalp fsfastepiigrmaising of

the feed components with the reactor content. In the case of stirred tank reactors, the separate

introductioftige tHE sty paysisIEankrsksAvsréfskeardstensnte dubfion Preveatk tHe pbshible
formagion gfhRiSRets o thadneliied ferdzons-RegeRlbeMidng ARinLand a0 aliratzpne of

the reactor. Injections at two or more positions along the length of the reactor is also possible and

sometime&'PrEFe AR aEd A%t RAdeDF st \wherthihenRefstedolfirid et Fatrs i atédiises 400 20:1,
the reactogggfierably san:crnainupiRsinydiffejessdniectiopeasiians: fsldyiapallvira thejarges
autoclaves, one or more lateral fixing devices support the high-speed stirrer. These fixing devices can
also divide b R@ MRS oPE-28AR N5 i?(‘?ﬂg“l%d’éé[%ﬁlfﬁ‘@aétﬁi}%?lﬁt&ﬁso‘iﬁi‘i‘sﬁréli‘ﬁnzone
to zone to 1al.lwﬁc(raa¢aiiﬁaégntecd§gfaalemfcmgghﬂs:woangl, ek nbsingorangely éngependanityer matgfs
separate zones, Two or more autoclaves with one or more zones can connect in series cascade to
incraise 1E61ehi TWIRG! EEREY SAUHEPRIR LA A RREOAB NS, Ao0Ekdasiior cascade

typically hfE)78p or Rakecicaeioy Sieo pagciacbitasesiedinwsileh it eff uant dfatieastione, upsdream

reactor is fed to the I%O nel>1<t retactor Wn%treiam %'n thgucascad(?. I%hes%dgslthe e Iuenttgf %he g\pstream
reactor(s)PIRETEEY of ANy rEAdSin the SeTiey 28t ade’ R e augmented With Aty combiafich of
additional sfioeanoes, foatalygiantsalviastdfesiponliecychetbfesoh Snaatms. TWacbrsyiemseaatosean also

be ananged n g paraliel canfiouration- The indidual aums of such parallel erangements e eferred
to as reactor trains. These reactor tfains in turn may themselves comprise one reactor or
2008/076589R Garfis 200 21085 B6Sebedangthr. series cascade creating a combination of series and

parallel reqgjogs. 10917%11“8}!&%5%‘%%0 ?tﬂ%%\’a?'?e%&&ré{sﬁdiﬁg&%rpr?e%%ﬁsgﬂél?&%?ﬁ)f}eé‘éme?“% more

particularly tubular reactors capable of operating up to about 350 I\/_IPa. Tu reactors are fitted with
external cogdingranenshenmeraore pijdstion poiprevaloryakiambisalnecaedichuzonexiBuag ipobunselaves,

these injeglion BRIAISSRRYERS AR l%?i%ﬁyfﬂﬁﬁﬁf’%Bgﬂﬁ'iﬁésééﬁ{bé%tﬁwpyiﬁ“@dto%[‘ae«é’ro 4fion, a

comonomer, catalyst, or mixtures of these. In tubular reactors, external cooling often allows for

increased fb8BISTENEHHR ASIATRedativEne Acathatingdcihe reasiionigashemsierd v omime ridminders

any significaghheaijemavabnld BHRLIBAHIO S have AReCighoiilaiaralvecIBRL RO BRAda-RERSsYre
shockwave backward along the tube. The shockwav-e helps 10 dislodge any polymer residue that has

formed onfRsRMdrdalRd dubing dpdieatiesh ratherihtenrorlpliardcaforsatidycprinueited witicdihooth,

unpolisheg,ifRinAlswfageshipRMaSS waldepasits. Bibylas raaators aRAsI MBI oRaRIRat
pressures of up to 360 MPa, may_have lengths of 100-2000 meters or 100-4000 meters, and ma

have interfitrahiatisk erdediffciones it Ay Auiticorssauiosk o E%F‘W&Eéﬂ?ﬁtﬂ%tﬂ%‘ia%ﬁ)étors

have lengthrdar¢liajpater iatiesly at the inlet, but also optionally at one or more points along the reactor.
30  The catalyst feeds injected at the inlet and other injection points can be the same or different in
terms of content, density, concentration, etc. Choosing different catalyst feeds allows polymer

design tailoring. At the reactor 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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150f 10:1 to 50,000:1 and may include up to 10 different injection positions along its length. 100781
Reactor trains that pair autoclaves with tubular reactors can also serve in invention processes. In such

instances, thg gutpslgngdypically precedes the tubular reactor or the two types e paeiasgform
separate trains of a parallel reactor configuration. Such systems may have injection of additional

catalyst and/or feed components at several points in the autoclave and 20more particularly along the
tube lengttenipbrafitn hothiautbolay s godytubupas deattersstatlinjeichornieadsiare Phiefaratlycoaied to
near amblte%t Lgrm eraturf?h(l)er t%elow to provid maximum co Ilrhg and thus mwlmﬁd@oﬁglymer

. fu TCACtQr © 18 depressurized on enterin € n1 ressure separator
productlon within ﬁe(flml SO maxn%um opera?lngntemﬁeratur . Pn aultlocfaye ope a preheater

operates 40888itup, lnutnyotfitbcesshirityaaftersisecneadtiaon bed tleesstedy pstake i thefiestt@d imiking

zone has some pac Mikng sharasieriticeAnduBlar reaciers. e st saclian ol oubledncksied
tubing is heated rather than cooled and 1s operat%dacontmuouslg. A Useful tubutar reactor is >
charatterizeaybyhgl figifletuiByhakeg fiovitits measira flolvquatteatuveithhmirivaak Hadial Howpatged in

diferenceg, |n B muizeng AUOGRveRANd hularIACIATS cYRINSt cAIbEinecipdat onlat the

inlet, but also optionally at one or more points along the reactor. 30 The catalyst feeds injected at the
inlet and dtmeparjeetonciuhly ebhovisdhh 8 wdrfiophife feansifiardrs i conddampreaRirg). concentration,
etc. Choosing different catalyst feeds allows polymer design tailoring. At the reactor outlet valve, the
pressure drops to levels below that which critical phase separation occurs. Therefore, a downstream
separation%’é’é‘@é!@i&}%@ntain a polymer-rich phase and a polymer-lean phase. Typically, conditions

in thigyvesRRIgAMaiaLRENGHILA AN WP iR00R(B FoBRRETAURADAI W8I B MRAILFE AsMaiNS

above the polymer product's crystallization temperature. The autoclave or tubular reactor effluent is

depressurb2ell GR MG ARe RightBre SOMaIBBBaRRoINRTP S VEDO 8O LI ARY of the hiftiREsagisH
systems despodiestherain polyane-aeed R ansrateskindhersupRiticalisair & abovedheusolighfluid

phase transition pressure and temperature (preferably 5 above the fluid-fluid phase transition pressure
and tempefHAETI HBRRKBTTEN e 158! e ettt RmaepentitidArsttey PGS LS d¥phase

transition pgegsure and temperature(preferably above the fluid-fluid phase transition pressure and
temperatur olvents/Diluents 10[0081]One embodiment of this invention is the separation and
recovary clf? g)%imerglﬁ%%‘?ra%ﬁ’ﬁ%f}li%%risf ﬁ%ﬁ%ﬁaﬁﬁlﬁﬁ, EntaTidg ﬁbeir%}?@&%%{(%r SRR 9N this
preferred erobodimaninéhdaiolyisediizatidnanediwehdotisistatalyat polyipuaialisSolvedhibe aissixdisyeoof
unreactedt on?mer(é)aand reaidual Caita%% com%onentﬁ. Preferabl no ﬁ?lveﬁf or ilu? tlis utsed.
15[0082]1R 6tR_Y botRERtS, Soh At RItEnty B Tsed AR PONARetiZation systam 10 produce
commercialiydussfulmproducts, qasotubdizedatatydil o ponerds, to weticce viscosityrad thifects of

polymerization medium. or for.other.purposes. In odiments where the solvent/diluent is used, the
o B A e T S e ST

usefédl protheqts|ysotubziirngreaialystcompetknts arpativireg visboditycof, the concentration of solvent

required in the polymerization medium to achieve these effects is 0.1 to 40 wt %, or 0.2 to 20 wt
%, or 0.3 to 10 wt %, or 0.4 to 5 wt %, or 0.5 to 1 wt %.
[0083] Diluents for useful in the present invention include one or more C,-C,4 alkanes, such
as cthane, propane, n-butane, i-butane, n-pentane, i-pentane, n-hexane, mixed hexanes,
25  isohexane, cyclopentane, cyclohexane, etc., single-ring aromatics, such as toluene and xylenes.
In some embodiments, the diluent comprises a mixture of these diluents. In some embodiments,
the diluent is preferably recyclable.
[0084]  In some embodiments the diluents include C4 to Ciso isoparaffins, preferably Cs4 to
Cioo isoparaffins, preferably C4 to Cjs isoparaffins, more preferably C4 to Cyo isoparaffins.
30  Preferably, the density (ASTM 4052, 15.6/15.6 °C) of these isoparaffins ranges from 0.67 to 0.83
g/cm?; the pour point is -40 °C or less, preferably -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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20 the polymerization medium, etc. is used. In a preferred embodiment, the concentration of solvent
required in the polymerization medium to achieve these effects is 0.1 to 40 wt %, or 0.2 to 20 wt or 0.3
to 10 wt %, G}8-4lR,e74¥k50, or 0.5 to 1 wt %. [0083]Diluents for useful in the-presSRY iRYsHRtion include
one or more C2-C24 alkanes, such as ethane, propane, n-butane, i-butane, n-pentane, i-pentane,
n-hexane, mixed hexanes, 25 isohexane, cyclopentane, cyclohexane, etc., single-ring aromatics, such
as toluenevdnd, 2yieries] 81l eHrel SABOdIRscais] totddihemicontipriseESOPHIRWeEiof hfesedituffints. In

some em iments, the diluept is preferably recyclable..][0084]In same embodime i ts
e Gl B o R A e B BT
more prefSiatlly SOLTRQD iGppdibdfins PhiRede ratolyS AROde fisytySHAS TMifED, BHBIISOL)iofdhese

isoparaffing ranges from 0.6740, Q. ; the pour point is. -40 C or |ess,pr ly.-50 C or less,
theiscos R T R R B R T B e
rangeSof 1D +36B00CWIRGLSBME suitapeiscparaffinsvare diniliperéibiimmahiablclinder theamatie

hame TS%%%{B%%%&%@(% el Campanyghieystan &), and arg daseribgd . [or examale. US
WO 2008/076589PCT/US2007/085365 6,197,285, 3,818,105 and 3,439,088, and sold commercially

as ISOPARcberieesbiigopeutffihiia@thiar suraiile i84PEYafiRd a1 H0as 6 YOhkfbiliagaitapleuider the
trade names, LLSOL (by Shell), SOLTROL (by Chevron Phillips) and SASOL (by Sasol Limited).

SHELLSOL is a’product of the Royal Dutch/Shell Group of Companies, for example Shellsol TM
(boiling pdifft85k5 21k 280tkey. sehpdivont.idipsdoeligr Chévfon Piipdich erfesrtboCrm, fop n-

example SQLARE bREAN9iNIPe|0hTH23HAS AR ing AROkAS 8 PLRdUCLAlrSasR) 1HRs 0.01 wt
(Johannesburg, South Africa), for example SASOL LPA-210, SASOL-4 gomng point = 238- 274 C).

100851In #nétRBRERIbodMHEN S Wik B-IREERS CHarepB sipalisrnailphisreradhy &8 adodAngo
paraffins, migfaralrly (€ dshisui-RaKafies] heyigaiess thariGhl v Yo apdeipcablydessmbhricl wi %

aromatics, Some suitable n-paraffins are commercially available under the trade name NORPAR

(ExxonMoDPEReRicsiEs mparyPRBHLSN TXR SHPErE serbedmircilff Sl oRBA sdprludst
n-paraffingiehcangikies Enipagin ant: s afissresh aipiis nehea depnomaligzedaliphaperhsiiosadbon

comprising a mixture of ngrmal paraffins, isoparaffins 15 cycloparaffins. ically they are a
it of BB orr RTINS, A5 ABHIH A oy it rBHEHNy SEMETEE: dHiterably
C5 to Cl2ytheyaohiia)pyeikydoly Ieyels Ofannstatid lyy droaaidans Thrgferalynleasythiaw Acvepreferably
less than 0.01 aromatics. Suitable dearomatized aljphatic rocarbons are.commercially_ available
inder the HTE HTHE BSEER. RPN e BT SRy et T A e oot
commercidiyrandEXeiSOhhaar dy @0oioasamatmiredrakfhatiaimideaceaidyahs {086 Ad HHOKNSOL
informatiop.on useful diluents is found at esl 13 of WO 2004/026921. Hi2h-~ re_.
Separator AR e A gl e AR s
invedflon, ahdcpulymesizadiehpkatis bipbodbddinis.

[0086]  Additional information on useful diluents is found at pages 11 to 13 of WO

2004/026921.

High-Pressure Separator, Recycle System, and Downstream Processing

25  [0087] In one embodiment of the invention, the polymerization is as described in
W02004/026921 (e.g. the pressure is above the cloud point pressure for the polymerization
medium) and the polymerization medium is continuously transferred (preferably without heating)
to a pressure reducing device (which may be a letdown valve), where the pressure is reduced
below the cloud point pressure (and preferably the temperature is kept above the crystallization

30 point of the polymer in the polymerization medium). This advantageously 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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W02004/026921 (e.g. the pressure is above the cloud point pressure for the polymerization medium)
and the polymerization medium is continuously transferred (preferably without heating) to a pressure

reducing dewgg sWRisHEEpay be a letdown valve), where the pressure is redysge 3giRMsE3gscloud point
pressure (and preferably the temperature is kept above the crystallization 30 point of the polymer in

the polymerization medium). This advantageously results in the formation of a more dense,
polymer-ritle phase andaa lless densagnweidmere binpiase, iwhieh srecthendranste h@dNP a fligicetiquid

separatloq vessel r%ellso referred to as a phase sep ratlr(]?]rg1 S\/G{ﬁesellgé%aallllfdssauyl%g Iggetsorursgrgépﬁ)ﬁator.
phase séparate into tWo layets, typicalty via

han ¢ pressure In. the separation vesse uc
(HPS), where the mohomer-ric p?ufse an po?yme -ric
gravity settlihgedn & pref@frddPanpivediebly threvprassude imnaidGRBIPA/076589PCT/US2007/085365 the
reactor (Of agAst qefeeterdtmore (an ane dsin se). (s etveen Z.and 190 MPa igher ihap the
pressure ih e separation vessel (such as the hlgaﬁ/ pressure separator), prefera ?y%e ween 15 and 75
M Pajprefeedbiyn hotwbestingd Sacarnocs@dipsir¢a08d] theaprotivercenthodigndnticorfts tdmyniveteaso the

temperatﬁ;%%&mvg 'm%ﬂ%@ RS Wﬁ%&%ﬁh%{i}éﬁﬁﬁﬁﬁ&%ﬂ%@%@@ﬂ%ﬁ f Heamaf m%@r%ﬁ%re

reducing device (letdown valve) to prevent a s iquid phase transiti rystallization) of the
polymer-richiphzaselih dseuB RS thehpstysaul ¢ otssatrasoianstiysas o dheanedition daeleade ol tbe

medium cglealio Al AReRIPRAIBHBSALANheYPiesRIEIROF SheraAYA U o artia

vaporization of the monomer-rich phase. The monomer-rich phase is then typically recycled from the

top of the MNPt ¥ hastctoF WhMeRAB YoM e ahip Bk ferigpitamscrstetofme Bienterebpidnal
low-pressyePRAgR SERAGAIISILLRS Blg_;@d team@fitha firghinbase LRaAGSpabchUiimately

to a coupled devolatilizer - such as a LIST dryer (DTB) or devolatizing extruder. The operating

pressuresiBEHESRirateRanrydferhniperdeiendstinine SRisdintophass cspu ausing tHaspnier-rich

phase in & dRWNSH eRId REPAEALOLISHDACOMESMALS GAMEER)stefio HiRiRL ¥Rieiiand PrPigiadil in the
light components of the polymerization system such as monomers and optional inert solvents diluents

as compaPSEF B i I SSBBRRY Pl otk slrisasn UPS feRia o |avetd SeepsipgaRfRly mer-

TEMPERATH RfastQ889ddn pmbadisapiiad ihbceuiie thony eotiamttheoptionaldipatingnaf dbglcted
polymerization 20 medium upstream of the pressure letdown device is minimized within the constraints
imposed By t’#& ﬁ&&é%}%}%‘?ﬂt%o?ﬁgepk’) HIFZAHOR ST e A8 ReBR Tl 2B S SRLPEO AN e

temperatwel afribelippdytn esizatiporedadithn @it @nliignseate toaderessisis gdtteing device (letdown
valve) is high enough to prevent a solid-liquid phase separation from taking place upstream of, or
inside, the fluid-liquid phase separation vessel (HPS). The efficient phase 25 separation temperature is
also high erbAfjh SERARAET e TEMPRRASUR S reduced across the pressure reducing device

('etd.o""“.‘r@'(Y tha inere KRS R BISRR WG WSS A SiTGient sehRirhion;of thtetﬁeo(;g@erizr%ia 1on
medium into a monomer-ric pnase ancfa po?ymer-rlch p’hase Ban occur aItlga?'ng nozlg pressure to

prevédit futhedipartinbtvegooz shionrefstive letdnemdevichip haseniZbé apiplictis| ecoperatingrpergd by

temperatufgs BH&L@ raﬁ%%%s tl%?t ﬁl%ti%f&%%%gﬁriﬁledium. For efficient phase separation, the

temperature of the polymerization medium at the entrance to the pressure reducing device

(letdown valve) is high enough to prevent a solid-liquid phase separation from taking place

upstream of, or inside, the fluid-liquid phase separation vessel (HPS). The efficient phase

25  separation temperature is also high enough such that when the pressure is reduced across the

pressure reducing device (letdown valve), that there exists a pressure where an efficient

separation of the polymerization medium into a monomer-rich phase and a polymer-rich phase

can occur at a high enough pressure to prevent full or partial vaporization of the monomer-rich

phase. The applicable operating range of temperatures and pressures that satisfy these criteria

30 may be determined from a temperature-pressure phase diagram of the polymerization medium

(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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30 may be determined from a temperature-pressure phase diagram of the polymerization medium
(such as the type depicted in Figure 2). Because heating of the polymerization medium increases
investment cedSgiRsAkation of heaters), and also increases operating cosp{gansidmpigRPf 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 WO

2008/07 658 LibHISAPErA0B536brze palatiani tempardiod arerite idicAd tinpdiyalyriembodiedads iwhere
the polymerization medium is at a temperature lower than that required.to satisfy the efficient phase
sl T e RO il i e A N G
device (letooployvbdaehpotd teidOOE, tompaathBCatotht At 36Ctab pvesswmiaimdmingqdirect teriperature
for Sefficient phase tion. 10090 onsideratiQp.pf the efficient phase separation temperature
crteria, the D o (e ShE e Son Btk SOt T R nc ekl B e e
embodlimefiticihet wmparentanaiofithe polymerization system is above the solid-fluid phase transition
ierperaLifughine SR RlcemaRa LG EaR LM AL e RACIaR IR RBIBAN R

least 5C 10 above the solid-fluid phase transition temperature of the polymer-containing flui

medium athhéllié@_l@t(iﬁwémﬁép mc@w@qw}}m f@ﬁ@@(&jﬁmetum«assdndoﬂaim@enn the
ransformaian paiR o e POVAT ARG dRRHRNTISUIIE Bhd0e RGN RS or
another embodiment, the temperature is between 50 and 350 C, or between 60 and 250 C, or between
70 and 201, ol BeeiveeHan hduidoce Siopetpdmot dhel B0CT BrsetivedicivabindtismbE.C
SPINGDALREGRMRRS AN A9k Resfasapkembodimants,afhe cstentiny entan rdigion

pressure reducing device is designed to drop the pressure rapidly enough, and to an optimal pressure,
via the proBedid st 20tEpikeRsATIBES DSOS WisiCRRREBURS IRRat pHhSe dhoYPHBRog9 sk HBpid phase

interpenetiiise e ekt IopRhAReSAHAAGAYERA CaRIidaHSMPIRbleaw), WithuRke In
desirable result that the polymer-rich and monomer-riché)hases didsenga%e easil\é(?and settle rapidly in

the fluid-liGERANGF MY SEPSRAGR {ERRIRMLIRCH 25T PE)SpinGd S ¥ o 3Prerhts iy
formation pétavaery Gl diseogagingand StomisesitT Blisiieal PIAIMEDIChaBewelineo-tich
phases wiila]O%S a morophology that has droplets of monomer-rich phase dispersed in a continuous
polynJr?er-ri pﬁase, which tends to occur naturally when the polymer concentration in the fluid
exceeds a critical value, and when temperature and pressure in the phase separating vessel are in the
region of tﬁ%ﬁﬁﬁg%\%ﬁiﬁwe fluid-liquid phase boundary (bindoal boundary) and the
spindoal boundary as illustrated by the cross-hatched area in Figure 2. In the preferred 30
embodimdA@9bif thelowrefeticentad; tiratyalyriter congentratigom the pelswerizdtiomgnédiiom is
always higher th%n th§ critj[ zéll concentrati R descrige(é{n ove n(anqi gance tually illu%reated in Ei(?frl:re 1)

and thus thes ngmt)oo iments QAize the l:%geesgog spin oal ec%)mposi lon o avoid graP/rlgyc et g

probléms. spisivs letntudioreneiofiec pinodalidequmositio preyest dorisapersititalzpotiwmeki zédtion
systems (fich.as ﬁﬂjﬁ%% d@%%”?ﬁf’eéf‘ %%29&4(950%%_2&90{11
PCT/US200 r

BIH O WMPthe desirab It tha th
2008/076589 85365 pressure reduction a oscgé%’e pressuere reggﬁcll%greégvicea%let own

valve) is IpMpPagseicto ppdoronemeivRhishe s icra geg b baut with oreldy 6MibaiSeeddianidre.
PHASE S%&%@ﬂ%lgﬁﬁépﬁ&h as an HPS). Spinodal decomposition prevents the formation of a
very slow disengaging and slow settling mixture of monomer-rich and polymer-rich phases with
25  a morophology that has droplets of monomer-rich phase dispersed in a continuous polymer-rich
phase, which tends to occur naturally when the polymer concentration in the fluid exceeds a
critical value, and when temperature and pressure in the phase separating vessel are in the region
of the phase diagram between the fluid-liquid phase boundary (bindoal boundary) and the
spindoal boundary as illustrated by the cross-hatched area in Figure2. In the preferred
30  embodiments of the current invention, the polymer concentration in the polymerization medium
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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5100921In all embodiments of the current invention, the pressure downstream of the pressure
reducing device (letdown valve) and inside the fluid-liquid phase separation vessel (such as an HPS)
is selected tqke HedRvsths cloud point pressure to ensure that a fluid-liquidphasg ReRALSEON Will take
place, but high enough to be above the vapor pressure of the monomer-rich phase to prevent full or
partial vaporization of the monomer-rich phase. In preferred 10 embodiments, to induce rapid phase
separationpanshaettiigtitheapressiikepirt dhe dltidubiig dphes € edparationeydsdeMButhcas atvtdP&) is
lower tharbtp/ﬁJs Sieréooollrar{1 lojr%ugldit aq%%gurlrer.][lg\rléthoip (}%Qfs%fcer?ed Jressure range, ie. below the
spinodal bounoaary pressure and above the vapor pressure ol the monomer-rich phase, an operating
pressure can be chosen that will prove to be most economical. Higher pressures reduce the cost of
pumping i srich 15 phase for recycle, but higher pressures also reduce
the rate o?ﬁﬁ%%%oﬁﬁ%é‘?é%m and result in higher density of the monomer-rich phase, which
reducks tH8M3hsity ldiffdrenbedvatwert gulywmaenichvandomahomresstich fshvastsatheriethy stovsinrg the
rate of Se%ql%ﬂgfb%ﬂ%ddé%w%ﬁ%f@_r%‘iﬂ&'ﬁ@ M%Sﬁﬁiéﬁghilrlgagh%‘e'iﬁ’g%}a&&g vitmatelyegyiiing a

larger vessel. ne embodiment of the invention, the pres ownstream of the pressure reducing

device (letdBWni2os¢iaiied dncbindiele théhitudoiquid phapysssersatationsiss Sedt(14 B dsligeidwptiaec
spinodal %%Qﬁﬁ%%ﬁf%&l@ip%@} IRasigh MER Jawebhan theRpingdabRauday (REERSHE QY Rl east 5

MPa lower than the spinodal boundary pressure, or at least 10 MPa lower than the spinodal boundary

pressure. MasAeteniemriefitlltHy pradialre IR r hahthBQBYBEFHEEs Mt mdRomeicrer

phasgy nodewsdithansO 8 MIRRARPYE pRALAMEI HBR &nME’e@ﬂ@t%\fﬁe BrRQuIewerhaRiddijiRe,Raabove
m

the vapor pressure of the monomer-rich phase. In another embodiment, the difference in density

between tHRPHENIRSIERA PHSBeaA TRShBisHErhen Biratinedst eistdery ghemusr atehir o gimL,
or at leastfe3alénlorodsatdeastd # Wbwanatasid & RidershiibymliReansity pklgphases

at any given pressure and temperature is measured by simple volumetric methods, for example by

measuring tHEWERIRBH A {Sh L it s RSN I ncaR R & StrR B dite RtoYe!d ris dbPetis in

the phasecgepaatisan HEgEet (Fughuas AP Hheweepdnpnd: 49 bbRp:&aoe S0P nbaee2éh MPa,
or between 10 and 18 MPa. In another embodjment, the HPS operates at a pressure abpve 138 MPa,
prefdrablyPHBy &%mb%ﬁh@s&m&m 5 IS (T IB080e8 &gﬁ&sg%b%%%?i%m

[0093]At thizheaciondtytlef vitkyemtimpeesatireptinons whidagivdie separdtintitof pdfyraerecabeassaacted

monomer, co-monomers, incrts, like e e, prapange, splvents, like hcxanes, toluene, etc.. The.
ompera R A ER o e el DR e S e R B iR Bt

temperatupbaier sdporei&0 Gsb¢héspayasenpridBist hab nibonyshallizationgaiitygebutthd. préssume may

be below the, critical point. The pressure need only be high e h that the monomer, for.example
Pronyiene e B S O IR IR
recyéled toatve)reattioslititha flgudeigumh ping sysperatios teaskcbf RS higksloatprepswodt dquirdafor

polyethyle esrk*glih?om? 1&‘%’@{ iWﬁﬁ?@eﬂﬁ@?t%gﬁ%\g%%lv%\{ﬁ&ia%%}@ﬁﬂ?%9'&%%&8@%&%5%&“ the

liquid pol ase which will result in a much lower 10 polymerization rate. This polymerization rate

in some eth@bdhﬂ@@igﬁdthfl_dmemﬁghr% @p@tall@%hi#%%@d%ﬁijdlh@adhmgpén@éﬁélwpmn or
“killer” If a,calglyst KlIghISHABHIEHHE e [PRiENERIHSRRAIONGAR the Nigd: PressHEsfaryaldheRn

provision must be made to remove any potential catalyst poisons from the recycled propylene rich

monomer Rigsante gwsy thanude dMRsetrdied aeisonssrihsnrl by Beahongirty witHosyeaihaintthMViiky .
1510094 14fkmatel, fhesenaratignnessabmayRe pReiated ayshihe eitiaahpressre gt ihg manomer

or monomer blend but within the monomer/polymer two-phase region. This is an economically

preferred ASSHIPRIHREDAFrRelR s Behdrerrs ey Whithaonamstisien Algpedredsisrst fblystheftat

(HPPE) plpatt dheyretydesk sepamtiomicsaliovainead iacasiadiand ol waxed hefRigengraturned
to the suction of the secondary compressor. 20100951 The polymer from this separation vessel may

then go thRSgHYaRlothe PRt ST SN ATSTEY 6 A SPBredlfr dssas ardiest DY henielR S AIFL 6t this
vessel wilhpehaainfainedaprveythe:-peiymemhnaltnaieint srathal itepelywerbamdhisvessehean be

fed a liqui ngire(:tly Lig)gan extruder. or St?ﬁgl mixer. The pressure in this v %%} ill be kept | W(E]y

Lsings coOTRSAEIST o S TSP R LM LR R SFBHASID X LREhAARAT S Eg DAt 25
MPa, 5 and 30 MPa, 7 and 20 MPa, or between 10 and 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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POLYMER RECOVERY [0096]The polymer-rich phase may be sent directly to a coupled
devolatilization system, which may contain one or more flash vessels, or low pressure separators

(LPS), in serigg RashgRpgrating at a successively lower pressure, and the geyalaligaliRgsgystem may
include as a final 30 step a devolatizing extruder or other devolatizing devices such as a LIST DTB,
which may be obtained from LIST USA Inc., of Charlotte, North Carolina. The low pressure separator
vessel(s) neagx)perate idiahatizaliy @rvapiio sl yriosayrd duep inde rglh datecpaitioe tiipdilmmeardiading
strand type. Tgi? en\n/ola%llizratio[l isna rsneparglltiptn process &o s%gaggte r ma@iq&vg\%iles frto[n tA‘le final
polymer, withou eresoorlt]i%geto %?d%lﬁ Reficient psr’oceessees SUCH H8 s?ég?nvg{lrlpplna. ggies, fotuene,
2008/07 6589 PTh 57010858 6be Tdep dinadd evelaltigiip heviem ttextcl dery & 8T TBnetprphays
operate under a strong vacuum. and optionally use stripping agents such as water.qr nitragen, to
further redueB T B A SR e s PR
devolatiziytsteppasrdurs thiey babdferrde ontiorl foether Processimg, rwadvely pelteglz atiomghriblat the
packagingg GEIGIENT,ANR FGONOMIG A REGYELE. OF MONAMER:FIGHRHASH 003"

preferred embodiments of t tion, the monomer-rich phase is recycled to the polymerization

system withcirmilsiniedaprorastien ko eegidedostithinteastaienttinaréiytdepegmips eytican dhslews! tof dboid

Consumptlg}li})&ié‘&ﬁﬂye%@g%dﬁﬁw?ag B&?%iﬂ.?l@ﬁ%d&%i@.tem et QilpAQglecticiy elfakaod capling

media (cooling water, brine, cooling air, etC.). [n embodiments where the temperature of the

monomer SR HBS NN ORREK CRRAfEieioB pRtAE S We ey aerdhase arh g ) g ¢iglh & tHaRchoWer

polymgriz H%r%)‘étﬁmnf%fé.teTIH@rﬁéW&eﬁQ%}%rFQQ@“&%%@ @M%ﬁ&?%@?@%l&ﬂ' b tgfuiged. If
removal of water or other polar contaminants is not required to maintain an economical catalyst

productivi§PRiaiie i RrispL Rtithewydding theptdlashingiwnee T8lionotharcaialypkiiss sisdmied the
polymerizeéign gy penefeRddaompeRatY aimR e Al thalisiatbi 9t \@shamkegimentobthisbre

involves cooling the monomer-rich recycle stream to -40 to 100 C, or -20to 90 C, or 0 to 90 C, or 20 to

90 C, or 506 RRCBIANFEHY SeRORAISIFMRLEE SPYSISS EPRXITHAAFHS TRORRISF I E8 M Sihthn B tse

economicak eatalysiduadusivisyvining pehimerization sistemnthga drying over desiccant beds may be
used, and 0 monomer-rich recycle stream must be a cooled to the lower of the polymerjzation
food ampllite ortHE TS e i SRR e RBANE TSP b AP dthabing

water andiasatiner polafoiibpisritiesn Gucatihist hoisonsymer/ffus aasewdiphasdasigioant Thing isn

required, one embogdiment invplves cooling the monomer-rich recycle stream to -4Q ta 80 C, or -20 to
50.C. or S TRy J s S R B R RGBT ey e 2 EuAm BREFSUES tow
molecularpubigihty fpoky k& Rite pdmttin The moydedesenahtsireamsoiay pndepitateas sblidd, devictednay

optlonally,tl)Je Orreergcxved through fﬁtlgrsuctl%nogh-ﬁeuge P%t A etcc. orrlgfg dn the return stream depending upon

product requwemgln rz;elr%lént%etgteaéy-s]ta e concentration of the low molecular weight polymer fraction
in th@Grod0eRSBO HEWT iNTEGRATHIONI {0898 iembodirhemts dhthegnvinticghwinetbehgatisigiof the
e e G e
exchangeshezattbetppdemahaclting point so that the polymer from this vessel can be fed as a liquid
directly to an extruder or static mixer. The pressure in this vessel will be kept low by using a
compressor to recover the unreacted monomers, etc to a condenser and pumping system.
25
POLYMER RECOVERY
[0096] The polymer-rich phase may be sent directly to a coupled devolatilization system,
which may contain one or more flash vessels, or low pressure separators (LPS), in series, each
operating at a successively lower pressure, and the devolatization system may include as a final
30 step a devolatizing extruder or other devolatizing devices such as a LIST DTB, which may be
obtained from LIST USA Inc., of Charlotte, North Carolina. The low pressure separator
vessel(s) may operate adiabatically, 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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monomer-rich phase leaving the fluid-liquid separator and the polymerization medium upstream WO
2008/076589PCT/US2007/085365 of the pressure reducing device. This exchange of heat

simultaneousy'Rass thggolymerization medium and cools the monomer-righrfeexfigtRam. In
embodiments where this exchange of heat is insufficient to raise the polymerization medium to its

desired temperature and/or to cool the monomer-rich recycle stream to its desired temperature,
supplemefital fiealtidgvahtidegliwi& Systana Mdg HOFBPY.E ey capytanctiindenvidhstha featiniegrating
exchangea. I(p such emb pimenta,.lg)referred heat'n% media for the polym ‘éi?zréation me illjm include, but

ay,optiona se, Stripping agents suych,as water or nitrogen, to T redyce the, volatiles
are not resflrlc{lé&’tol?s ean¥, ot Oli ys%n%s, and electric heater s efe’ms. erre&l supplementeal

cooling mediacfordheérmpolgmer-rith ce dyetd stredinhio pirede cb et igrehediimelstristddt ton fresty wadets
cooling systems, salt water cooling systems, air-cooled hangers, and the.like. 10 APPLICATION
T0 TWO- B ARG S SO AT S FEM KO0BG A S S S SHAER of the invention, the

polynferization system (such as that described in W02004/026921) is operated at a pressure below the
cloud poirg presRiEr Wi the dNRIRSS (Riid-Yiayis) HeVBRIBRIGE Rediusm Hapsported directly to a

gravimetric separation 15 vessel, optionally by way of a pressuring reducing device where the

pressure Y He fudiherdtwedednbertisicash of dthurvcatishadec sepryamoidi thassolreeichichiatie
monomeryigh phasesn! KRG anRAdiMERE SRR SOROBERHNBRRS IR R e 1R bR BQlypRgrFation

system in the same manner as described for a polymerization system operating above the cloud point

pressure. Othalsas o ctsaid tRensuaretn 0 MRsHY indilitmgapivbaal bectmppetiv ssappldeicathl
cooling 2Q.pEtheiRoneNardicBIBrY Gl sHeRBbIHRSIFRR! BYNa:ehthe menamer-ich fasxsiasikeam,

removal of low molecular weight polymer that precipitates from the monomer-rich recycle stream,

hydrogen PaISVAE APty SihrigorRRcarsshehars proe dlHdiigudinisaairhianty 1 ¥eDRES & engn
REMOVALFEQMiMENEM BR-RIGHRBEGYCLHEST REAMRRIMLA0 IManyRiihe gatalysbRysams

useful herein (such as those disclosed in W02004/026921) produce small amounts of hydrogen as a

byproductétRE356 Pk Pe AaBH FEa ok MRy Bl RS NSl IR B E M Ay BRI HEARTS el ke to
polymerizatightfirose ssdipseitbechheyeiprdhudsivityeim Badipsmsrofthm olymeriraticdqrocesswhere

e SOy AGA DGR il A B, SF R BUbA N TEHE A 3 Floeier-rich
phase leaviqgiibé: flhadiquid Ehasetsepaiatiopyeaaselisucbamartd RSynbmone dmboditoentcihis
to -40to 100 °C, or -20 to 90 °C, or 0 to 90 °C, or 20 to 90 °C, or 50 to 90 °C. Where
removal of water or polar contaminants is required to maintain an economical catalyst
productivity in the polymerization system, then drying over desiccant beds may be used, and the
20  monomer-rich recycle stream must be a cooled to the lower of the polymerization feed
temperature or the temperature where the desiccant has an acceptable capacity for removing
water and/or other polar impurities (eg. catalyst poisons). In this case where desiccant drying is
required, one embodiment involves cooling the monomer-rich recycle stream to -40 to 80 °C,
or -20 to 60 °C, or 0 to 40 °C, or 20 to 40 °C. When cooling the monomer-rich recycle
25  stream, low or very low molecular weight polymer present in the monomer-rich stream may
precipitate as solids, which may optionally be removed through filters, "knock-out" pots, etc. or
left in the return stream depending upon product requirements and the steady-state concentration

of the low molecular weight polymer fraction in the product.

30 HEAT INTEGRATION
[0098] In embodiments of the 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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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 g pRkFgsigation process feed can be reduced to compensatg- 0t /085365
2008/076589PCT/US2007/085365 this recycled hydrogen, and no further processing of the

monomer-rich recycle stream to remove hydrogen is required. In another embodiment, the amount of
hydrogen a1 the pronamerdichgekyite. sTeamxshgngatef hbanstha tatrbashobaitotiny pobgesrdessed in

the combined .feed stream t the(pol merizlzl;ltion rocess, and in this emb%)dirplent, ﬁm additional
mte mum an coog] 8(]f§l% I%?] Cr-ricn rec, ¢ Stre . cm odlmen S.V&h erﬁ this %c ange .(fxf
treatment Stép may be adde 0 the process for Fecycling the'monomer-rich phase. This additional

treatment Istepisnayuchonprtise  rhist ihapbhestrictatibtonsithigle or imsuditple stagedtasiroesdelsto cool
ractionaie Iawstm eridiogenalionbeds, Jieaiment i semaval L Ruingen may e peplig o the
entire monomer-rich recycle stream, or in instances where the hy r&?en removal requirements Eermlt,
to onl§ a postions onsgjipbstrearigfcthemorgmestivichwiskytie dteetmidBaGagalystiidilling [0l0 ithe use
of the pro%ﬁ?&?ﬁ&éﬁ?&?}‘?@f&%&"ﬂé&ﬂ%gjv‘?ﬁews @89%9‘@65{%9&?%%0&%&{1}3 iYiiRo ML IGhPhase
relative to the polymerization medium, which, in turn, results in a much lower post-polymerization rate
in polymetastiicishaoestTing pohat siistativn vadecteriyibecassypiemsudhaopbsany e ripseanlinghout

adding a GRLAlSHPARIARLKHS cn TR MR SAMRANMIB AG-AddeL R ING KHiShremovalsiag can

be eliminated. If a catalyst killer is requiired, then provision must be made to remove any potential
catalyst plseBsira YHécrcoptiag syvemarsenledresshepeys mpthidukkeof desiccant beds or by
scavgiging with an aluminum alkyl). A polar species such as water, alcohol or sodium/calcium
stearate maﬁl be em Ioglced as 20 the kiIIing agent. The choice and guantity of killing agent will depend

on the reqtirB YocIcad WPk kHeSYe PIERNE AN D mers as well as the product
propertiesygpdoe killing aaatt hasieumyalatdittn e holerihPiapeRenkresiby ibstnr[HRRIRsopylene is

available commerci‘all%{at twao levels of purity-polymer grade at 99.5% and chemical grade at about 93

to 95%. THESEHBEE MR AP SR AL RRATB A g RESIFE d1oh thsetld eRinbRse Sy ovEiififion of
the feed biwineHapeqpaieifolympiyriedrion IS IFhsRelyinglis SBPRY atech ARt fiec QyRiRady

invention processes may have any §tructures,inclu ing block, linear, radial, star, branched, angl
comgﬁw atigRs ﬁpég)éla ¥ way of a pressuring reducing device where the pressure may be further

lowered if desired to enhance phase separation of the polymer-rich and monomer-rich phases. In
this embodiment, the monomer-rich phase is recycled to the polymerization system in the same
manner as described for a polymerization system operating above the cloud point pressure.
Other aspects of the current invention, including spinodal decomposition, supplemental cooling
20  of the monomer-rich recycle stream, desiccant drying of the monomer-rich recycle stream,
removal of low molecular weight polymer that precipitates from the monomer-rich recycle

stream, hydrogen removal, and catalyst killing may also be employed in this embodiment.

HYDROGEN REMOVAL FROM MONOMER-RICH RECYCLE STREAM

25  10100] Many of the catalyst systems useful herein (such as those disclosed in
W02004/026921) produce small amounts of hydrogen as a byproduct of the polymerization
reaction. Additionally, hydrogen may be a reactor feed for the polymerization process described
herein. Thus, in embodiments of the polymerization process where the hydrogen is not totally
consumed in the polymerization process, there will be small amounts of hydrogen in the

30 polymerization medium, and most of this hydrogen will remain in the monomer-rich phase
leaving the fluid-liquid phase separation 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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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 WO
2008/076583P& 1db45326294/085365 isotactic and syndiotactic polymer compesitiaigeisl4asr
embodiments, the invention processes may be used to produce crystalline polymers. 101041Some
embodiments of the disclosed processes separate and recover polymers, typically propylene
polymers, thikhea yelettingdpaiah odndOnto flifibeC parvdising wiaighinavenageibinelecidatsaight aihih000 to
1.000,000,10.000 t2 1,000,000, 15,000.0.500,000; 25,000, 10,250,000; or 35,000, {0, 150,000 gl
[0105]Som§ eMbodiments ot the invention separate an%srecml/ler poly?[ner with a ieator ?usmn, AHf,
of 1-30 Jige&rd0 Erpaor B-idEg. hmatiothetakanimainod ity thexpralosssdirthiis korebitiod fdeddspatymers
having a AHf of up to 110 Jig, preferably 50.to 110 J/g. and more.10preferably 70 to 100.Pg. [0106]In
another eaR BT RSN R bl L T e O AR B A e
10,009 cetutiphisesoatstSOE rasyelawstiredhumenBreoktigitiasiscoffesendditiootldeati®do steB0OAYCPS
for some SRR AR RActag ARG cAThe A0 HRPIEIABIY hERRANTAND.ARY 19 000

cP for other applications. 15101071This invention further relates to: 1.A process for polymerizing

olefins, comigrisierption brsss dfca@codivacemgyinl ohbsiregorarenbromsplivd iddheefiuRimermageneous
polymerizafign SYie e ARfIRMANRIMARNANNS thESS B RO CHRAT Y ARMPIRSFALAE, 30 Yifioht % or

more (based upon the weight of the monomers and comonomers entering the reactor [or 20
alternativé]9fﬁpﬂwl%'ﬁF%|@f H&@GW%\KF‘@@H? sfreaB polymerization system]), with: 1) one or
morg gatalyst compounds, 2) one or more activators, 3) from 0 to 50 mole % comonomer (preferably 1
to 45 mole %) (based upon the amount of the monomers and comonomers entering the reactor) [or
alternativtlpstdaing o5 pased upon the weight of the polymerization system], and 4) 0 to 40 wt%

(preferablygd ¢o]25 Wiflé, u06s¢ e pretesaklyiddestd wikdhdiddandomsasivnibassstsnamdaevaight of

the polymerization system), at a temferature above the crystallization temperature of the

polymerizHG8H RAERTHENPHASS SGHING IOWBT PRIXMe RIS N SRR EbIV A ol (AT SHIPAY Below
the cloud ppigh PFassyesehinaRelyerfizatiom sysienranch peierablinie s Hraa 2060 Pacwvheyerthe

ool or BONER b APRTEISTS pORHIET BHUUSHA FoERa BEBRH ChILRHE nompASHArE
polymer-monpmeardnigireided then the killer removal step can be eliminated. If a catalyst killer is
required, then provision must be made to remove any potential catalyst poisons from the recycled
monomer-rich stream (e.g. by the use of desiccant beds or by scavenging with an aluminum
alkyl). A polar species such as water, alcohol or sodium/calcium stearate may be employed as
20  the killing agent. The choice and quantity of killing agent will depend on the requirements for
clean up of the recycle propylene and comonomers as well as the product properties, if the killing

agent has low volatility.

Choice of Propvlene Feed Purity

25  [0102] Propylene is available commercially at two levels of purity-polymer grade at 99.5%
and chemical grade at about 93 to 95%. The choice of feed will set the level of purge required

from the recycle to avoid over dilution of the feed by inert propane.

Polvmer Products

30 [0103] The polymers separated and recovered by invention processes may have any
structures including block, linear, radial, 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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(c) 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; WO 2088469335 CT/US2007/085365 (e) reducing the pressure giihgdansiaissifluent
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 polymaotmaiome synikicteetio totysepatatipositiesse! wloeier fratpdssuite, ithd¢hevwericiopfocaatds least
one reactor if more @Cﬁn one is in Uﬁ?.is befween 7 and 100 MPa higher than the pressure in the

. ma € US¢C TOAUCC C aline mers. . . . .
separation Vessel'and he tempelpésture ihRRe separation vessel is above the crystallization

temperatuiél 04the lymermbabhovet804 iflibedialpsvdr pasowsarystslizationdermpsaatuyrelymaishever
is higher; (f).separating,the monomer-rich phase. from the merzrich,phase; and 10(e)recycling the
ceparated S R Lok e
polynfer-riciolohdge weighhehraeesofl RGEEpH 0.000r et SOMPPKING MY sep ¢Y.0GitIRGA0e to

polymer-mapoisrdnbsuiR) \%lt{g? 8 separation vessel (preferably to prevent crystallization of the
polymer-rich phase) or ‘heating the polymer in an outside heating loop fluidly connected to the

separatiorl l$%sseSareferaluylitocpre vériberytatiratisrratthepdlarrcricly se)vith THegarbgraph
of claim 1 g2, WReFeigrthespopymermanorpermixtye callediGadp StaRdhh e Palorsseduciraiie

pressure, at a pressure above the cloud point pressure and at a temperature above the crystallization
temperatuievofithe poiineelyosisrheringauiéls af ThdpldOels.ofptaaapi 10 2, 18r Beturttdemore

com@(jsinglg}gr%%pﬁftgel%r%ng volatiles 20from the polymer-rich phase. 5. The process of
paragraph 1, 2, 3 or 4, further comprising the step of feeding the polymer-rich phase to a coupled

devolatilizE@pEepakatenoBigtisfadiment podyRedymes THaap s s8dofIsaraEtpIeBIWhBRiA Aelt
coupled deyelatliZer RREFAIES 1NHRN @1eWoYaSUHMgeNaDI NG hepalysrel-ArbhRhageviedaghdnte the

devolatilizer. 25 .Theé)rocess of paragraph 5 or 6, wherein the coupled devolat lizer is a devolatizing

extruder. 8etecprdO88ster HAgBhHOr, ome gnpagligentsyiiaedimenaaskpaifstidhsrghen st oducted
preferably between 5000 and 10,000 cP for other applications.

15 [0107] This invention further relates to:
1. A process for polymerizing olefins, comprising the steps of:
(a) contacting in one or more reactors, in a dense fluid homogeneous polymerization
system, olefin monomers having three or more carbon atoms present at 30 weight % or
more (based upon the weight of the monomers and comonomers entering the reactor [or
20 alternatively at 40 wt % or more based upon the weight of the polymerization system]),
with: 1) one or more catalyst compounds, 2) one or more activators, 3) from 0 to 50 mole
% comonomer (preferably 1 to 45 mole %) (based upon the amount of the monomers and
comonomers entering the reactor) [or alternatively at 0 to 50 wt %, based upon the weight
of the polymerization system], and 4) 0 to 40 wt% (preferably 0 to 25 wt%, more
25 preferably 0 to 10 wt%) diluent or solvent (based upon the weight of the polymerization
system), at a temperature above the crystallization temperature of the polymerization
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
30 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 (¢);

(d) collecting the polymer-monomer mixture of (b) in a separation vessel;
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below the cloud point of the polymerization system and above the crystallization temperature of the
polymer-rich phase of (f). 309.The process of paragraph 8, wherein the separation vessel is a

gravimetric serpsaligrogssel. 10.The process of any of paragraphs 1 to 9,Jg¢thQsRRANRESINg the step
of removing low- molecular weight polymer (e.g. a weight average molecular weight (Mw) of less than

10,000 WO 2008/076589PCT/US2007/085365 g/mol, preferably less than 5000 g1lmol, preferably less
than 1000 g/moIXé)om ﬁl@ﬂxﬁﬁ@m&grmm@mérthih:hepbtase:fﬂwdeﬂmﬁim)g(gbe Tolyheproaessof
paragraph 10, wherein th?@v%&'noleﬁlula g mer ? move thr gh the use of at least one

knock-out pot. 5&1 & process o any 8 Dar goglr%&h PG 1 Wietem tlli)e S o emareLte @

present in the pobpiyereratin sysie rmndt 55mmmghel%1d[ rp\lmrm prﬂfardﬁlipﬂ&s wvt%dtor rwdtectihd. Tthe

process of any of cgalaragrra h% r% eto rr]ﬁ% wherei in ng? ssure o{wq%p m(%riszation stem |Osi, I ss tthan
about 140 MPa erably fess tha %81& a, pre erably between 15 and 140 M a, pre era

between 15 and E@MP@Q @mrﬁﬁmprgd;has @fearsylmﬁlp@)ra@baph@n foang, WAevHia mglmrﬁper&tqre is
between 60 and péx%?&reo{ﬂﬁéas% %%8&(‘%%?9%&’?%%@%&% Nl R0 ﬂﬁ?‘lﬁ{%@ fedwgen- 100 and

180C. 15. The process of any of paragraphs 1 to 14, wherein the mono er-rich phase comprises less

than about 0.1 weystidlizatiore ceraperetight pﬁlylmepolyelerh@r prberssigf anyt oﬁpamérawhsh@@ 19,
wherein the mong}%aﬁﬁlgglgg@ég pﬁﬂedg@ﬁgye;gqg@%rro 3 to about 0.4 grams/mL 17. The

process of any of paragraphs Ito 16, wherein the polymer-rich phase has a density of about 0.6 to
about 0.7 grams/ft. separating the ‘monomer-rich phase from the polymer-rich phase; and

10 (2) recycling the separated monomer-rich phase to one or more reactors of (a); and
(h) recovering polymer from the polymer-rich phase.
2. The process of paragraph 1, further comprising the step of heating the polymer-monomer
mixture within the separation vessel (preferably to prevent crystallization of the polymer-rich
phase) or heating the polymer in an outside heating loop fluidly connected to the separation
15  wvessel (preferably to prevent crystallization of the polymer-rich phase).
3. The paragraph of claim 1 or 2, wherein the polymer-monomer mixture collected in step
(d) is, before reducing the pressure, at a pressure above the cloud point pressure and at a
temperature above the crystallization temperature of the polymer-monomer mixture.
4. The process of paragraph 1, 2, or 3 further comprising the step of separating volatiles
20  from the polymer-rich phase.
5. The process of paragraph 1, 2, 3 or 4, further comprising the step of feeding the polymer-
rich phase to a coupled devolatilizer to separate volatiles from the polymer.
6. The process of paragraph 5, wherein the coupled devolatilizer operates under a low

vacuum enabling the polymer-rich phase to flash into the devolatilizer.

25 7. The process of paragraph 5 or 6, wherein the coupled devolatilizer is a devolatizing
extruder.
8. The process of paragraph 1, 2, 3, 4, 5, 6, or 7 wherein the separation step (f) is conducted

below the cloud point of the polymerization system and above the crystallization temperature of

the polymer-rich phase of (f).

30 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

-36 -



18. The process of any of paragraphs Ito 17, wherein in step (e), the pressure is dropped at a rate of at
least about 2 MPalsec, preferably at least 3 MPalsec, preferably at least 4 MPalsec, 20preferably at

least 5 MPalggg pigigradaly at least 6 MPalsec, preferably at least 7 MPalsgerAR-Jiindygsess of any
of paragraphs Ito 18, wherein step (a) is conducted in a single liquid phase 20. The process of

paragraph 19, wherein the temperature and pressure of the polymerization system are held at a value

above thegdluiclsptidgphisgel ¢sartkitioadeingenaty recdindidyekssiread SLINT hgnpyh chem ahanyg @irated

paragraphs Ito 18, w erElin steg gflg IS C ndﬁéted in a two phase fluid-fluid system. 22.The process of
-

paragraphnﬁ)fov%]ﬁfét%(fn? & err%ﬁfera ure’o polymerization system is held at a value below the cloud

point tempédraturélangrabmyeothpaflugcksiolith pldsecirafsitiowtemipendturecatith@qptyonar zatiarvaystem

3023.The ﬁrgceﬁ%%fuaslg gl‘t araqra I§O%I§/202utwhterem solvent and or diluent is present in the
0

polymerizatfngsystem at lessthan , prg?e'rably less than 1 wt%. 24.The process of any of
paragfaphB21 to 28¢ wivsreirothmypleffiperagraohselr toaMing tikree trembsfencadnomeatoms pomprisethe

propylene éﬂé%&%%? e 8@?@&%92@%5%%@6%_6%%% 986926, ARY:Qf paragraphs 1 to 24,

wherein ttPe ymerization system comprises from 55-1 t % propylene monomer; from 0 to 45 wt
% of a corhbnomBraisaases cinaprishh gparesapiohdedmornbentn sbie oress s nmiethy pels Msuteation

hcxene, 0%‘%‘{%%1 facanfafat6aeNs AR HRERICTIS i ICYSORRAIRIS0S, RARRIOGNES Sty ¢4P00

a-olefins, C4-C2000 a,internal- 5diolefins, and C4-C2000 a,w-diolefins, preferably one or more of
ethylene, MRanzchsxeind sy eirddend80MRe. process of any of paragraphs 1 to 25, wherein the

catalyst cqmpoungds,rgpreesentad, Ry thedaipiai 19 13, wherein the temperature is between 60 and
180°C, preferably 85 and 180°C, preferably 95 and 180°C, preferably between 100 and 180°C.
15.  The process of any of paragraphs 1 to 14, wherein the monomer-rich phase comprises less
than about 0.1 wt % low molecular weight polymer.
16. The process of any of paragraphs 1 to 15, wherein the monomer-rich phase has a density
15  ofabout 0.3 to about 0.4 grams/mL.
17.  The process of any of paragraphs 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 paragraphs 1 to 17, wherein in step (¢), the pressure is dropped at a
rate of at least about 2 MPa/sec, preferably at least 3 MPa/sec, preferably at least 4 MPa/sec,
20  preferably at least 5 MPa/sec preferably at least 6 MPa/sec, preferably at least 7 MPa/sec.

19.  The process of any of paragraphs 1 to 18, wherein step (a) is conducted in a single liquid
phase.
20.  The process of paragraph 19, wherein the temperature and pressure of the polymerization

system are held at a value above the fluid-solid phase transition temperature and pressure.

25 21.  The process of any 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 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.

30 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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where M is selected from titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium,
molybdenum, or tungsten (preferably zirconium and or hafnium); 2 R and R are identical or different
and are selegiepbiRmybadrogen atoms, Ci-Clo alkyl groups, CI-Cm alkoxy g¢qugs b arnsziés aryl
groups, C6-C10 aryloxy groups, C2-C10 alkenyl groups, C2-C40 15 alkenyl groups, C7-C40 arylalkyl
groups, C7-C40 alkylaryl groups, C8-C40 arylalkenyl groups, OH groups or halogen atoms; or
conjugateddiencehthpicarssagftianady sirbgtipied witbdoneharinake hydracarbybriri(Ryanoaanpyirsslyl
groups or hydr | trighydrocarbylsilylnydracarbyl gr 2 (preferably R and R are an alkyl such
2 methy! Y Byt P 4 RTB Ao B0y ASE TR 2 e G B oS SR
selected frorfedyydrogennatomsshsitegend dtomstigleix] dR0rkalogenatedtone nvaloge datedeatk yi-
groups, Co-Cio halogen teig or unhalogenated awl grougs, €2+210 halagenated halogenated
ket g D s e S Pl e
unhaldgenbeédiafkyiadyC§roape) G- cdigddimingentetlprong®r Wd2g08H) 1658 PRETIUISR00/085365
unhalogengted.arylalkenyl groups, -NR'2, -SR', -OR', -0Si or -PW2 radicals in which R is one of a
halogen atom, a C1-C10 alkyl group, or a C5-C10 aryl group; or two or more adjacent radicals 575 R
to R togetRer withlih@mramsot onviedtpryagrephedridclim wheran ihoreatihys ¢oreperaldlysRapissentedhyl,
ethyl or bygyl), 2pd gdiacent radicals RH and R12 can form one or more saturated or Saromatic rings
(preferably’RH and R12 combine with thc phenyl ring to form a substituted or unsubstituted naphthyl
group) R13 is selected from:

10

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

chromium, molybdenum, or tungsten (preferably zirconium and or hafnium);

R1 and R2 are identical or different and are selected from hydrogen atoms, C;-C, alkyl groups,
C,-Cy alkoxy groups, Ce-Cyg aryl groups, Ce-C aryloxy groups, C,-Cy alkenyl groups, C,-Cyg
15  alkenyl groups, C7-Cy arylalkyl groups, C7-Cyo alkylaryl groups, Cs-Cqo arylalkenyl groups, OH
groups or halogen atoms; or conjugated dienes that are optionally substituted with one or more
hydrocarbyl, tri(thydrocarbyl)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;-Cig
20  halogenated or unhalogenated alkyl groups, Cs-Cio halogenated or unhalogenated aryl groups,
C,-Cyo halogenated or unhalogenated alkenyl groups, C;-C4 halogenated or unhalogenated

arylalkyl groups, C;-C4 halogenated or unhalogenated alkylaryl groups, Cs-Cso halogenated or
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R14R14 R14R14 111 -m,-1 -N13- N13--0-nn3-0- 1111 R15R15 R15R15 R14 R16R14R14 R14 R14
111111 -M3- C --0-M3-- C - C - C - 11111l R15 R16R15R15 R15 R15 -B(R14)-, -Al(R14)-, -Ge-, -Sn-,

-0-, -S-, -SOwpsdso b3 14)-, -CO-, -P(R14)- -P(0)(R14)-, - 10B(NR14R18)rARG007/085365
-B[N(SiRi4R15,02] , R14, R15 and RI are each independently selected from hydrogen, halogen,
C1-C20 alkyl groups, C6-C30 aryl groups, Ci-C20 alkoxy groups, C2-C20 alkenyl groups, C7-C40

arylalkyl gEaHRS o SRIGAR-AMIRKANULIFRURSINASRT-CAO alsuinry Lo piesy R B4R RLR, fogsther

with the atom(s) connecting them, form a ring; and M3 is selected from carbon, silicon, germanium and
tin, or R1Pf<r PESBIEALY theCrortinheryl 952 Co-Cio aryl group; or two or more adjacent radicals

R5 to R7 together with the atoms connecting them can form one or more rings (preferably R? is
methyl, ethyl or butyl), and adjacent radicals R'' and R'? can form one or more saturated or

5 aromatic rings (preferably R'' and R'? combine with the phenyl ring to form a substituted or
unsubstituted naphthyl group);

R is selected from:

R14 R4 R4 R14
e =M oapo.

T L.

R4 R16 R14 R4 R4 R4
M—C- oM. —t—b—¢—
||Q15 ||Q16 ||q15 ||q15 ||q15 ||q15

-B(R'Y-, -Al(R")-, -Ge-, -Sn-, -O-, -S-, -SO-, -SO2-, -NR'?-, -CO-, -P(R'*)- -P(O)R')-, -
10 B(NR"R)- and -B[N(SiR"“R"R'%),]-, R", R" and R'° are each independently selected from
hydrogen, halogen, C;-C, alkyl groups, Cs-Cso aryl groups, C;-Cyo alkoxy groups, C,-Cyo
alkenyl groups, C7-Cy arylalkyl groups, Cs-Cyo 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
R17 R19
O 20
N R
M R
e
R rR2

15

-39 -



WO 2008/076589PCT/US2007/085365 1724121724 wherein R to R are as defined for R and R, or
two or more adjacent radicals R to R, 20 including R and R21 , together with the atoms connecting

them form oRePsIRAIR49S; M2 is carbon, silicon, germanium, or tin (prefpgghiébhdgsigglimethyl silyl
or diphenylsilyl). 27. The process of any of paragraphs 1 to 26 wherein the activator is selected from

5alumoxane(preferably methylalumoxanc) and non-coordinating anions (preferably

trimethylapreemit R el akismentativgrerisny)barate’ NNsdimptiydaniinitddhe radicals R to R,
tetrakis(pentafluoropfjenyl) borate, triphenylcarbenium tetra(perfluorophenAborate, or N,Ndi methyl an

ilin ium tetra(pdriigdropmémy| ) hogetie). wil8 theheqne cess afiag)tioihpdeagraph s nto2 A vgrerkin is
hydrogen X t iller ar fro -1l prior to being
recycled to tgg%d§§%§%1a%%l§%%@4n§éﬁz§a%@g%%\ﬁ%2égn'?Lné%gﬂr}ggggg (g)g%gﬁéggf}%% agraphs 1 to 28
wherein th monbhsepudchsphelsemn g theapaisapier-ticke phasehdifter itheervsivptoy at leddeetod? Gtint  30.

;:‘e p§°_c_e§1ﬁr959£}§é@fr&%¥é’t%ﬁph&étﬁ?l@l%%@&ﬁ?é}‘ th@nﬁc"y’ﬂ&ﬂ%éﬁ%ﬁﬁ'ﬁ%:m Lﬁlﬁaﬁéngl%{ir%?e‘i‘_ﬁ‘[ﬁze
percritical fluid. 31. The process of any of paragraphs 1 to 30 wherein the residence time in the
separatiod Va8l W minute tolG0r '$(Rﬁ@§ﬂ?9pémb§l)ﬂ?é¥ﬁt%o 15 mindtdsdroathgteailinium
documentg. dascriRah IFSRIPRIS N RA ARt v VRIS Eas D eraiR DG UGBS BRY BURILY dPements
and/or testing procedures to the extent they are not inconsistent with this text.
dimethylanilinium tetra(perfluorophenyl)borate).
28. The process of any of paragraphs 1 to 27 wherein hydrogen and excess catalyst killer are
10  removed from the mononomer-rich phase prior to being recycled to the one or more
polymerization reactor.
29. The process of any of paragraphs 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 paragraphs 1 to 29 wherein the polymerization system is a single-
15  phase supercritical fluid.
31. The process of any of paragraphs 1 to 30 wherein the residence time in the separation
vessel is from 1 minute to 30 minutes, preferably from 1 to 15 minutes.
[0108]  All documents described herein are incorporated by reference herein, including any
priority documents and/or testing procedures to the extent they are not inconsistent with this text.
20  Asis apparent from the foregoing general description and the specific embodiments, while forms
of the invention have been illustrated and described, various modifications can be made without
departing from the spirit and scope of the invention. Accordingly, it is not intended that the

invention be limited thereby. Likewise, the term "comprising" is considered synonymous with

the term "including" for purposes of Australian law.
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20 As is apparent from the foregoing general description and the specific embodiments, while
forms of the invention have been illustrated and described, various modifications can be made
without departing from the spirit and scope of the invention. Accordingly, it is not intended that
the invention be limited thereby. Likewise, the term "comprising" is considered synonymous
with the term "including” for purposes of Australian law. CLAIMS 1.A continuous process for
polymerizing olefins, comprising the steps of: (a)%%iing in one or more reactors, in a
dense fluid homogeneous single-phase supercritical polymerization system, olefin monomers
having three @r morg caRRRRIARSPESSBILRLIZANRISR Sndmg e dbaseg:upon the weight of
the monomers and ggmonomers entering the reactor, with: 1) one rmore catalg/st ol
compounds, 2) one mof&%E ti’\?ﬁtbnrscfﬂﬁ)%onr]ﬁrﬁ f%agarsmbl}eaf%e%emélﬁomoglro 58888 ﬂlﬁbﬁ'm%se
amount of the moncimsrgitierl pesmsratien SBisBrivlolith apeapeoy haies 4heet0r 00/t varbith etpmsr
solvent (based uponihiewveeightveizthe; e e (HEatiDapsy Shemdigat of GenpeIatre ARV Eners
crystallization temperature tgf the c,)lxﬂ?lt_aﬁi&ation system a@nplcg resaurf) no_lower thagvglo Mg’a

. EnLerin € redac OIIE O 1I0I¢ C QUL OIl€ Of MOre ac Ors
below the cloud point pre%sure of the polymerization system where the porfymerlzatlon syste

comprises the mondiBi& lefymabnTe FRIMFRIRFSRTE Wy e anoHp<r Bnlrennmsmt BF somagmers
present and the polynagingnbel nek;totd pdd h g a0 eaticllediueniobem fbsikiguaon the weight of the

polymer-monomer %@%ﬁmogmmlImh@qﬁagemsrp%w@&ﬂ@mmﬁgamt%p%{a@ea&eEﬂé

exits the reactor an ?ﬁq}gre or after the gressure is reduced in Stge/@ (%g 2£glslécollegtm the

polymer-monomer RIIFEBH B TH A8 4 RESH G888V gt RprEsiine I3 heRg ) 8 BB
pressure and at a texhipe paivrerisstvesHene sl henibrmesiraicratgiencforhieripss rapierosarart
mixture; (e) forminganbierRhass:i kdyiseatyssagusiagutnepeessur sratihadeacionatliyaatat a

rate of at least abo%gMP%jgﬁg co @&?@Hm@:ﬁc@% X{nm%-amgpor{g_engomg&&r&xf b) below the
cloud point pressure by gravity Eett INg, one phase co pﬁ5| ga po]i1 mer-rich phase and the
other phase compri§thg a PREPRSHEIHE SIS A0S HBRERTIHE FOThEP-ALH Bisakethiamgagier and
polymer-rich phase shféer anaflensiyriyuad ieast@dingdel (ekither before or after collecting the
polymer-monomer mixtureifidhe SeRUMIAR-URASRLVARIELNE RISRSNSINIDR Y8Rat {Qfdlure
least one reactor if more than one istin use) is ettw?en 7 %Jnd 00 !\L/IEPa hi%lert,thatn the o
pressure in the sepArStoh &8 PERHPITRET& TR oSS iR e" Seh HP Ao VSR SETR7EtEH L
full or partial evapor&opeiehBaMEfdMERFREh phase and the temperature in the separation

vessel is above the @jystafézatipn temjetatiiau becpalinnae preaoved Gy fatdhamelymarate
has no crystallizatiop-{eiReralyf %M@Q&%@%Xﬁ#ﬁ%&@%%ﬂ@&-%%%?%éﬁﬁré%?&9%&%&5&'&'@ cloud

phase, containing at least 30% more unreacted monomer than the effluent from t
polymer-rich phase IR e R TSR BoRMATE AYRRTTg Astehmshtcambits and the other
crystallization tempehase cemfrisiagpohlmmarerichigase yaedin( G moyctiogithekep ardthel polymer-

monomer-rich phasgdie Ane SR AR S RELe0.2and: (BIHE CeNL IR AQYMEHHOM: tBmer-
polymer-rich phase. 2. The process of claim. T, further comprisin tr%enstﬁreepre%&@?g&‘%‘ﬁ e
polymer-monomer mixture within the separation vesse of hea ng tlhelpo ymern an outaIde™®
heating loop fluidly éssiteEtewtohtiiecse Fdratishis/beyssn BamhidhMRekighst raithe prsstein the
comprising the stepsefseparatiag walaitesifram phespelyimps-sph-pldasessd . pldvenpr 00Lss faktial
claim 1, further compyising: ihe Sten ohieeding G LA METHERRNATE IR & SOMRICH s is above

devolatilizer to separate volatiles from the polymer. 5. The process of claim 4, wherein the
coupled devolatilizeP8FE¥iEio8er BTHRI URT SRR %h &8Iy RIeT- AT IPH HOSENES AagHo
into the devolatilizerrydallingipr coass:tuf & fahehdvesvheebim; the coupled devolatilizer is a

devolatizing extrudegy 7. kheriaeess ahalaierLic/harsin g seRaralionyesssl i8de unreacted

gravimetric Separatlr%Qn%?n%?%an the effluent from the polymer-rich phase below the cloud point of the

polymerization system and above the crystailization temperature of the polymer-rich phase;
and
(2) recycling the separated monomer-rich phase to one or more reactors of (a); and

(L) recovering polymer from the polymer-rich phase.
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8. The process of claim 1, further comprising the step of removing polymer having a weight
average molecular weight (Mw) of less Than 10,000 g/mol from the separated monomer-rich
phase recycled in step (g). 9. The process of claim 10, wherein the low-molecular weight
polymer is removed through the use of at least one knock-out pot. 10. The process of claim 1,
wherein the olefin monomers are present in the polymerization system at 55 weight % or
more. 11. The process of claim 1, wherein the pressure of the polymerization system is less

than about,140 MPa. 12. The.process of ¢claim 1. wherein the monomer-rich phase has a
densty of Ghout 6% BORBLED S ra e Sy PHE T CE U8, PSS [ B honeer
polymer-richipheeswithin thelespongtion Meesst orditatiabdhr pobigeasnsim putsitle Fepdnpigep Sbrigly
claim 1, wherab:siep f2)sspeamerei@geln a single liquid phase, 15. The process of claim. 14,
wherein the temperature and pressure of the polymerization system are held at a value above
the fluid-solid phase transition temperature and pressure. 16. The process of claim 1, wherein
solvent and or diluent is present in the polymerization system at less than 10 wt %, 17. The
process of claim 1, wherein the olefin monomer having three or more carbon atoms comprises
propylene. 18. The process of claim 1, wherein the polymerization system comprises from
55-100 wt %6 prop§feRETSn BT om B4 S3mPe B LeotieBriintaraviing el fmg Bt
least one qmigmentivkrpdabected from ethylene, butene, hexene, octene, decent, dodecene,

~4-methyl pe@tene}h%lggsé&o&fﬁﬁﬂ{?ﬂ%HREPQJ}ﬁ&ﬂﬁ%% GaPrapleing gf%ﬁtﬁﬁggch ptl)lasc toa

a,internal-diolefins, and C4- C2000 ;o-diolefins, preferably’one or more uten,

hexene, orcedkddevolptilipe trsepaatepelatifes S {BsaniRdrogen and excess catalyst killer
are removed fromKdgreaedairose: ¢ kv hlraiveriy it b divglidiiyeled dadia.one 9loncsRuum
polymerizalignegeioly 2016 BaseeS AL T digkgipAbe residence tme in the
separation vessél is fromh 1 minute to 30 minutes. '

- 6. The process of claim 4,jwherein the coupled devolafilizer is a devolatizing extruder,

7. The process of claim 1, wherein the separation vessel is a gravimetric separation vessel.

8. The process of claim 1, further comprising the step of removing polymer having a weight
average molecular weight (Mw) of less than 10,000 g/mol from the separated monomer-rich
phase recycled in step (g).

9. Theprocess of claim 10, wherein the low-molecular weight polymer is removed through
the use of at least one knock-out pot. -

10.  The process of claim 1, wherein the olefin monomers are present in the polymerization
system at 55 weight % or more.

11, The process of claim 1, wherein the pressure of the polymerization system is less than
about 140 MPa,

12.  The process of claim 1, wherein the monomer-rich phase has a density of about 0.3 to
about 0.4 grams/mL.

13..  The process of claim 1, wherein the polymer-rich phase has a density of about 0.6 to
about 0.7 grams/mlL.
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14.': 'The process of claim 1, wherein step (a) is conducted in a single Hquid phase,

15. Tﬁc process of claim 14, wherein the temperature and pressure of the polymerization
system are held at a value above the fluid-solid phase transition temperature and pressure,

16.  The process of claim 1, wherein solvent and or diluent is present in the polymerization
system at less than 10 wt %, '

17.  The process of claim 1, wherein the olefin monomer having three or more carbon atoms
comprises propylene,

18.  The process of claim 1, wherein the polymerization system comprises from 55-100 wt %
propylene monomer; from 0 to 45 wt % of a comonomer mixture comprising at least one
comonomer selected from ethylene, butene, hexene, octene, decene, dodecene, 4-methylpentene-
1, dieyclopentadiene, norbornene, C4-C2000 a-olefins, C4-C2000 o,internal-diolefins, and C4-
C2000 w,w-diolefins, preferably one or more of ethylene, butene, hexene, or octene.

19.  Theprocess of claim 1, wherein hydrogen and excess catalyst killer are removed from the

mononomer-rich phase prior to being recycled to the one or more polymerization reactor,

20..  The process of claim I, wherein the residence time in the separation vessel is from 1

nmiimate to 30 minutes.
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