MONOVER / SOLVENT SEPARATI ON AND RECYCLE PROCESS FOR PROPYLENE CONTAI NI NG
POLYMERS FI ELD [ 0001] The present disclosure relates to the field of

pol ymer pwocewsi2ezy7 It nore particularly relates to a mpaoraseowseizeent
separation and recycle process for the production of propyl ene-containing

polymers. Still nore particularly, the present disclosure relates to a
nononmer / sol vent separation and recycle process for polynerization plants
maki ng propyl = | i 1= and hl-end her.eq der

supercriticas - Lo AP e 3 etghdi tions.
BACKGROUND [ 0002] AdQRIROPNMLENECONT Né Yi§dexsses, as descri bed
in U S Patent Application Serial No. 11/961,583 involve increased nononer
concentrations in the polynerization reactor(s) delivering polyneric
product sFI[ifly i nproved properties, such as higher nol ecul ar wei ght and
nmelting 7 crystallization tenperatures. Sinmlar advantages are disclosed
for supercritical polynerization as described in U S. Patent Application
Serial No00ip/ 6GheSHRsemodistiBufslattls foheheP el oF i Wlyier tph8cdssgacti C

pol ypr opyl ene using the advanced sol uti on and supercritical polymerization
pr ocess,moteepdrtighkarlypredatys tme noamoeer fsatviemt separbties andaepyded peodass fof

hi ghl y cgystalline I sotactic polypropylenes with sufficiently lqoqw nelt flow
rates. HhgHEedustienaf prvishc-eontaming| plyewsb| oSl gnere parierlarly, the
concentratj Ons,.] he reactor effluent ,thus reduci t he, non r.r cle
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Honbgeneous pdl ynmeri zatton procesSes, ‘such as supercriftical, solution, and
advancedhebfit underpcupertitical,i solutimty amdigadumicgd e splutipnp padyamedpaticat or sf or
recovering the bulk of the | ow nol ecul ar wei ght nonomer and sol vent
conponeﬁ@@dﬂﬂahhthe reactor effluent for recycle as described in-U S

Pat ent

BACKGROUND

[0002] Advanced solution polymerization processes, as described in U.S.
Patent Application Serial No. 11/961,583 involve increased monomer
concentrations in the polymerization reactor(s) delivering polymeric products with
improved properties, such as higher molecular weight and melting / crystallization
temperatures. Similar advantages are disclosed for supercritical polyrherization as
described in U.S. Patent Application Serial No. 10/667,585. For the case of the
production of the isotactic polypropylene using the advanced solution and .
supercritical polymerization process, the higher propylene concentration enables
the production of highly crystalline isotactic polypropylenes with sufficiently low
melt flow rates. Higher monomer concentrations also enable higher polymer
concentrations in the reactor effluent thus reducing the monomer recycle ratio and
with it the cost of monomer and solvent recycle. Both processes are performed in

homogeneous dense fluid polymerization systems.

[0003] Homogeneous polymerization processes, such as supercritical, solution,

and advanced solution polymerization, advantageously employ phase separators



Application Serial No. 11/854,93. The separation process involves heating
the reactor effluent before letting its pressure down to rapidly cross the
fluid-fl wwo 2pivaree273epar ati on boundary from the singl e- plr@3aSe@9onz203

t wo- phase region in the phase diagram- The heating step needs to introduce
enough heat to cover the enthal py of evaporation of the sol vent and nononer
remmants after phase separation, plus the heat required to stay above the
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reduced by thé hi gher nononer concentration, i.e., the nononers are poorer
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paraffinic hydrocarbons such as_hexanes or octanes, etc.). This issue my
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the heat exchanger, resulting in a substantial deterioration of the heat transfer

coefficient and other plant operation problems.

[0004]  This limitation becomes even more severe in the advanced solution and
supercritical polymerization processes described in U.S. Patent Application Serial
Nos.11/961,583 and 10/667,585 respectively, because the solvency of the reactor
effluent is reduced by the higher monomer concentration, i.e., the monomers are
pooref solvents for the prbduct polymer than the inert solvent (typically paraffinic
hydrocarbons, such as hexanes or octanes, etc.). This issue may limit the
temperature to which the reactor effluent can be heated and/or the maximum
polymer concentration in the reactor effluent, and correspondingly, may lead to
difficulties in removing the solvent and monomer remnants from the final product
and increase the volume and cost of recycle, and reduce plant capacity for a given

separation and devolatilization train.

[0005] Hence, there is a need for an improved monomer separation and recycle

process that can reduce or even eliminate these limitations caused by the increased



particul arly advantageous for the supercritical and advanced sol ution

pol yneri zati on processes due to their typically | ower concentration of

sol vent s WO 2oéve12p7yner - cont ai ni ng reactor effluents regalrisegoiom2bdwer
fluid-fluid phase separation tenperatluires as conpared to the conventi onal
sol ution processes practiced today. In regard to supercritical and advanced
sol ution pol ynerization processes, an inproved nononer separation and

| |d allowall the benefits of j d
Contont r BIRGRSF HiepBHion By Sl SpraR TeeaD ol e  PROATATAOMA08 BBst of
monomer ?Qﬁicﬁpdrlr’?fmadﬁlﬁl‘f%gégust O fB€ GRP ‘éh?grcriﬂ?:@?t Q‘ﬁ'desﬁdvér{?:%dd' %ggéﬁd
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reduced risk of fouling in the separation-recycle train.

SUMMARY

[0006] Monomer / solvent separation and recycle processes are provided for
continuous homogeneous polymerization processes, such as supercritical, solution
and advanced solution polymerization, to produce propylene-containing polymers

and their blends.

[0007]  According to the present disclosure, an advantageous monomer/solvent
separation and recycle process for continuous homogeneous polymerization
processes comprises providing one or more series or parallel homogeneous
polymerization reactors yielding one or more high-pressure reactor effluent
streams and a downstream gravimetric separator fluidly connected to the one or
more reactors; pressurizing a polymer-lean stream from the gravimetric separator
to form a high-pressure polymer-lean recycle stream; splitting the high-pressure
polymer-lean recycle stream into two high-pressure polymer-lean recycle streams;
heating one of the high-pressure polymer-lean recycle streams to form a heated

high-pressure polymer-lean recycle stream; combining the heated high-pressure



streans to forma heated high-pressure reactor effluent m xed stream
passi ng the heated hi gh-pressure reactor effluent m xed streamthrough a
pressur e wWoto@om7wal ve to form a heated | ow pressure reagtuseooefbizoent
m xed streanm and passing the heated 4 ow pressure reactor effluent m xed
stream t hrough the gravinetric separator to formthe polyner-|ean stream
for recycle and a polyner-rich streamfor further processing. [0008] A
further aspect of the re?ent di.sc),osure rel ateli1 ho an advant a eﬁis
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one or more reactors; splitting a low-pressure polymer-lean stream from the
gravimetric separator into two low-pressure polymer-lean recycle streams; heating
one of the low-pressure polymer-lean recycle streams to form a heated low-
pressure polymer-lean recycle stream; passing the one or more high-pressure
reactor effluent streams through one or more pressure let-down valves to form one
or more low-pressure reactor effluent streams; combining the one or more low-
pressure reactor effluent streams with the heated low-pressure polymer-lean
recycle stream to form a heated low-pressure reactor effluent mixed stream; and
passing the heated low-pressure reactor effluent mixed stream through the
gravimetric separator to form the polymer-lean stream for recycle and a polymer-

rich stream for further processing.

[0009]  Another aspect of the present disclosure relates to an advantageous
monomer / solvent separation and recycle process for a continuous homogeneous
polymerization process comprising providing one or more series or parallel
homogenous polymerization reactors yielding one or more high-pressure reactor
effluent streams and a downstream gravimetric separator fluidly connected to the

one or more reactors; pressurizing a polymer-lean stream from the gravimetric



one or nore reactors; pressurizing a polyner-lean streamfromthe
gravinetricseparator to forma hi gh-pressure polyner-|ean recycle stream
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hi gh- pressure pol yner-| ean recycl e styeans; conbi ning one of the

hi gh- pressure pol yner-1lean recycle streans with the one or nore

hi gh- pressure reactor effluent streans to forma high-pressure reactor
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BRI EF DESCRI PTI OF THE DRAW NGS [0011] To assist those of ordinary skill

in the reiluedatformta iheatedkiongpresdures reagtarheffhignt exixedettteam;harce passing
reference is magde to the appended awi ngs, .wherein; [001 Figuyre 1
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depi ct's Ry farBEPprdcYssiggiemati ¢ of the disclosed monomer / sol vent
separation and recycl e, wherein the polyner-|lean recycle stream and reactor
ef fl uent stream are conbi ned at high pressure and heat is added to the

hi gh- pr e910¢ pdheserankdeather €eatates ad aaribptdsosf the didgtusetngrocésses tbrt he

hi ghpressure reactor effluent stream[0014] Figure 3 depicts an alternative
exenpl argroseméraf i olyent; rsepaationogdd recycle in a continuous homogeneous

polymerization process of the present disclosure and their advantageous
applications and/or uses will be apparent from the detailed description which

follows, particularly when read in conjunction with the figures appended hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011} To assist those of ordinary skill in the relevant art in making and using

the subject matter hereof, reference is made to the appended drawings, wherein:

[0012] Figure 1 depicts an exemplary schematic of a prior art monomer /
solvent separation and recycle process with no polymer-lean recycle stream added

to the reactor effluent upstream of the gravimetric separator.

[0013] Figure 2 depicts an exemplary schematic of the disclosed monomer /
solvent separation and recycle, wherein the polymer-lean recycle stream and
reactor effluent stream are combined at high pressure and heat is added to the
high-pressure polymer-lean recycle stream prior to combining it with the high-

pressure reactor effluent stream.



mononer / solvent separation and recycle, wherein the polyner-|lean recycle
stream and reactor effluent stream are conbined at | ow pressure and heat is
added t o wheotomegressure pol yner-| ean recycl e stream pPCOUSE@I®022DI Ni ng it
with the | ow pressure reactor effluerd- stream [0015] Figure 4 depicts an
alternative exenplary schematic of the disclosed nononer / sol vent
separation and recycle, wherein the conbined pol yner-|ean hi gh-pressure
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6 presents a phase diagramfor a typic ol yneri zat i'on” medi um phase

di agr am sttednhand deaof efflirnt efeim. arDcbhinéOdbldvd pidisufoindheqdsadded thi s
di scl osure and the clainms thereto. [0019] A catalyst systemis defined to
be the ctnthientaw-pressurepolynerrpas reayeleysiream quiorsior combpungdé veith theie or
nore actjvators. Note t?ﬁh al t houa{:1 thensel ves are not catalytically active

(need t o' BEPESSHIGREACHRT CAUPNSECATLt or t 0 become active), the catal yst

precursor conpounds are often referred to as catalysts in the art of
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system [QQdRler Pegifedt sipdPatidif afl@freBPdcaeréindtheesbmbinddt Rglityhlérilﬁa'ﬁ d or
supercritical state wth'densities greater than 300 kg/ nS. e t hat

gas- phashkightpressurarecyele strdamh drrdohighhpregswrepreadtor efi@eerft! stredm hfkORdated
Solid-fluid phase transition tenperature is defined as the tenperature at
which a EprFQjP’ﬁi‘éSl}fﬁéﬁt-éﬁ‘é@e separates fromthe pol ymer-containing dense
fluid nediumat a given pressure. Note that the solid-fluid phase
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of binodal and spinodal boundaries.
[0017] Figure 6 presents a phase diagram for a typical polymerization medium

phase diagram of the current disclosure.

DEFINITIONS

[0018] For purposes of this disclosure and the claims thereto.

[0019] A catalyst system is defined to be the combination of one or more
catalyst precursor compounds and one or more activators. Note that although
themselves are not catalytically active (need to be combined with an activator to
become active), the catalyst precursor compounds are often referred to as catalysts
in the art of polymerization. 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.

[0020) Dense fluids are defined as fluid media in their liquid or supercritical
state with densities greater than 300 kg/m’. Note that gas-phase fluids are

excluded from the group of dense fluids.



pol yner-sol vent (the solvent could be the dense fluid nononer itself or
nmononer -i nert solvent bl ends) systens the crystallization and nelting

t enper at we=oghe27matt er defined as the tenperature at Wwhirais2@990i203

pol ynmer dissolves in the surroundi ng-fense fluid nmedium are often not the
sane. In fact, the dissolution of solid polynmers typically requires
significantly higher tenperatures than the solid-fluid phase transition
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Pinto, Ind. Eng, Chem Res. 29 (200Q) 4627. For purposes of this disclosure
and the Fagtigs medipgt.o At Hie enstidofBienformatianaefiaesplisl polymer phase, the

homogeneous fluid medium becomes turbid, which can be observed by eye or can
be detected by shining a laser through the medium and detecting the sudden
increase of light scattering as described in J. Vladimir Oliveira, C. Dariva and

J. C. Pinto, Ind. Eng, Chem. Res. 29 (2000) 4627.

[0022]  Solid-fluid phase transition pressure (crystallization pressure) is defined
as the pressure at which a solid polymer phase separates from the polymer-
containing fluid medium at a given temperature. The solid-fluid phase transition
pressure can be determined by pressure reduction at constant temperature starting
from pressures at which the polymer is fully dissolved in the fluid reaction
medium. At the onset of the formation of a solid polymer phase, the
homogeneous fluid medium becomes turbid, which can be observed by eye or can
be detected by shining a laser through the medium and detecting the sudden
increase of light scattering as described in J. Vladimir Oliveira, C. Dariva and
J. C. Pinto, Ind. Eng, Chem. Res. 29 (2000) 4627.

[0023] The cloud point is defined as the pressure below which, at a given

temperature, the polymer-containing homogeneous fluid medium becomes turbid



shining a heliumlaser through the selected polynerization systemin a
cloud point cell onto a photocell and recording the pressure at the onset
of rapi d woere@are277n | i ght scattering for a given tenpePararseo0ofo02as] A

hi gher a-olefin is defined as an a-olgfin having four or nore carbon atons.
[ 0025] Pol ynerizati on enconpasses any pol ynerization reaction such as
honmopol yneri zati on and copol yneri zation. [0026] Copol yneri zation
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referred to as conprising an ole th present "I n tthe polyner is

t he pol yperposesiof disndiclésuee ahdfthe cldiffiAdbredo, e doud point ideheasaged by be
conpositions having 2-75 nononmer units. [0030] A polyner is defined to be

conposi t Blpinghabelgmgsearthraugh thersshastedipplyserjzoien]systese in 8slowdhpoint

cascade so. referred.to as ser,ies reactor confiquratiqn ar, reactor.s in
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ef fl uent liglint @aﬁgﬂggrfggggﬁglg&ﬁwg&%# d to the next reactor downstreamin

t he react casca ‘uent of the upstreamreactor(s), the
feed of any reactor can be augnented with any conbi nati on of additional

nonorrer , [(g;gg;l ySA ,higeéV@@gﬁin isoaeﬁﬁédfsgltanfd-%ﬁéhpﬁaxgig Youfér fR6¢ carbon

. 1
streans. ] Reactor train or reactor branch or ctor leg refers to a

si ngl e patoymseri zati on reactor or to a group of polynerization reactors of
the in-line blending process disclosed herein that produces a single

pol ymer bl end conponent. If the reactor train contains nore than one
react or , [A028] r e Ralpmerizaéorr enenyppassas aarer pelymesivatignr acaasionyisuehn as he
train. The need for havin nnr? t han one reactor in a reactor train may,
for exanPPROPSPIMIIZHNOR and GAPOlyRETIZAoR -

[0026] Copolymerization encompasses any polymerization reaction of two or

more monomers.

[0027] The new numbering scheme for the Periodic Table Groups is used as

published in CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).

[0028] When a polymer is referred to. as comprising an olefin, the olefin

present in the polymer is the polymerized form of the olefin.
[0029] An oligomer is defined to be compositions having 2-75 monomer units.

[0030] A polymer is defined to be compositions having 76 or more monomer

units.

[0031] A series reactor cascade (also referred to as series reactor configuration
or reactors in series) includes two or more reactors connected in series, in which
the effluent of an upstream reactor is fed to the next reactor downstream in the
reactor cascade. Besides the effluent of the upstream reactor(s), the feed of any
reactor can be augmented with any combination of additional monomer, catalyst,

scavenger, or solvent fresh or recycled feed streams.



conmponent cannot be produced at the desired rate economcally in a single
reactor but there could be also reasons related to blend conponent quality,
such as mebeoca@s2Mei ght or conposition distribution, ePCT/US200802203 eact or
train can conprise nultiple reactors-@nd/ or reactor zones in series, the

si ngl e bl end conponent produced in a reactor train may itself be a pol yner
bl end of polyneric conponents with varying nol ecul ar meights and/ or
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di spersi blendiny prioeegpurdisdesaf bekimi that t bﬁodirce@eas sirfglé hpobmeerblend
di scl osure, parallel reactors will be considered as separate reactor trains
even if eommpopenddulfethegsaetor Araiy contains meoterthan rnenteantorc theptanstars atsa:so
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fall w t&blﬂpbﬁ'éht'danhbﬂse Bt&iidied Gt I@lﬁ@ﬁ@ﬁﬁecﬂtaﬁ@ kossnital§iif a ilﬂgré?{]ea&i@act or

bank refers to the conbination of all polynerization reactors in the

pol ymer i bt there scmuldolme alsa easons | related ofoy andocengiongnpquebitys slichchssed
herein. A rea tor nk may conprise _one or nore reactor trains. [0034] A
par al | el MO ti Bﬁr%@mlﬁl%lq}ﬂ@&“ﬁ%’ Gite- rmgglcreeﬁcﬁeéfi@r otraine 53R or
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reactor train may include two, or three, or four, nmore reactors in
series. démpemdrits avitavatyiap melseccum wetghtsgundiarmnmqboﬁhmqoollhmeverahm on
process disclosed herein, i he combi nation of all parallel

pol yner i 9iler de suBRlily the adeﬁ§f1P6¢1ilns°f méffﬁrcs-'@ét@n pdigents cmfszsl}e NI AEPESES
recycle crlf%tcllocs)e(i %EFerlrsl {he po%mre?itc f))ro { h? aTesdt r&} tr%fin S TetE rreg to simply as
blend component or polymeric blend component regardless of its molecular
weight and/or compositional dispersion. For the purpose of defining the process
of the present disclosure, parallel reactors will be considered as separate reactor
trains even if they produce essentially the same in-line blend component. Also,
spatially separated, parallel reaction zones that do not exchange or mix reaction
mixtures by, for example, pump-around loops, or by other recirculation methods,
will be considered as separate parallel reactor trains even when those parallel
zones are present in a common shell and fall within the in-line blending process

disclosed herein.

[0033] Reactor bank refers to the combination of all polymerization reactors in
the polymerization section of the in-line polymer blending process disclosed

herein. A reactor bank may comprise one or more reactor trains.

[0034] A parallel reactor configuration includes two or more reactors or reactor
trains connected (also referred to as fluidly connected) in parallel. A reactor train,

branch, or leg may include one reactor or alternatively more than one reactor



nononer fed to the reactor divided by the total (fresh plus recycled)
anount of nononer fed to the reactor. [0036] Pol ynerization systemis

defi ned twoheowthe7mononer (s) plus conononer (s) plus pol PeEMS2)090D2283
optional inert solvent(s)/diluent(s)-us optional scavenger(s). Note that
for the sake of convenience and clarity, the catal yst systemis addressed
separately in the present discussion fromother conponents present in a
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system e current definitron, the mxturé present |
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pol ynmeri zati on system plus the catal yst system [0037] A honbgeneous

pol yrrer i oGall pnraéf}tpemm@maaiqmsreacﬂor@faims forosrthomearter banka si ngl e phase

di spersed and m xed on a nol ecul ar scale. In our discussions, honbgeneous

pol ynerifqebtion ystens are rleant, to be in their dense fluid (liquid or
super cri t00330) JdYlapemeggeeyalp datiouielerst tonthe satioolithe BPYREPf 266Yded syst em

ot bo. BRBSITSENS &R BastoL gTRCE Ry (o Gar ol St Byl BB BEncous
syst em npbnBmed fE@ W HeSredbiop, concentration gradients, but there would be no

sudden, di scontinuous changes of conposition on a mcronmeter scale within
the systemas it is the case when, for exanple, solid polyner-containing

particl e0036f sPuppmetdation asgasgse fsl Welfindd) @ asd | g hRINSmerfs)hPMmgeneous
pol ymeri zati on systemhas all of its conmponents in a single dense fluid
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exi st ircophpdiints present in a polymerization reactor. In this regard, the
polymerization system is defined here narrower than customary in the art of
polymerization that typically considers the catalyst system as part of the
polymerization system. In the current definition, the mixture present in the
polymerization reactor and in its effluent is composed of the polymerization

system plus the catalyst system.

[0037] A homogeneous polymerization system contains all of its components
in a single phase dispersed and mixed on a molecular scale. In our discussions,
homogeneous polymerization systems are meant to be in their dense fluid (liquid
or supercritical) state. 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 polymerization system. A homogeneous system
may have regions with concentration gradients, but there would be no sudden,
discontinuous changes of composition on a micrometer scale within the system as
it is the case when, for example, solid polymer-containing particles are suspended
in a dense fluid. In practical terms, a homogeneous polymerization system has all

of its components in a single dense fluid phase. Apparently, a polymerization



a subcritical, or supercritical state, depending on their tenperature and
pressure. To be in the supercritical state, a substance nust have a

t enper at LWe 2ad0n26277t s critical tenperature (Tc) and a pPETAsSe@IANE |tS
critical pressure (Pc). M xtures of hydrocarbons, including m xtures of
nononers, polyners, and optionally inert solvents, have pseudo-criti cal
tenperatures (Tc) and pseudo- critical pressures (Pc), which for many
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supercritical mxtures will be anal ogous to supercritical pure substances.
For pur ppBass diagnam.s di scl osure, the critical tenperatures (Tc) and
critical pressures (Pc) of certain pure substances relevant to the current
di scl osufe are those that found in the HANDB OF CHEM STRY . AND PHYSI CS,
Davi d R 14038}, dite substaness, anc uémﬁjalé@mqwf%mbegs eEncxipegeitherc. New
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ethyl, Pr is propyl, iPr is i sopropyl, n-Pr i's normal pfopyl, Bu is butyl,
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is trinmethylsilyl, TIBA is tri-isobutylalumnum MAO is nethylal um noxane,
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'n wh Chcomponents. 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 therm-odynamic behavior of supercritical
mixtures will be analogous to supercritical pure substances. For purposes of this
disclosure, the critical temperatures (Tc¢) and critical pressures (Pc) of certain pure
substances relevant to the current disclosure 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 Name Tc (K) | Pc (MPa)
(MPa)

Hexane 507.6 [ 3.025 Propane 369.8 4.248

Isobutane 407.8 | 3.64 Toluene 591.8 4.11

Ethane 305.3 | 4.872 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




particul ate, solid polyner (e.g., granular) forns in a dense fluid or in a
| i qui d/ vapor pol ynerization nedium The dense fluid polynerization nedium
can for mWOD26273r two fl ui d phases, such as |iquid, ®GHAS2HO0P28F | uid,
or liquid/liquid, or supercritical f{wd/supercritical fluid,

pol ymeri zation nmedium In a |iquid/vapor polynerization nedium the polyner
resides in the liquid (dense) phase. Slurry polynerization processes

typically enp heterog s—catatyst—patrtict tgh—asZiegher- Natt a
catal ysts or MMM&M&M@QSOI id
pol yneric proddd8-2K5T0a-y adheres to the heterogeneous solid catal yst

particles thus formng a slurry phase. Slurry polynerization processes
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supercritical tenperature, thus solution polynerizations are perforned bel ow
t he supeﬂér1$ fluergnyl.cappisreyclonengadieryl. pr essure. Conventional sol ution

pol ymeri zati on processes typically operate with nore than 65 w % i nert
merization systemat pressures below 13 MPa
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concentration in the liquid polynerization systemis between 20 and 65
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that is inert in polynerization. Advantageously, the solvent is a

paraffinic hydrocarbon of 4-8 carbon atons. o )
[00411/ Slurry polymerization refers to a polymerization process in which

particulate, solid polymer (e.g., granular) forms in a dense fluid or in a
liquid/vapor polymerization medium. The dense fluid polymerization medium
can form a single or two fluid phases, such as liquid, supercritical fluid, or
liquid/liquid, or supercritical fluid/supercritical fluid, polymerization medium. In
a liquid/vapor polymerization medium, the polymer resides in the liquid (dense)
phase. Slurry polymerization processes typically employ heterogeneous catalyst
particles, such as Ziegler-Natta catalysts or supported metallocene catalysts, and
the like. The solid polymeric product typically adheres to the heterogeneous solid
catalyst particles thus forming a slurry phase. Slurry polymerization processes
operate below the solid-fluid phase transition temperature of the polymerization

system.

[0042]  Solution polymerization refers to a polymerization process in which the
polymer is dissolved in a liquid polymerization system, such as an inert solvent or
monomer(s) or their blends. Solution polymerization comprises a homogeneous
liquid polymerization system in the reactor. The temperature of a liquid

polymerization system is below of its supercritical or pseudo supercritical



[ 0044] Supercritical polynerization refers to a polynerization process in
whi ch the pol ynerization systemis in its dense supercritical or pseudo
supercri tWoapmse’@, i.e. when the density of the pol ymBCIrAR2e03M4029&t em i s
above 300 g/L and its tenperature and3pressure are above the corresponding
critical values. [0045] Bul k polynerization refers to a polynerization
process in which the dense fluid polynerization system contains |ess than
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chain. In the production of polyolefins, solvents are typically
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to 8 carbon atons. Note that the polynerization systemmay_ al so contain
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are typigally intro as inpurities present in the nononer feeds. For
t he purpﬁ%@v%fl @h@fﬁ&?@nt di scl osure, the inert diluents are considered
separately fromthe inert solvents, the latter of which are added
intentio fo ' - \/ [ | [ fheir
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supercritical fluid polynerization nmedium such as an inért solvent or
mononer 3.5t MRa (BS@ARO0 pshdehe reagter dempecatiires isatbetwéen $@send b Ghove,
when the supercritical, fl ui plol ymerization systemcontains | ess than 40

I

wt % or $d¥ent ¢pnicestratipnyindhe | lipid i pplymepization systeneds betsem 80 \andh 63 | ess

than 5 0 Fo/| h 1 %,0f . i f. I t he I [
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supercritical polymerization should be di'stingui shed from het érogeneous
super cr i hydrakagbohyofet-Bzarbanatonsuch as for exanple, supercritical slurry
processes, the latter of which are perfornmed in supercritical fluids but
formsolid polyner particulates in the polynerization reactor. Simlarly,
bul k [0044] ~ Supercritical polymerization refers to a polymerization process in
which the polymerization system is in its dense supercritical or pseudo
supercritical state, i.e. when the density of the polymerization system is above 300

g/L and its temperature and pressure are above the corresponding critical values.

[0045] Bulk polymerization refers to a polymerization process in which the
dense fluid polymerization system contains less than 40wt %, or 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. Inert solvents are characterized by their lack of incorporation into
the product polymer chain. In the production of polyolefins, solvents are typically
hydrocarbons comprising 4 to 20 carbon atoms, advantageously S to 10, or 5 to 8
carbon atoms. Note that the polymerization system may also contain inert
diluents that do not incorporate into the product polymer chain. They are
typically introduced as impurities present in the monomer feeds. For the purpose
of the current disclosure, the inert diluents are considered separately from the inert
solvents, the latter of which are added intentionally for their ability to keep the

polymeric products in their dissolved state.



honobgeneous supercritical polymnerization should be distinguished from bul k
sol ution polynerization, the latter of which is perfornmed in a liquid as
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referred to herein as supercritical), solution, or advanced sol ution
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solid polymer particulates in the polymerization reactor. Similarly, bulk
homogeneous supercritical polymerization should be distinguished from bulk
solution polymerization, the latter of which is performed in a liquid as opposed to

in a supercritical polymerization system.

[0047] Exemplary homogeneous polymerization processes are homogeneous
supercritical (also referred to herein as supercritical), solution, or advanced

solution polymerization processes.

DETAILED DESCRIPTION

[0048] Improved processes for monomer/solvent separation and recycle for
supercritical, solution and advanced solution polymerization processes for
propylene-containing polymers and their blends are provided. All numerical
values within the detailed description and the claims herein are modified by.
“about” or “approximately” the indicated value, and take into account
experimental error and variations that would be expected by a person having

ordinary skill in the art.



[ 0052] The nononer/sol vent separation and recycle processes discl osed
herein may al so operate in conjunction with the in-line bl ending processes
descri bedVPrR009/183627Pat ent Appl i cati on No. 60/905, 247 fi | @TAS2M8/063205, 2007,
and U S. Patent Application No. 60/876,-193 filed on Decenber 20, 2006, both
of which are herein incorporated by reference in their entirety. [0053] The
di scl osed nononer/sol vent separation and recycle processes are advantageous
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heated internal recyc e stre e po yner - ean nt fromthe
gravinetric separator is punped back and conbined with the reactor effl uent

stream bRfo30¢ t hehes ARHOME saiaraaém@hdmeapclerlﬁ%amsthél@ywh@ﬁesﬂrrﬁay Enough
heat nust be provided to the conbi ned pol ymer-1lean effluent and reactor
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the lower critical solution_tenperature (alsq referred to LCST) boundary
may be cfesseibadilp Une Rajent hkurr‘géﬁ?y%f) hergin dpeorperated hy refgranse f its uent
stream ng{tgrr entering into the phase separator, such that a polyner-I|ean
phase an ol ymer-rich phase will form phase separate, and exit the
separator. The second requirenent is that enough heat may be added to the
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pol ymer phase exiting e separ at or ave enough heat
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mononer in the
described in U.S. Patent No. 7,279,536, herein incorporated by reference in its

entirety.

[0052] The monomer/solvent separation and recycle processes disclosed herein
may also operate in conjunction with the in-line blending processes described in
U.S. Patent Application No. 60/905,247 filed on March 6, 2007, and U.S. Patent
Application No. 60/876,193 filed on December 20, 2006, both of which are herein
incorporated by reference in their entirety.

[0053] The disclosed monomer/solvent separation and recycle processes are
advantageous when used in conjunction with bulk homogeneous supercritical
(will also be referred to herein as supercritical) and advanced solution
polymerization processes of propylene containing polymers because the provided
benefits allow for the capture of one or more advantages associated with these
processes, namely increased monomer concentration, improved product

capability, and reduced cost of monomer and solvent recycle.

[0054] Some embodiments of the disclosed monomer separation and recycle

processes achieve these benefits by introducing some or all of the heat to the



finishing stage of the process downstream of the gravinetric separator

[ 0055] The one or nore advantages provided by the discl osed nononer

separ at i OMO20¥W/26Xfcl e processes include, but are not | PRIFE30006H032hE
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such thafenjiﬁ’é?ature) to remove / evaporate the residual solvent and monomer in the

finishing stage of the process downstream of the gravimetric separator.

[0055] The one or more advantages provided by the disclosed monomer
separation and recycle processes include, but are not limited to the following: (1)
the polymer-lean effluent contains only low levels of polymer, such that it may
not undergo phase separation upon heating, (2) the polymer-lean effluent
generally has low viscosity, thus requiring minimal energy for pump around and
also has better heat transfer properties, and (3) the heat exchanger required for
heating the polymer-lean effluent can operate at reduced temperatures, thus
reducing its investment and operating costs (4) the internal recycle of the
polymer-lean phase dilutes the reactor effluent, thus reducing its viscosity and

improving its heat transfer properties.

[0056] Figure 1 depicts a process configuration of the prior art monomer
separation and recycle process as described in U.S. Patent No. 7,163,989.
Referring to Figure 1, solvents, catalysts and monomers are fed to the

homogeneous polymerization reactor via high-pressure feed pumps and feed



phases, a pol yner-|ean phase and a polyner-rich phase, are forned. The two
phases are separated in the downstream Lower Critical Solution Tenperature
separ at or\Voapei2e¥ferred to as a "LCST" or a "gravi net r PETASROA23PI or
sinply as a "separator” by letting t-hg i gher-density polyner-rich phase
settle to the bottomand the | ower-density pol yner-|lean phase float to the
top. The polyner-rich phase exits the bottom of the separator after which

it may bg..subj e 0. fur r._processin I.0kNg
sol vent g}}fg%%ﬁ nghggpérTﬁe&%%ﬁ@ggllga%iBﬂ%é iﬁ 3@? tré&ttélg W_?"?ge gﬁﬁt {%lggfs%gggr at or
where i t{)f&)éssi& th&F Y5t 8RbrAmMn Idhel RAcIRAInRECRE iANRMRs I} ihl titaRell - TREE
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phase fromthe separator w oten to stay nolten t ugh e rest

of the ppolyassizatiofitrepstor thahknelie seachert effluchs ai i¢cdlly combihgabbefore
boundary within the heat exchanger. |If two phases (polyner-rich phase and
pol yner - theenping hedtenr Elgwevaedthicy mag alsedhe bsated ingdividnadythe foresthigg ar¢ ng,
then fouling. of the heat exchanger heating surfaces may occur due to the
pol ymer-?(?reﬁmﬁ ase. The prior art separation scheme depicted in Figure 1
has Iimtations on the nonomer concentration. Nanely, as the solvent

concentr gt I s..reduced (or noponer .concentration incgeased at .sone
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pol ymer rmolten through the remaining downStream processing Steps for
recoveri pgv-phaspRl wRidrcefifuefit qedito AMdowrsheade phasd s¢putatopNCTRE rddbudn of
vol atil e organic conpounds (VOCs). These VOCs are typically rel eased into
t he envipanirdhoundari sy qsossedstiraygh Hbe pressure let-down step, such that two
phases, a polymer-lean phase and a polymer-rich phase, are formed. The two
phases are separated in the downstream Lower Critical Solution Temperature
separator, also referred to as a “LCST” or a “gravimetric separator” or simply as a
“separator” by letting the higher-density polymer-rich phase settle to the bottom
and the lower-density polymer-lean phase float to the top. The polymer-rich
phase exits the bottom of the separator after which it may be subjected to further
processing steps to remove the remaining solvent and monomer. The
polymer-lean phase exits the top of the separator where it may be recycled back to
the reactor as shown in Figure 1. The polymer-lean phase from the separator is
typically treated by a recycle treatment step to remove certain components, such
as trace water, hydrogen, and inert components, for example propane, prior to
being recycled to the reactor. The polymer-lean phase from the gravimetric
separator is pumped up to the reactor pressure via a high-pressure recycle pump

before being introduced into the reactor.

[0058] Sufficient heat may be added in the heat exchanger for the reactor

effluent stream, such that the polymer-rich phase from the separator will be hot



polyners into articles of use. Since these pollutants contribute to
ground-| evel ozone, their concentration in the product polyner may need to
be reduceVO2809%4126% | evel . For that purpose, the downst PERMHSEISHEREF ng
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level. For that purpose, the downstream processing steps of the polymer-rich
phase from the gravimetric separator typically involve further solvent and

monomer removal through the use of one or more low pressure separators and

extrusion.



differentiates the reactor pressure fromthe | ow pressures that exist in

t he phase separator and the process steps downstream of the separator.
Consequenwbypoyrexsur e ranges may qualify as high or | oRCprEsseanaez203
depending on the particul ar enbodi nentg. For exanple, in a supercritical

pol ynmeri zati on process that may operate at 100 MPa, the high pressure is
defined as 100 MPa, while the |ow pressure existing in the phase separator
may nean )1{3. 8, MPa rSt e. ot her than i n.a. solution polynerization process

Y 2= GHE 4 EEFINPa, is |ower than the | ow
pressure of 13.8 MPa in the supercritical process. Inportantly, however,
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control neans (e.g. flow control valve) to control the relative flowrate
of the txgactoscyiduentstrcannsloxhe dasglof pwesarumere parallel reactors, two or more

reactor effluent streams may be produced by the reactors. These reactor effluent
streams when polymerizing olefin-based monomers and comonomers are at high
pressure. High pressure is defined as greater than or equal to 1.7 MPa (250 psi),
or greater than or equal to 10 MPa (1450 psi), or greater than or equal to 11.7
MPa (1700 psi), or greater than or equal to 13.8 MPa (2000 psi), or greater than or
equal to 17.2 MPa (2500 psi), or greater than or equal to 20.7 MPa (3000 psi), or
greater than or equal to 24.1 MPa (3500 psi), or greater than or equal to 27.6 MPa
(4000 psi). High pfessure is generally defined to be in the range of 1.7 to 207
MPa (250 to 30,000 psi). In the context of the current disclosure, high-pressure
differentiates the reactor pressure from the low pressures that exist in the phase
separator and the process steps downstream of the separator. Consequently,
pressure ranges may qualify as high or low pressure, depending on the particular
embodiment. For example, in a supercritical polymerization process that may
operate at 100 MPa, the high pressure is defined as 100 MPa, while the low
pressure existing in the phase separator may mean 13.8 MPa. On the other hand,

in a solution polymerization process operating at 11.7 MPa, the high pressure,



pol ymer-1lean recycle stream may be optionally recycled back to the

pol yneri zation reactor(s). The other high-pressure polyner-|ean recycle
stream i swhizoe12bmat ed and t hen recycl ed back to conbi neCmiuskoowhe2ngact or
effluent stream More particularly, -@pe of the two hi gh-pressure

pol ymer-1lean recycle streans nmay be heated in a | ean-phase heater or heat
exchanger to form a heated high-pressure polyner-|lean recycle stream prior
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stream t hrough the pressure | et-down val ve, the
system forms a single dense fluid phase.

[0061] A gravimetric separator is located downstream of the polymerization
reactor and is fluidly connected to the reactor effluent stream(s). A polymer-lean
phase stream from the gravimetric separator is pumped up or pressurized to high
pressure, such as the reactor pressure, via a high-pressure recycle pump to form a
high-pressure polymer-lean recycle stream. The high-pressure polymer-lean
recycle stream is then split into two high-pressure polymer-lean recycle streams
via a tee in the process piping and a flow control means (e.g. flow control valve)
to control the relative flow rate of the two recycle streams. One high-pressure
polymer-lean recycle stream may be optionally recycled back to the
polymerization reactor(s). The other high-pressure polymer-lean recycle stream is
first heated and then recycled back to combine with the reactor effluent stream.
More particularly, one of the two high-pressure polymer-lean recycle streams may
be heated in a lean-phase heater or heat exchanger to form a heated high-pressure
polymer-lean recycle stream prior to being combined with the reactor effluent
stream. The heated high-pressure polymer-lean recycle stream is generally heated

to a temperature greater than or equal to 140°C, or greater than or equal to 160°C,



pressure is reduced to pass the lower critical solution tenperature (LCST)
phase boundary. The pressure of the heated | ow pressure reactor effl uent
m xed st rwarmemngeiye dr opped t hrough the pressure | et-doRoTaskae/082208 r at e
of at least 6 MPa/sec, or 4 MPal/sec,-xmr- 2 MPa/sec. [0064] The heated

| ow- pressure reactor effluent m xed streamexiting the pressure | et-down
val ve then passes into a gravinetric separator to separate a polyner-1|ean
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pol ymer-rich streamthen proceeds for further processing (not shown in
Figure 2) as will be described belowto yield the polyner product, '
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mai nt ai ned bel ow the LCST. The rest of the heat required for achieving the
desi red dlglinvomemeartsents in the final product may be brought in by

[0063] The heated high-pressure reactor effluent mixed stream may then be
optionally passed through a mixing device, such as a static mixer or a mechanical
agitation device, in order to improve the mixing between the polymer-lean recycle
stream and the reactor effluent stream. The heated high-pressure reactor effluent
mixed stream then is passed through a pressure let-down valve to form a heated
low-pressure reactor effluent mixed stream. When passing the heated high-
pressure reactor effluent mixed stream through the pressure let-down valve, the
pressure is reduced to pass the lower critical solution temperature (LCST) phase
boundary. The pressure of the heated low-pressure reactor effluent mixed stream
may be dropped through the pressure let-down valve at a rate of at least 6
MPa/sec, or 4 MPa/sec, or 2 MPa/sec.

[0064] The heated low-pressure reactor effluent mixed stream exiting the
pressure let-down valve then passes into a gravimetric separator to separate a
polymer-lean phase flowing from the top of the separator from a polymer-rich

phase flowing from the bottom of the separator. The polymer-lean phase flowing



a higher-tenperature heated high-pressure polyner-|lean recycle stream This
opti on decreases the heating load required for the heated hi gh-pressure

pol yrer | S8 20¥¢W26378 stream and still provides for no or PRITAISAN/002303 i ng
because there are no heating surface24.e. cenent heater / heat exchanger)
to foul after conbining the heated high-pressure polyner-I|ean recycle
stream and the high-pressure reactor effluent streamto formthe heated

hi gh-pre e.reactor. gf fl uent m xed stream 066],.ln yet anaqt her

21 e hat FOUh e oftit A By a¥SMtoial, biorfed e, poRPRElsh ¥EkeRORkERh gan

m xed St pRAFEEY d?:%cxfib’éd.hefhehgaf Jer-fAcR rﬁﬁ@_erﬂo‘b fon thedofval'drage (not
shown in Figure 2) after the Cortbination point, but before the optional
downst r esgparator nhert becormesitlae pobymerrish rseannr d3supdyhdr-richwtryahvhen

Al t hough this oFtion decreases the heating | oad required for the heated

hi ghpr esBiAcgedofgrmbrtheeprpcessing (Botsthavemin Figure 2) es svilldu dessribed dstaike of
heater | Fhuiiid S Raaaen peabet, eisaftiiing e RELeicrih groGhauty, fuen Be ™"
| - - f h
Peat od nion sl SOV pROCASMLANAhORA ARELSE aRlded "The BRLAHER Iely 1EERIE NS
exenpl ar stresm dEbriiahé separhivr map HeMEDe PRELTELES Bplie ahd sepertivn| oMthensplitecycl e

processes disclosed herein as shown in Figure 3, the reactor effluent
st r eam hsta¢camxhé¢aied cori eombiuiing ewithi the adactbuteffluent streant iasgprfviously heat ed

RIS M PN R PG L Ty
Ref [ . [ ' I dt
e e SThRRERBRD BBVPITR B LK Bt 1

| owpr essyé earP Hs¥BEbeda@dd thery ate ndt heafihg | Surfdtes (¢8PhiERthedtéle/ heat
| ow- pressure punp needs only to overcone the hydraulic resistance in the

recycl e éxdpngegttodoekafiet corabihing thahsatet Haghipeesure polymérelepnirgoyprle | ean
recycle streamto the reactor pressu and th?% requires | ess power than
S).

the recySfeamang t%B]ggly}ggsqqqe réactor effluent Stream
[0065] In an alternative form of the process depicted in Figure 2, the one or
more high-pressure reactor effluent streams may be partially heated in a cement
heater / heat exchanger (not shown in Figure 2) to form a heated high-pressure
reactor effluent stream before being combined with the heated high-pressure
polymer-lean recycle stream. The exit temperature of the reactor effluent heater is
advantageously maintained below the LCST. The rest of the heat required for
achieving the desired low VOC contents in the final product may be brought in by
a higher-temperature heated high-pressure polymer-lean recycle stream. This
option decreases the heating load required for the heated high-pressure polymer-
lean recycle stream and still provides for no or minimal fouling because there are
no heating surfaces (i.e. cement heater / heat exchanger) to foul after combining
the heated high-pressure polymer-lean recycle stream and the high-pressure
reactor effluent stream to form the heated high-pressure reactor effluent mixed

stream.

[0066] In yet another alternative form of Figure 2, the heated high-pressure

reactor effluent mixed stream may be further heated in a cement heater / heat



t he enbodi nent represented in Figure 2 above. The | ow pressure polyner-|ean
recycle streamis then split into two | ow pressure polyner-I|lean recycle
streans W@ ?@0%ee&77n t he process piping and a fl ow cont Polr/use@a®032e3 g. fl ow
control valve) to control the relativ®sflowrate of the two recycle
streans. One | ow pressure polyner-|lean recycle streammay be optionally
recycl ed back to the polynerization reactor(s) after passing through an
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reactor effluent may or may not cross the LCST boundary before mxing it
with thedch‘erastecalpopﬁntbp- peesqure let-down valve, and hence at a low pressure.

Referring to Figure 3, an optional low-pressure recycle pump may be used to
pump the polymer-lean stream from the gravimetric separator to form a low-
pressure polymer-lean recycle stream. In this embodiment, the low-pressure
pump needs only to overcome the hydraulic resistance in the recycle loop, but
does not need to raise the pressure of the polymer-lean recycle stream to the
reactor pressure, and thus requires less power than the recycle pump deployed in
the embodiment represented in Figure 2 above. The low-pressure polymer-lean
recycle stream is then split into two low-pressure polymer-lean recycle streams
via a tee in the process piping and a flow control means (e.g. flow control valve)
to control the relative flow rate of the two recycle streams. One low-pressure
polymer-lean recycle stream may be optionally recycled back to the
polymerization reactor(s) after passing through an optional recycle treatment to
remove impurities and then a high pressure recycle pump. The other low-pressure
polymer-lean recycle stream is recycled back to the reactor effluent stream after
being heated. More particularly, one of the two low-pressure polymer-lean

recycle streams may be heated in a lean-phase heater or heat exchanger to form a



recycle stream In sone instances, the phase separation may only occur
after mxing the | ow pressure heated pol yner-lean recycle streamw th the

| owpr essUWO 20¥0426257 ef fl uent. [0069] The heat ed | ow pr eS€TAB2¢8/00228F - | ean
recycl e stream cont ai ni ng predom nat-@4y- sol vent and nononer is then
conbined with the | ow pressure reactor effluent streanms fromthe reactor(s)
to forma heated | ow pressure reactor effluent m xed stream In this form
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reactor effluent m xed streamis set to ensure that the stream separates

i nt o t wogelearaky heatied tp matsamperdtnee preaperthanioe eqhalttoel 4026 erlgreater than or

| ow- pressurereactqr effluent nixed streamneeds to be high enough to

provi de $d#alitRel 624t @ grastert thaa oF gaualcta d8BduneE ereatsy Ahar g Aquak to

pol yner -4 effluent drawn fromthe botto f th ase _separatpr _and may
Fange. t S e BeCH(oh B e it B e Beiie PG R BeBimZ000c
when pol AR eg{ &8 &F&ih Ns TWPCR’ Thel Hﬁ%%uﬁh?erﬂgataﬁﬁe' PR 5w resduact or

ef fl uent m xed” stream then passes Into a gravinetric separator to separate
a pol ynepolyamr-lphaseecitwisagafr dm thie embodimehe mapabat towér alaa that

pol ymer-rich phase flowi ng fromthe bottomof the separator. The
pol yrer -amﬁwaglfamathq embadimenindetietedop Bigurhd dupte sashing 6o gusecading

| ymer - | ea cycle stream as previously described. The polyner-rich phase
PP omi g HERHPHE Boftont GRe: Rav-BESSPR PolyhEn ec raels gty Buich ey
stream [Jhe. pajper-rich streamthen proceeds for further processing (not

shown in Figure 3) as will be described belowto yield the final polyner
product. The polyner-lean recycle streamfromthe separator may then be

split anmos8por tTHN KEhipiesstbd | feadidre3EMNGRT SHedf(s)C QTDbrYuBt Wot Nolee -
reactor effluent streamas previously described. I'n the formof the nononer
| sol venpresaparkst ipassingdhragic hepesaresleedodmpialivedtol fork gu v Prasmire
descri bed above, fouling may not be an |issue because there are no heating
sur f acesreprtos efflugphsirpamt o Whem @assing tharigastor iedflpgnt stream through the

pressure let-down valve, the pressure is reduced to pass the lower critical solution
temperature phase boundary of the low-pressure mixed reactor effluent stream
formed by mixing the low-pressure reactor effluent and the heated low-pressure
polymer-lean recycle streams. Note that the low-pressure reactor effluent may or
may not cross the LCST boundary before miXing it with the heated polymer-lean
recycle stream. In some instances, the phase separation may only occur after
mixing the low-pressure heated polymer-lean recycle stream with the low-

pressure reactor effluent.

[0069] The heated low-pressure polymer-lean recycle stream containing
predominately solvent and monomer is then combined with the low pressure
reactor effluent streams from the reactor(s) to form a heated low-pressure reactor
effluent mixed stream. In this form, generally the heated low-pressure reactor
effluent mixed stream will not form a single phase, but will be present as two
phases after combining the two streams, i.e, the pressure and temperature of the
heated low-pressure reactor effluent mixed stream is set to ensure that the stream

separates into two dense fluid phases. The temperature of the heated low-pressure



after conbining the heated | ow pressure polyner-|lean recycle streamand the
| ow pressure reactor effluent stream(s). [0071] In an alternative form of

t he proce¥920ei2627€d in Figure 3, the one or nore hi gh- BEEASR008/0pR28Et or
effluent streans may be partially hed%d in a cenent heater / heat
exchanger (not shown in Figure 3) to forma heated high-pressure reactor
ef fl uent stream before being passed through the pressure |et-down val ve.
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al so optionally be two or nore serjes . .
polymer-lean recycle stream from the separator may then be split and a portion of
the split stream heated for combining with the reactor effluent stream as
previously described. In the form of the monomer / solvent separation and recycle
processes depicted in Figure 3 and described above, fouling may not be an issue
because there are no heating surfaces (i.e. cement heater / heat exchanger) to foul
after combining the heated low-pressure polymer-lean recycle stream and the low

pressure reactor effluent stream(s).

[0071] In an alternative form of the process depicted in Figure 3, the one or
more high-pressure reactor effluent streams may be partially heated in a cement
heater / heat exchanger (not shown in Figure 3) to form a heated high-pressure
reactor effluent stream before being passed through the pressure let-down valve.
The heat added to the reactor effluent is augmented by the heat added in a
separate heat exchanger to the low-pressure polymer-lean recycle stream. This
option decreases the heating load required for the heated low-pressure polymer-
lean recycle stréam and still provides for no or minimal fouling because there are
no heating surfaces (i.e. cement heater / heat exchanger) to foul after combining

the heated low-pressure polymer-lean recycle stream and the heated low-pressure



reactors, or two or nore parallel reactors, or a conbination of series and
paral l el reactors. Referring to Figure 4, the solution, or advanced

sol uti on WO 28appe627¢ri ti cal pol ymeri zation reactor yiel deca/useglopessur e
reactor effluent stream For the casegpf two or nore parallel reactors, two
or nore reactor effluent streans may be produced by the reactors. [0074] A
gravinetric separator is |ocated downstream of the pol ynerization reactor

and is fluidl nnected to the reactor effluent stream(s)..qlhe qgr.avinmetric
separ at olr'e%ﬁfodﬁfﬁﬁg‘n ShSW‘pf%égﬂpet oRSAES IPWARICSIES Feacion sdduspt %EF‘FFy
conposedg@péafononer and in nost instances solvent (solvent is essentially

absent in bulk solution and bul k honbgeneous supercritical polynerization
processes) and a polynmer-rich stream the latter of which nmay be further
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hi ghpressure pol yner-1|ean recycle stream may be conbined with the reactor
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pol ymer -] ean, recycl e stream cont aj.ni n redom nately sol vent and nononer is
then contfn&ls ﬁﬂ%ﬁ“ LB Vcﬁpoﬁlﬁpﬁoﬂiogﬁﬁ?ﬁ&(g]ure reactor effluent streans
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heat exchanger and pressure own' va ressure feactor
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device, such as a static m xer or a nechani cal
polymer-lean recycle stream is not heated prior to combining it with the reactor
effluent. Instead, the heating occurs after the high-pressure reactor effluent -
stream and the high-pressure polymer-lean recycle stream are combined. The
single reactor depicted in Figure 4 may also optionally be two or more series
reactors, or two or more parallel reactors, or a combination of series and parallel
reactors. Referring to Figure 4, the solution, or advanced solution or super-critical
polymerization reactor yields a high-pressure reactor effluent stream. For the case

of two or more parallel reactors, two or more reactor effluent streams may be

produced by the reactors.

[0074] A gravimetric separator is located downstream of the polymerization
reactor and is fluidly connected to the reactor effluent stream(s). The gravimetric
separator produces a low-pressure polymer-lean recycle phase primarily
composed of monomer and in most instances solvent (solvent is essentially absent
in bulk solution and bulk homogeneous supercritical polymerization processes)
and a polymer-rich stream, the latter of which may be further processed to obtain

the final polymeric product typically in the form of solid pellets. The



agitation device, in order to inprove the m xing between the pol yner-Iean
recycle streamand the reactor effluent stream [0075] The high-pressure
react or eWPI2082637 xed stream may be heated in a cenent PREAIS2¢0900228u¢t
exchanger after the conbination poi 27 but before the downstream pressure

| et-down valve in order to increase the tenperature of the streamto forma
heat ed hi gh-pressure reactor effluent m xed stream The tenperature of the

heat ed hjgh-pressure,reactor effluent m.xed stream.n st hi gh, enough
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pol ynerl ean recycle streamallows for nore heat to be added to the heated
hi gh- pr e¥Bahigh-pressure polymesrleamrecyglestreammisviencsspliy dntgi tip highrprgssura t he
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MPa/ sec, or 2 MPg/sec ,through,the pressure |et-do valve. [0077]. The
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stream Bohighspressune seactrmetifesnt pmixed sbrepmy 1 [hesse W YEeams @6 (not

shown I no§hBifed aRer e YhdctorandBEoLE YohtsBam heat exchanger and pressure

let-down valve. The high-pressure reactor effluent mixed stream may then be
optionally passed through a mixing device, such as a static mixer or a mechanical
agitation device, in order to improve the mixing between the polymer-lean recycle

stream and the reactor effluent stream.

[0075] The high-pressure reactor effluent mixed stream may be heated in a
cement heater / heat exchanger after the combination point, but before the
downstream pressure let-down valve in order to increase the temperature of the
stream to form a heated high-pressure reactor effluent mixed stream. The
temperature of the heated high-pressure reactor effluent mixed stream needs to be
high enough to provide for the heat of volatile organic compounds removal from
the polymer-rich effluent drawn from the bottom of the phase separator, and may
range from 120°C to 200°C, or from 120°C to 180°C, or from 140°C to 200°C
when polymerizing olefin monomers. The presence of the high-pressure polymer-
lean recycle stream allows for more heat to be added to the heated high-pressure

reactor effluent mixed stream while avoiding fouling in the heat exchanger.



to yield the final polynmer product. The polyner-|lean recycle streamfrom
the separator nmay then be pressurized for conbining with the reactor

ef fl uent WORBMM26 7pr evi ousl y descri bed. [0078] In an alPCEA$AH0Pe22pdr m of
Figure 4, the one or nore high-press®8e reactor effluent streans may be
partially heated in a cenment heater / heat exchanger (not shown in Figure
4) to forma heated high-pressure reactor effluent stream before being

Cenper ot W76h ' e hERRITER phEssPR Keitor, ERMRE RRe RS Mencii paspese
mai nt ai “ﬁ*ﬁ'o@%{ q rEgﬁlréSﬁgdé]\QanaW f(%) go Ql %a&éﬁ'l%@%&é&u@?e&%ﬁ@fﬂd&%@t er.

Thi s option decreases eating required ownst ream cenent heater

I heat emirahggeamf t eVhewrpassinggthehBedted thighqasssire reactoprefithiuarikedt r eam
and the highpressure polyner-|lean recycle stream Pol yneri zati on process :
[0079] THecampshroagh thel pressure det-dowprades; s thepressuee soraduced tprpasedhe an

| eastloaRs ik GO TP GRS RRSR AR | 168 PreSHITEHgh LeheHhr o nhy
be 2 i nghyepRRlMFEEFdE i ARERAARE sBEarh Y0P beBRbApSRh! SSaleEBE ROl 67 11O

or nore par reactors or a conobination or ser S ana par reactors

for produFangct be4 MRatses, @f 1 MRdtecsthi6agH the préégire leld@wnatwe. par al | el
reactor trains are utilized, the downstream gravinmetric separator nay al so

act as a blender for blending the conbined reactor effluent streans to
produce @0A7Enddthepbegtedr low giressnas acadtor agffiueno mixedp strpgine eritmpndher , any
ot her nononer having one or nore (nonconjugated) aliphatic double bond(s)
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such as fryml dpertopnef thychepueatonebeconedso b apblgneer-learc .recycle stream as
previously described. The polymer-rich phase flowing from the bottom of the
separator then becomes the polymer-rich stream. The polymer-rich stream then
proceeds for further processing (not shown in Figure 4) as will be described below
to yield the final polymer product. The polymer-lean recycle stream from the

separator may then be pressurized for combining with the reactor effluent stream

as previously described.

[0078] In an alternative form of Figure 4, the one or more high-pressure reactor
effluent streams may be partially heated in a cement heater / heat exchanger (not
shown in Figure 4) to form a heated high-pressure reactor effluent stream before
being combined with the high-pressure polymer-lean recycle stream. The
temperature of the heated high-pressure reactor effluent stream may be maintained
below the LCST in order to avoid fouling in the cement heater. This option
decreases the heating load required by downstream cement heater / heat
exchanger after combining the high-pressure reactor effluent stream and the high-

pressure polymer-lean recycle stream.



nor bornene, and the |ike. [0080] Any polymnerization catal yst capabl e of
pol yneri zi ng the nononers disclosed can be used if the catalyst is

suf fi ci erVDRO2P27@ under the pol yneri zati on condi ti ons PErASRYEMR2AEr ei n.
Thus, Goup-3-10 transition netals ca&@9form suitable polynerization

catal ysts. A suitable olefin polynerization catalyst wll be able to
coordinate to, or otherw se associate with, an al kenyl unsaturation.

1l ust rah'! ¥§!er§iﬂ‘ EOt lc: sgiti ng, olefin polynerization catalysts include

Zi egl er - fipounds, netal |l ocene catal yst conpounds and ot her
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ful |y i neastpeneofthehmoniomeny or ebaranemers Noihized as prepremet Theremayrtsia

heteroar%/.l Lai Eﬁa&d cat aJ yst cg(gg)ounds are descri.bed in detail in PCT Patent
Publ i cat P8R MCRZBLUSSY EHE5Y, ARTWE/B DO SEHES) ESASOES, (Qf BY§ orgore

03/ 04020 . 52)., 442
(pages Zﬂ’?tl(ap gﬂ%if t%r\%\B} %0(8)21}%%%@39 %zg(r% ggéé én& %g?dgf]etl %%%(%&I'SCQI iR 5%?‘% gﬁg No.
11/ 714, Sfactopagilueht Yéd(s).S WRERItWo 6&09{0@%&@1&1 R¥adtef eafitCere hiPRH, The
catal yst conpounds described herein are conbined with activators for use
her ei n. the doownsteam gravidetiiosdpamtanmay aiso actt asoa biénderdipe lendihgtthe

i ncr eases tB_e rate at ich a netal cong)l ex pol yperizes unsaturated
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activators.” [0082] The catal yst conpounds described herein include a
support Brtmplazy orormamerseinclade ethybgieg, ptdpylare and nordefias,alsysh as
conponents and/ or one _or nore actjvators can be depogsited on, contacted
with, vap¥eneddhgxene-1perpteag-1.qanddecene-1, substituted olefins, such as styrene,

paramethylstyrene, vinylcyclohexane, etc., non-conjugated dienes, such as
vinylcyclohexene, etc., a,m-dienes, such as 1,5-hexadiene, 1,7-octadiene, etc.,
cycloolefins, such as cyclopentene, cyclohexene, cyclohexadiene, etc.,

norbornene, and the like.

[0080] Any polymerization catalyst capable of polymerizing the monomers
disclosed can be used if the catalyst is sufficiently active under the polymerization
conditions disclosed herein. Thus, 'Group-3-10 transition metals can form suitable
polymerization catalysts. A suitable olefin polymerization catalyst will be able to
coordinate to, or otherwise associate with, an alkenyl unsaturation. Illustrative,
but not limiting, olefin polymerization catalysts include Ziegler-Natta catalyst
compounds, metallocene catalyst compounds and other non-metallocene catalyst
compounds. Particularly useful metallocene catalyst and non-metallocene catalyst
compounds (such as nonmetallocene metal-centered, heteroaryl ligand catalyst
compounds) are those disclosed in paragraphs [0081] to [0111] of U.S. Serial No.
10/667585 and paragraphs [0173] to [0293] of U.S. Serial No. 11/177004, the

paragraphs of which are fully incorporated herein by reference. Nonmetallocene



I ncorporated within, adsorbed or absorbed in, or on, one or nore supports
or carriers. [0083] The support material is any of the conventional support
mat er i al swoRn@feszbl y, the supported naterial is a porom€TAspEoid22nnt eri al ,
for exanple, talc, inorganic oxides -@pd i norgani c chlorides. O her support
material s include resinous support materials such as polystyrene,
functionalized or cross-linked organic supports, such as pol ystyrene
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[0082] The catalyst compounds described herein include a support material or
carrier. For example, the one or more catalyst components and/or one or more
activators can be deposited on, contacted with, vaporized with, bonded to, or
incorporated within, adsorbed or absorbed in, or on, one or more supports or

carriers.

[0083] The support material is any of the conventional support materials.
Preferably, the supported material is a porous support material, for example, talc,
inorganic oxides and inorganic chlorides. Other support materials include
resinous support materials such as polystyrene, functionalized or cross-linked
organic supports, such as polystyrene divinyl benzene polyolefins or polymeric
compounds, zeolites, clays, or any other organic or inorganic support material and

the like, or mixtures thereof.

[0084] Compounds that destroy impurities without destroying the catalyst are
referred to as scavengers by one skilled in the art of polymerization. Impurities
can harm catalysts by reducing their activity. Scavengers can be optionally fed to

the reactor(s) of the process disclosed herein. Catalytic activity can be defined
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to 20 cSt at 25C; and the average nol ecul ar weights in the range of 100 to
300 g/ noput are not limited to, aluminoxanes, such as methyl aluminoxane. The scavenger
can also be introduced to the reactor with the monomer feed or with any other
feed stream. In one particular embodiment, the scavenger is introduced with the
monomer-containing feed. The scavenger can be homogeneously dissolved in the
polymerization polymerization system or can form a separate solid phase. In one

particular embodiment, scavengers are dissolved in the polymerization system.

[0086] With regard to the polymerization system, diluents and solvents are
those that are soluble in and inert to the monomer and any other polymerization
components at the polymerization temperatures and pressures used. Exemplary
solvents/diluents for use in the disclosure include one or more of C,-C,4 alkanes,
more particularly propane, n-butane, i-butane, n-pentane, i-pentane, n-hexane,
mixed hexanes, cyclopentane, cyclohexane, etc., single-ring aromatics, such as
toluene and xylenes. In some embodiments, the diluent comprises one or more of
ethane, propane, butane, isobutane, isopentane, hexanes, and octanes. In some

embodiments, the diluent is recyclable.



[ 0088] As previously described, one or nore reactors in series or in
parallel, or a conbination of series and parallel reactors may be used to
produce OMO 2009/126378 reactor effluent streans. The cat al PST/USaiM8603383 and
activator can be delivered as a sol wt32on or slurry, either separately to
the reactor, activated in-line just prior to the reactor, or preactivated
and punped as an activated solution or slurry to the reactor. An exenplary
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25°C) is from 0.5 to 20 cSt at 25°C; and the average molecular weights in the

range of 100 to 300 g/mol.

[0088]  As previously described, one or more reactors in series or in parallel, or
a combination of series and parallel reactors may be used to produce one or more
reactor effluent streams. The catalyst compound and activator can be delivered as
a solution or slurry, either separately to the reactor, activated in-line just prior to
the reactor, or preactivated and pumped as an activated solution or slurry to the
reactor. An exemplary operation is two solutions activated in-line.
Polymerizations are carried out in either single reactor operation, in which
monomer, comonomers, catalyst/activator, scavenger, and optional modifiers are
added continuously to a single reactor or in series reactor operation, in which the
above components are added to each of two or more reactors connected in series.
The catalyst components can be added to the first reactor in the series. The
catalyst component can also be added to both reactors, with one component being

added to first reaction and another component to other reactors.



Commerci al autocl ave pressures are typically greater than 5 MPa with a

maxi mum of typically | ess than 20 MPa. The maxi num pressure of commerci al
aut ocl ave¥O 2h9NB0¥7, can increase w th advances in nmech&ird@R008M6320&er i ng
and material science. Wen the autocl3dwe has a |ow |l ength-to-dianmeter ratio
(such as less than four), the feed streans are typically injected at only
one position along the length of the reactor. Reactors with |arge
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stirrer. pdlhareizhtish stk iig €t hamogeRowd vonditiohe Suitslsleanéaction &ebydls Or
nore zones. M xing blades on the stirrer can differ fromzone to zone to
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I ndepend in the separate zones. Two or nore aut‘ggl aves W th one or
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tailor pﬁlbiﬂﬁ?ra %&E&%Auﬁlﬁﬂé&\?\%&gﬁﬁ%ﬁé ogﬁﬁﬁ_%ade consists of two or nore

reactors connected In series, iIn uent of at |east one
upstreamreactor is fed to the next reactor downstreamin the cascade.
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the series cascade can be augnent ed%\/&s?h any conbi nation of aﬂdltlonal
nmonorer , proaidel \better oprodloktieity, fandsthus toedywke prodection r essts .cohtmuons nor e
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1:1 to 20:1 and are fitted with a high-speed (up to 2000 RPM) multiblade stirrer.
Commercial autoclave pressures are typically greater than 5 MPa with a
maximum of typically less than 20 MPa. The maximum pressure of commercial
autoclaves, however, can increase with advances in mechanical engineering and
material science. When the autoclave has a low length-to-diameter ratio (such as
less than four), the feed streams are typically injected at only one position along
the length of the reactor. Reactors with large length-to-diameter ratios can have
multiple injection ports at nearly the same position along the length of the reactor
but radially distributed to allow for faster intermixing of the feed components with
the polymerization system. In the case of stirred tank reactors, the separate
introduction of the catalyst is possible. Such introduction prevents the possible
formation of hot spots in the unstirred feed zone between the mixing point and the
stirred zone of the reactor. Injections at two or more positions along the length of
the reactor are also possible. For instance, in reactors where the length-to-

diameter ratio is around 4-20, the reactor preferably can contain up to six different



cascade creating a conbination of series and parallel reactors. [0091]
Tubul ar reactors are also well suited for use in various enbodi nents of the
i nvent i orworeese2pxrt i cul arly tubul ar reactors capabl e ofPCofse@vion2osp t o
300 MPa. Tubul ar reactors are fitted34ith external cooling and one or nore
I njection points along the (tubular) reaction zone. As in autoclaves, these
I njection points serve as entry points for nononers (such as propyl ene),
one or re.compnomer, catalyst, or mxtures of these. In tubular reactors,
ext er nal TAEAITLBOS P B%s AitioRallys e dhidAtsRe Al Lrs AiF PLmore laterl o

aut ocl av xinthevicds'ippBl BEHiSESpLQY HittBR TRENRINBARNIcANAnSIIgs lvigant
heat renoval. Tubulapbreactoﬁgﬁhgve a speci a eo&??%t vaﬁve {%at caﬁ send a

pr essur ethStantdoiaveima twoeordnateorgndsheMixihg blddes dohthekstirme daal disfed fiinpdge
any polyner residue that has forned on reactor walls during operation.
Anot her ~ %RRe 1ofzangde ko fora differepb degreeiof plag flayy andtback meixingdargely
snoot h, unpolished iLnternal surfaces.. . Tubul ar react?rs cagho erate at

pr essur eNIGBCREENEY e I{AIC STRATRAICAWESh| | WRAFMOE gRIRSIaNEs 1% 0PI RIOLF 5
& . . .
engt by dfes CaRTBRAES IHEUACS $as G b 1ot RIS (AL Rl Btymer

aut ocl avstuotiuteh AURtic8 red@8E taIcade BdNFsEO0 S BV Y Br inforRHRasiof® 8bin&dted e
invention. In such instances, the autoclave typically precedes the tubular
react or garieshén wiich the sffienteaf addeast ann wpgieoam ecaatar is fod ta thamsixt el
reactor confi gar ation. Such,syste an haé/e |

C I nj ectj on of additional
cat al yst FeaRQF ofloVBYgeaR (b HBRt §aS§tan3§eV(§%ﬁl itﬂ? s® 'dd‘ef‘ﬁe(’fal}h%d‘l&iﬁ@a&hd nor e

parti cul ) t tocl av a ul ar
par 12U ki) 40 ot WY phRAH ik QQREL chivaliecll B SRR 1E) 1P
t enper at grabidatibe ! SPMadditiBhAY hilhotfer] 'Watal$RO b ROV frélihs o BEYRIS by Mer
production within the limts of maxinum operating tenperaturée. |In autoclave
oper at i ostreamspr #m@aoe mapacactoss asn sisr be@rranged inta partadle]l coefigemtionon

eady state if fhe first mxing zone has sope backm xin

reaches
char act eﬁ%m widughagmgg é‘l‘Cer%F@hSIr arrangements gre salled mackar twring| gj"jeé%ket ed

reactor trains in turn can themselves comprise one reactor or a reactor series

cascade creating a combination of series and parallel reactors.

[0091] Tubular reactors are also well suited for use in various embodiments of
the invention, more particularly tubular reactors capable of operating up to 300
MPa. Tubular reactors are fitted with external cooling and one or more injection
points along the (tubular) reaction zone. As in autoclaves, these injection points
serve as entry points for monomers (such as propylene), one or more comonomer,
catalyst, or mixtures of these. In tubular reactors, external cooling allows for
increased monomer conversion relative to an autoclave, where the low surface-to-
volume ratio hinders any significant heat femoval. Tubular reactors have a
special outlet valve that can send a pressure shockwave backward along the tube.
The shockwave helps dislodge any polymer residue that has formed on reactor
walls during operation. Another way of addressing wall deposits is to fabricate
the tube with smooth, unpolished internal surfaces. Tubular reactors can operate

at pressures up to 300 MPa and preferably have lengths of 100-2500 meters and



tubing is heated rather than cooled and is operated continuously. A

wel | - desi gned tubul ar reactor is characterized as plug flow Plug flowis a
fl ow pat t\NORMRMR7H ni nal radial flow rate differences. PCH/UR08/0M20% i zone
aut ocl aves and tubul ar reactors, catayst can be injected at the inlet, and
optionally at one or nore points along the reactor. The catal yst feeds
injected at the inlet and other injection points can be the sane or
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separation occurs. Therefore, the downstream separation vessel contains a
pol yner-rich phase and a pol yner-1|ean phase. The autocl ave or tubul ar
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a critical point can be determ ned. The pressure need only be high enough
t hat t hepatiepldrbnalongthdtubededgtised agai nst standard cooling water. The
liquid recycle stream can then be recycled to the reactor with a liquid

punpi ng %stem i nstead of the hyper-conpressors required for polyethyl ene
units. THO%E atlnydogh | awtoglayesupndi ubiar reaporsat @t wijectionad feeds: rase

nononer conceptrati n the liquid polymer phase that will result in a
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catal yst poisons fromthe recycled propyl ene rich nononmer streame.g., by

t he use ot dfitsretbiereactinnsaabhes steady istate if the first mixing zone has some back-
mixing characteristics. In tubular reactors, the first section of double-jacketed
tubing is heated rather than cooled and is operated continuously. A well-designed
tubular reactor is characterized as plug flow. Plug flow is a flow pattern with
minimal radial flow rate differences. In both multizone autoclaves and tubular
reactors, catalyst can be injected at the inlet, and optionally at one or more points
along the reactor. 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, the downstream separation vessel contains a
/polymer-rich phase and a polymer-lean phase. The autoclave or tubular reactor
effluent is depressurized on entering the high pressure separator (HPS). In

polymerizations based on propylene, alternative choices are open to the design

relative to classic high pressure polyethylene process technology.



scavenging with an alum num al kyl. [0095] Alternatively, the HPS can be
operated over the critical pressure of the nononer or nononer bl end but
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seconds, refuirgd (geg., {a; proyent reactions in the high pressure recycle) then provision
must be made to remove any potential catalyst poisons from the recycled
propylene rich monomer stream e.g., by the use of fixed bed adsorbents or by

scavenging with an aluminum alkyl. |

[0095]  Alternatively, the HPS can be operated over the critical pressure of the
monomer or monomer blend but within the monomer/polymer two-phase region.
This is the economically beneficial method if the polymer is to be produced with a
revamped high-pressure polyethylene (HPPE) plant. The recycled HPS overhead
is cooled and “dewaxed” before being returned to the suction of the secondary.

compressor, which is typical of HPPE plant operation.

[0096] The polymer from this intermediate or high pressure vessel will then go
through another pressure reduction step to a low pressure separator. The
temperature of this vessel will be maintained above the polymer melting 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 the condenser and pumping system

referenced above.



25, 30 and 60 m nutes. Practical maxi numresidence tines can be sel ected
from5, 10, 15, 30, 60 mnutes. In general, the enbodi nents of the

i nvent i orWORWsR6378si dence tinmes of from1 minute to 60PRTATREL0026 e
particularly 2 mnutes to 30 m nutes.3700100] Dividing the total quantity
of polymer that is collected during the reaction time by the anount of
nononmer added to the reaction yields the conversion rate. The
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[00102] When nultiple reactors are used, e pro uction pol yrer ends
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seconds to 30 minutes, or from 2 minutes to 30 minutes. In some embodiments,
the residence time can be selected from 10, 30, 45, 50 seconds, 1, 5, 10, 15, 20,
25, 30 and 60 minutes. Practical maximum residence times can be selected from
5, 10, 15, 30, 60 minutes. In general, the embodiments of the invention choose
residence times of from 1 minute to 60 minutes; more particularly 2 minutes to 30

minutes.

[00100] Dividing the total quantity of polymer that is collected during the
reaction time by the amount of monomer added to the reaction yields the
conversion rate. The monomer-to-polymer conversion rate for the described
processes can be as high as 90%. For practical reasons, for example for limiting
viscosity, lower conversions could be desirable. In addition, for practical reasons,
for example for limiting the cost of monomer recycle, minimum conversions may
be desired. Thus, the process can be run at practical conversion rates of 80, 60 or
less percent, 3-80, 5-80, 10-70, 15-70, 20-70, 25-60, 3-60, 5-60, 10-60, 15-60, 20-
60, 10-50, 5-40, 10-40, 40-50, 15-40, 20-40, or 30-40 percent conversion,

preferably greater than 10, or greater than 20 percent conversion.



using at least two reactors in parallel or series. The honopol yners could
be pol ypropyl ene, pol ybutene, polyhexene, polyoctane, etc. In one

enbodi merWO 200912 opol ymer conpri ses pol ypropyl ene, poP¢BESY08{962203

pol yhexene, and pol ystyrene. |In anot-I88r- enbodi ment, the honopol yner is

pol ypropyl ene. The copol yners coul d be any two- or three-conponent

conbi nati ons of ethylene, propylene, butene-1, 4-nethyl pentene-l, hexene-1,

octene-1 ene, I . 5-hexadiene. and 1, 7- ' not her
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1, 5-hexadi ene, and 1, 7-octadiene. I n yet another enbodi nent, the copol yner

i s an etlmingdiffereny neoleculpr opyglermnduiteneal capabilitieeakows aemrlelvariety
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tenperature and when its pressure exceeds its critical, or pseudo-critical
pr essur dhe[secarglifeagfoen ni xt ures change their phase by virtue of changes in
t enper at ur e,

[00102] When multiple reactors are used, the production of polymer blends is
possible. In one embodiment, homopolymer and copolymer blends are made by
using at least two reactors in parallel or series. The homopolymers could be
polypropylene, polybutene, polyhexene, polyoctane, etc. In one embodiment, the
homopolymer comprises polypropylene, polybutylene, polyhexene, and
polystyrene. In another embodiment, the homopolymer is polypropylene. The
copolymers could be any two- or three-component combinations of ethylene,
propylene, butene-1, 4-methylpentene-1, hexene-1, octene-1, styrene, norbornene,
1,5-hexadiene, and 1,7-octadiene. In another embodiment, the copolymers are
made from a two-component combination of ethylene, propylene, butene-1,
hexene-1, styrene, norbornene, 1,5-hexadiene, and 1,7-octadiene. In yet another
embodiment, the copolymer is an ethylene-propylene, propylene-butene-1,
propylene-hexene-1, propylene-butene-1, ethylene-butene-1, ethylene-hexene-1,
ethylene-octene-1 copolymer. When the polymer blends are made in a series
reactor cascade, one or more upstream reactors are fed with a single monomer-
containing feed, while the feed of one or more downstream reactors is augmented

with a comonomer feed stream.



pressure, and/or conposition, they are said to cross phase boundari es,

whi ch may be represented as a | ocus of points (curves) on

t enper at Wwe-2pees2ire di agrans, where said curves apply PoTasedogiomes of a
gi ven conposition. For purposes of t{g% di sclosure, the phase boundaries
between fluid and |iquid phases will be called fluid-liquid phase
boundaries and transitions of tenperatures or pressures that cross these

boundar i be referr to flyd-liquid transitions. For purposes of
this di st séppg OB%§§DBWB§@S?W$§°B%%S n the single homogeneous fl uid
and two PH)’LSE@]%HAQ/‘IUI? d) phases will be called cloud point curves. As a
honmogeneous single fluid (liquid or supercritical fluid) m xture crosses

the cloud point, it is transformed into two phases of different densities

and conppE0103pnsThe \pHaseeof RChydro@arbohe of IfixgureodbMhy&roicfboiis! suéle asaher r ed
to by its cloud point pressure. The cl oud poi nt pressure can be

exper i mepobmerizationrsystem) arshe ipelymessich®ranondmethrichphabes foxming flomat a
gi ven tenperature, the pol ynerj za&i on system becomes turbjd, as ,deﬁ?gri bed in
J. M adi Togfization: sysiem v dhg one or mqf@o,semat.ortn@f thedisclased 29

&
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sel ect edgRImEBYhARI BdperSt A rhiktdretd gﬂalse%h%ece%iﬂer 981iQ, VaptCligeRd, lrand
recording the pressure at the onset of rapid increase in light scaftering
for a gi asnperenfiealbfluide. Féppurpospo o€ shisfdisdlbsiaty titel superdritical | ftuid pgimset
curve of a typical polynerization nmediumis depicted in Figure 6 ( 1 bar =

100 kPa) maycihimmgs sk begeiersed taaptheduid Rlased A anixtare s dietgrmiaed tpet ween
solids apd.liguids or.between solids,and supercritical flui.ds).w |l be
caled oBf i g RheRiiRE MG, Piieavninar KREbFPin Srsed 1€ Yitaluef)
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will be called sz)clai dgb?ﬁ%éllg (or solid- Ini quSi 3? %iﬁéns?ﬁ%ﬁg. Iﬂ% sflquigﬁe’ goi nt on
a sol i d- pseuidd-dritica$ présdutd. qui d) phase boundary may be referred to as
solid-fluid (or solid-liquid) transition tenperature. However, many of
m xtures referred to in this disclosure exhibit two different solid-fluid
(or sol i 0104l dyhpnasixturesichange theitphasedinyirtue ofhehatigesdnitemperatuteg phase
change. ‘.- . . .
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 given composition. For purposes of
this disclosure, 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 disclosure, 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 disclosure and the

claims thereto, the cloud point is measured by shining a laser through the selected



One is for nelting, i.e. when the direction of phase change is froma solid
or froma solid-fluid mxture to a fluid phase (one or nore liquid or
supercri twoabo¥i2ed7d phases) without solids, and the ot h@CTits2609/002203
crystallization, i.e. when the direct4pan of phase change is froma
solids-free fluid (one or nore liquid or supercritical fluid) phase to a
phase conprising a solid phase. Wen it is necessary to differentiate

bet ween t hese t types of. transitions, e ter | t.i ng,and ..
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transitions are determ ned by shining a heliumlaser through the sel ected
pol yrrer i mediwm isrdepigtad in Egured 6 (bbav=al (fhkPa)cel | and recording the
tenperature (at a given pressure) at the onset of rapid increase in |ight

scattering indicating the formation of a solid phase (crystallization), or
at the oﬂgbwsbf Rhasegiaiindenes detween Isofjds andaflusdsi (e helfiveseni sgfidshend

di sappeaj.ance of a solid ase_(nel ting) Qr_.purpqses of il r.at i on,
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both the [ ' i : ' [ i on
roct um af b off 6, AR Bles RS VABRG, Alse hRbaR LRI HEBEIBEY hove,
t he neasHLRITRSH solid- RGFAIT phase Bath@sridsSwile be! dallRE%obd-fiaid (Wi sHlidLlighid) ¢l oud
poi nt pressure neasurenents at a variety of tenperatures for a given
conposi t transitiong. ude singkd pgintlom @sphdifledt @r sobidAogisd) phesd bedndary nay
Viadimr Qdiyeira, C riva and J ., C Pinto, .I.nd. Eng, Chem_ _Res. 29
(2000) 4bereferigdsto,ps seligoiiwdater selid:liqyid)swansition tempsEatieRatHOWERST, St at e

() RO G R R A PSR
t enper at y518d-A6id) RS Bounbaficd, \FepnBfid BRNhR! diritionSUP BN phig ERsngelr r ent
di scl osure, a version of the Statistically Associating Fluid Theory (SAFT)
ECS cal | ©te 3\Fdi meHkinghdied dierrethe MireRtdn of,phiasel chéhgdenig. fraédnearsolResr fidin ( 1998)
4453) hag st())lei?l-nﬂuid mixture to a fluid phase (one or more liquid or supercritical fluid
phases) without solids, and the other is for crystallization, i.e. 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 disclosure and the claims thereto, solid-fluid (or solid-liquid) also
referred to as crystallization 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, 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 6.



used for this purpose. Because phase separation experinments are run at high
tenperatures and pressures, it is usually inpractical to sanple individual
phases i rwoubtywrpitase m xtures to determ ne their conmpoPCTIUSA00000320ySi cal
properties, and thus the predicted prgperti es of these phases have been
used in lieu of directly neasured values in support of the current

di scl osure. This approach has been validated in other instances, where

mat eri al I ilot plants and comrercial plants have been used to
val i dat epwi@%—fﬁcﬁpctions. As an exanpl e, SAFTI EGCS nodels of the
pol ymeri zation systens and |iquid-liquid separation systens described in US
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operated at | ower ‘pressures than the current disclosure, have been verified
by t hesetemyperstunés fiet ergisen kanspusitson SRIXNOEALSDEECAMPEspditikinfad GhéthbdPhase
boundari es of m xtures, such.as a palynerization_nediu may be depicted as
t enper at Séf';bﬁg;@tlr ¥ladinpy l‘fi—'g‘?aaﬁi DQT#V%a%ﬁsﬁ:aﬁtnt@dﬁglaﬁﬂgi, ShemRere as
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mul ti - congdvidnal phastsiries fluid, liquigpsilid,emdior vigpor @ivet adahye af tdipeatueé
conposition variables C, where i refers to each conponent in the mxture,
but for @ndipressyrer Xifarr the gxperigental avpekpisupporsing| thed eurante disctustisg.eat he

ition., | | ,. t | vmeri zat i di
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mediumto be a binary m xture of polyrer and a single Tow nol’ecll ar wei ght
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concent rt%irilp%rrlétulrés z\ilr\ﬁl lt)r%l;sedre?,%t \i,sval}lsuce)l]ilyei)r(napr;glct?éal ?o 2231%?6 ilix%lij\r/]i?l?l;lyphases in
multi-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 disclosure. 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 systems described in US 6,881,800 and US 7,163,989, which include
polymers, monomers, and catalysts somewhat similar to the current disclosure,
but which include relatively large amounts of alkane solvents in the

polymerization medium, and are operated at lower pressures than the current

disclosure, have been verified by these types of material balances.

SPINOCAL DECOMPOSITION

[00107] 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 6, or alternatively, they may be depicted as T,c



depicted by T,c at constant P as depicted in Figure 5 then the
fluid-1iquid phase boundary appears as a curve (which, follow ng

t er m nol Y9 206961y used in the art, we have desi gnat e®CELIS3008{0/ 383
curve) where a mninmum val ue of tenpeRature (which is also commonly call ed
the Lower Critical Solution Tenperature, or LCST) exists at a concentration
called the critical polyner concentration (ccrit) . This binodal curve,
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temperature (which is also commonly called the Lower Critical Solution
Temperature, or LCST) exists at a concent\ration called the critical polymer
concentration (Coy). This binodal curve, which represents the two-phase
(fluid-liquid) phase boundary, is a locus 6f points where the single phase
polymerization medium is in equilibrium with a two-phase mixture of
monomer-rich and polymer-rich phases. From Figure 5, 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 ¢” on
Figure 5). The bottom part of Figure 5 illustrates a curve representing the
chemical potential (Ap,) 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 Ap,(c’) = Apy(c”), since for two mixtures to be in equilibrium,

their chemical potentials must be equal. At other values of ¢ on this curve, Ay,



of the other phase. Inside the cross-hatched area in Figure 5, the m xture

tends to forma norphol ogy where one of the two phases is dispersed in a

cont i nuunwofoadessrher phase. When the pol yner concent r Cirars2609/0012e3

pol yneri zation nmediumis higher thanggcrit, the polymer-rich phase is

continuous, and when the pol yner concentration in the polynerization nedi um

Is lower than ccrit, the nmononmer-rich phase is continuous. In many

enbodi nents of t rent, |nvent|oH t he B %ﬁerlzatlon medi,um i s ah5|ngle
]

phase 1T Bislntes ey Flesy e 656 8 nﬁjrwe} Insandig i vt
e cosa Jerarll B TG Bl A ShifFe, e IR ot I3 ilnfs, Aitefe the AT
change '9a&mdt3ﬁwe%w§§@tﬁ&@%efgo LSBhEERHaY Aef gapﬁgﬁé%e—tdgerm ynani c

state of "the system acro Spl no oundaries to a

poi nt i niitie thérensdinagsialcriveriosl Biat - defides the Spifbaaitsouriabe, a%flfsQHﬁ:tti/ﬁedn
prodUC|ng t he desired co-conti nuous norphol ogy, the tine ‘that the
)1

t her nodyhurthe graphicabtonstmctiont anFigwedes For cémpasitianb ainyemninskde, theodal

and spi nodal ndaries (cross-hatched grea of Figure 5) is short enough
t hat thesrtmeéfgl' B@HnmpﬁgPoWB%mﬁéto dbe @eﬂpn@rmh tamepply%rca%

i
establis sf IS Cri er|u be
determ ng%gjs ersr;@&lhﬁFlga l?nquﬁggIL éﬁlﬁnléﬁ?;%?&%rﬁ ﬁbgmh{gy%w}%ﬁ& ng arl es
may al soths:pHeRi ﬁﬁﬁ@r@ RvRicBSendd ROfoRfiFa vhicohtiRlioks chﬁﬁﬁélbgr‘fﬁthe} ehdeaature
at const ant corrp05|t|on as illustrated in Figure 6 treatment of
this conm@pphotagy trehdrowme ofnthiehtsypphases As dispeisedr gy diSpletsrin aSeqaimtinon

I\/Ethod 112' G  Gutowski_et. al., Polyner Engineering and Science, Mrch
1983, the g(her nhaqeodne@]e thy @r@@rmwlm arearinligureshathe mugtureishghdd - ri ch

stream defln afs ar s eamtht co entrat t he nomer s
present as‘??? n&??%ﬁé‘ﬁto utglgttPNé)a 1S %’re&eégén ‘ﬁ?él DYHBHEE - ri ch
phase i nth%"tﬂh&hgﬁé‘ses Nl Ble a@% ? BheSRRtidH &F mérPatidt ARl Rm

l-fésl?'él
concentrates th nonomers th re present In tL ctor or Inits
ef f | uentis Highemtinangy;; the potymennich gihasads tcbatiphoss; apwhah ahe Polymer

present disclosure contains the nononers in_a higher
concentration in the polymerization medium is lower tgiwn Cerit, 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 5. The process of spinodal decomposition refers to a process by which a
rapid change in the temperature or pressure is effected to move the
thermodynamic state of the system across both the binodal and spinodal
boundaries to a point inside the spinodal bbundary. For this change to be
effective in producing the desired co-continuous morphology, the time that the
thermodynamic state of the system resides in the area between the binodal and
spinodal boundaries (cross-hatched area of Figure 5) is short enough that the
undesired morphology does not have sufficient time to become established. The
exact value of time that satisfies this criterium must be determined empirically for
each polymerization medium. Spinodal boundaries may also be depicted on phase
diagrams which plot pressure vs. temperature at constant composition, as

illustrated in Figure 6. A full treatment of this concept may be found in the paper



concentration than they are present in the reactor effluent. Specifically
the nononer rich stream has at | east 10% nore nononer present as conpared
to the cowmoentwiabi’on of the nononers present in the effPaentS2@w/ooize3 exit of
the reactor, preferably at |east 20%4mpre, preferably at |east 30 % nore,
preferably ate |ast 40% nore, preferably at |east 50% nore. Anal ogously,
the term"polyner-rich phase"” or "polyner-rich streamt is defined to nean a
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40% more, preferably at least 50% more. Analogously, the term “polymer-rich
phase” or “polymer-rich stream” is defined to mean a phase or stream that
concentrates the polymer present in a stream or equipment upstream in the
process. The polymer-rich phase in the phase separator of the present disclosure,
for example, concentrates the monomers that were present in the reactor or in the
reactor effluent. The monomer-rich stream leaving the phase separator of the
present disclosure contains the monomers in a higher concentration than they 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.

SEPARATION

[00109] The one or more reactor effluent streams may be depressurized to an
intermediate pressure significantly below the cloud point pressure. This allows
separation of a polymer-rich phase for further purification and a monomer-rich

phase (also known as the polymer-lean phase) for recycle back to the reactor(s)



[00110] The polyner-rich phase of the separator can then be optionally
transferred to a | ow pressure separator (LPS) running at just above

at nospherwo 2poeres2ire for a sinple flash of |ight conponentdalS2eceamcizeht s and
ol i goners thereof, for the sole purpaoge of producing a | ow

vol atil e-containing polyner nelt entering the finishing extruder or static
m xer. [00111] In one form of nononer/solvent separation and recycle

rocesse icted i.n Figures 2-4 he .pol.ynmeri zati on i,s. conduct herei n
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t hose skid ¢asted put Hea yessel knowarasophighnptessungescparaserstalse redeired ieasant he
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extruder. [00112] The recycle runs through a | ow pressure separator, where

t he presg20r200fepends on the pressure-tenperature relationship existing
within the reactor. For exanple, polynerization can be carried out under
agitation in the single-phaseregion in the reactor at 40-200 MPa and
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[00111] In one form of monomer/solvent separation and recycle processes
depicted in Figures 2-4, the polymerization is conducted herein above the cloud
point for the polymerization system. Then, the reactor effluent mixed stream(s)
are transferred into a gravimetric separator, where the pressure is allowed to drop
below the cloud point. This advantageously results in the denser, polymer-rich
phase separating from the lighter monomer-rich (polymer-lean) phase. As can be
appreciated by those skilled in the art, it can optionally be necessary to increase
the temperature in the gravimetric separator to prevent the formation of a solid
polymer phase as the polymer becomes more concentrated. The monomer-rich
(polymer-lean) phase is then separated and recycled to the reactors and the reactor
effluent stream(s) while the polymer-rich phase is fed to a coupled devolatilizer —

such as a LIST dryer (DTB) or devolatizing extruder.

[00112] The recycle runs through a low pressure separator, where the pressure
depends on the pressure-temperature relationship existing within the reactor. For

example, polymerization can be carried out under agitation in the single-phase



0.4 g/nL. The polyner-rich phase woul d be expected to have a density of
approximately 0.6 - 0.7 g/nL. [00113] Assum ng that the pressure is dropped
rapi dly ewoug#y/126277 exanpl e, greater than or equal to 6PbPAISS®O/0012b8 phases
will separate rapidly, permtting theer-ecycle of the nonomer-rich phase as
a liquid, without the issue of having the nononmer-rich phase return to the
gas phase. As can be appreciated by those skilled in the art, this
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concentration of the | ow nol ecul ar wei ght pol ynmer fraction in the

pr oduct . W 1aBlow maotular weightapelymepranckehaesa densite of appactinatelydhpt oyed
by those skilled ipn the art typically effect separafion by flashing nononer
and sof VoAt g)é?factlné@spﬂ’gmq{erwh enyenld beeexp eibave podensity oh

anot her ) r/sol vent separation and recycle processes
depi ct eagp&)%% ng%Bé’O.g?Zt?'f%é@mri zation is conducted at conditions bel ow
the cloud point, with the pol yner-nononmer m xture transported to a
gravi met foo 1SpPA Rhhfifg MR i ie%ﬂ'é dRPh fo' feover ed
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greater than or equal to 6 MPa/sec, the phases will separate rapidly, permitting the
recycle of the monomer-rich phase as a liquid, without the issue of having the
monomer-rich phase return to the gas phase. As can be appreciated by those
skilled in the art, this eliminates the need for the energy-intensive compression

and condensation steps.

[00114] The polymer-rich phase is sent directly to a coupled devolatilizer.
Suitable devolatilizers can be obtained, for example, from LIST USA Inc., of
Charlotte, North Carolina. The devolatilization is a separation process to separate
remaining volatiles from the final polymer, eliminating the need for steam
stripping. Working under low vacuum, the polymer solution flashes into the
devolatilizer, exits the unit and is then transferred on for further processing, such

as pelletization.

[00115] Any low or very low molecular weight polymer present in the
monomer-rich (polymer-lean) phase to be recycled can optionally be removed
through “knock-out” pots, standard hardware in reactors systems, 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.



phases. In either of the forns herein described, the nononer, for exanple,
propylene, is recycled while staying in a relatively high density,

| i qui d- 1 iwe 20évonrezyeneous or bul k |iquid) state. Once ag&CmUuSeeie/00220310r €
knock-out pots or sieves can be enpl-agged to aid in the renoval of |ow

nol ecul ar wei ght polynmer fromthe recycle stream [00118] As can be
appreci ated, there are possible and optinal operating regines for reactors
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[00118] As can be appreciated, there are possible and optimal operating regimes
for reactors and for the gravity (lower critical solution temperature (LCST)
separator. For reactors operating in a single liquid phase regime, a possible region
for operation is just above the LCST and vapor pressure (VP) curves. The
optimal region (shown within the shaded oval) for operation occurs at
temperatures just above the lower critical end point (LCEP) and at pressures

slightly above the LCST curve.

[00119] Advantageously, the liquid monomer-rich (polymer lean) recycle
stream can be recycled to the reactor using a liquid pumping system instead of a

hyper-compressor, required for conventional polyethylene units.

[00120] The one or more reactor effluent streams are depressurized to an
intermediate pressure significantly below the cloud point pressure. This allows
separation of a polymer-rich phase for further purification and a polymer-lean
phase for recycle compression back to the reactor and back for combination with

the reactor effluent streams as depicted in Figures 2-4. In one form of the



conononers as well as the product properties, if the killing agent has | ow
volatility. [00121] Alternatively, the internedi ate separati on can be done
at pressuWO00E2p27Bel ow the critical point so that the KRORAHRF09/002203
concentration and therefore reactivit484n the high-pressure separator is
relatively low The relatively small amount of continued polynerization in
this vessel can not be a problem so addition of catal yst deactivating
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t enper at dependf arhethpolrgqriréments ofos yeleam upndfathea gecpeleupropylehowandt han
10 MPa bel ow the cl oud point_ pressure of the po%)yﬁreri.ilation system and | ess
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pol ymer i G@IEIiﬁﬁr medi um contains the unreacted nononer and opti onal
conononers, any diluent or solvent present, and the pol yner product. In one
or nore enbodi ments of the current invention, the polynerization nmedi um

| eavi ng [01824{ OrARERKIIOS gtHEJIrME'ﬁﬁéc?iﬁfei aPAtRAICEH bé dBhé %ﬁﬁ%ﬁ&ﬁmessur e

| et down device with heating of the reactor e uent strea e pressure
| et down beloirvctheicsiticat poid sophat thermorioraef tonaknkriatioh dndther:forpeastivion
vessel . The pressure | etdown device rapidly reduces the pressure
in the high-pressure separator is relatively low. The relatively small amount of
continued polymerization in this vessel can not be a problem so addition of
catalyst deactivating compounds can be avoided presuming that no undesired
reactions occur in the high or intermediate pressure recycle system. If no killing

compounds are added then the killer removal step may be eliminated.

[00122] The monomer / solvent separation and recycle process for a continuous
solution polymerization process disclosed herein relates to a process for the
economical separation and recovery of the polymer from the lower molecular
weight components of the reaction medium for a continuous solution
polymerization system. One exemplary polymerization system is described in
WO 2004/026921 and 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 comonomers, with one or more
metallocene catalyst compounds, one or more activators, and an optional inert
diluent or solvent, at a temperature above the solid-fluid transition temperature of
the polymerization system, and at a pressure no lower than 10 MPa below the

cloud point pressure of the polymerization system and less than 200 MPa. The



of the polynerization nmediumto a pressure bel ow the cloud point pressure
to forma two-phase m xture conprising a polyner-rich phase and a
nononer - rwohkophiaer7 Preferably the tenperature of the peCyrseeadizon nmedi um
i s above the crystallization tenperatqere of the polymer in the

pol ynmeri zati on nmedi um The pol yner-1 ean phase and pol yner-rich phases are
separated within the fluid-1iquid phase separation vessel by gravity
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[00123] The polymer lean 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
above 80°C, preferably 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
another embodiment, the pressure in the reactor (or in at least one reactor if more
than one reactor is in use) is between 7 and 100 MPa higher than the pressure in
the separation vessel (such as the high pressure separator), preferably 15 and 75
MPa and 25 and 50 MPa.



reduci ng device rapidly reduces the pressure of the polynerization nedi um
typically at a rate of 2 MPa/sec or nore (preferably 6 MPa/sec or higher),
to a preswonredebyw t he cl oud point pressure of the pol yognisz@wvioe22odredi um
(and typically also bel ow the presswsp.at the spinodal boundary), to forma
t wo- phase mi xture conprising a polynmer-rich phase and a pol ynmer-1ean phase.
As a direct result of the rapid rate of pressure | etdown, the polyner-I|ean
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polymerization system and to the reactor effluent stream, which includes splitting
of the recycle stream and optionally heating one of the two polymer-lean recycle
stream, optional removal of some hydrogen from the recycle streams, optional
removal of any low molecular weight polymer that precipitates from the recycle
streams, and/or optional drying of the recycle streams over a desiccant bed. The
polymer-rich phase from the gravimetric separator is directed to a devolatization
system for the removal of any remainihg unreacted monomers or other volatile

components.

[00125] In particular, the processes disclosed herein provide an effective
pathway for separation of polymer from the low molecular weight components of
the polymerization medium and recycle of the low molecular weight components
in a polymer-lean recycle stream for embodiments where the polymerization
process is a bulk homogeneous supercritical polymerization process (such as in
the polymerization process of WO 2004/026921), and in which the polymer

product has propylene as its principal monomer with optional comonomers, an



[00126] I n one enbodi nent of the invention, the process for separating the
pol yneri zati on nmedi um derived fromany of the polynerization systens is
descri bedVPREMIE6H7scl osure WO 2004/ 02692 1 into a pol yReTAS2d/0p8%e and a
polymer-rich phase, and for the subseguent recovery of the polyner in a
devol ati zation process, and for the recycle of the polyner-|lean phase in an
econom cal and efficient nmanner back to the polynerization process and to
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and a bottom | ayer (polyner-rich phase); (c) Transfer of the polyner-rich
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afore-mentioned polymerization process. The polymerization medium derived
from this polymerization process is in a supercritical fluid state, and may consist
of a single super-critical fluid phase, or a two phase fluid-fluid or fluid-liquid
mixture. The low molecular weight components of the polymerization medium
may contain 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 component of the polymerization medium may contain either a single
polymer or a blend of two or more polymers (such as those disclosed in
WO 2004/20691). The process preferably consists of a series of sequential steps:
(a) Reduction of the pressure of the polymerization medium via a pressure
reducing device to a pressure below the cloud point pressure, but high enough to
avoid full or partial vaporization of the polymer-lean phase, resulting in the
formation of a two phase mixture — a lower density monomer-rich phase, and a
higher density polymer-rich phase; (b) Transfer of the two phase fluid-fluid or
fluid-liquid mixture leaving the pressure reducing device into a gravity settling

device designed with sufficient size to provide sufficient (typically more than one



to progressively renove remai ni ng nononers and sol vent fromthe

pol ymer-rich phase. These vessels nay be operated adi abatically, or one of
nore of tWORNAN63Téat t he pol yner solution with a heati RGTABAWIM403283 r educe
the residual volatiles content of the2polyner; (d) Recycle of the

pol ymer -1 ean phase directly to the polynerization feed systemand to the
reactor effluent streamw thout further processing. These steps can be

nodi fi ed ) ' i gpal, st suc s heating and presswizing the
pol yrrer - PR RSfEI HhBOR ) S0ER ks’ Sputchde Bt mBls BRUEtBIE 0 | e
ranges, B&ivesh I £5d 15Ghidied, 16 drmBASE hh@Refie MRAWRPHYATRS AR 4 fFum
Itself. [00127] Phase separ atlson t eraturee emay be tro%?f iled V\A?('ltjbhr%ﬁe

met hods @hoieati-nighgfhdsbk andacbottorf fdyee (pobniaaricld phase)p€d) Teansfor of 00128]
Phase separation pressure could be nodified based on the principal of

def i ni ngthgrpdpmerrichrphage to atcaseadet ofeflashyvesselspuithiener dpersasingepressused)
poi nt pressure, and the | owest.possible pressur ssure where full or
o 11 ol GopEressTVih oy R demaiBRE o onamermant SO bhl B e Ppfirgerien

nmodi fi cati wWaud i . r i ' |
boundar 315 }?)drgg'ssurg,g ‘%ﬁ%l?&gﬂ# gﬁﬁéé’%@n? &)lr?géﬁlﬁl@g?# odr?\lsevwc’:%u oé@‘ég?l?é&@vqﬁﬁé range

by sett i gt T ipalyTaeiPsGlgtionswitklayhdaidp medaim ttb aredptd Gitateshdiat dalatileand
m ni muns progressively higher than the vapor pressure (full or partial
vapor i zaeandentopf the pedyoasr (d)i Becytiasd) theThelymearoesr mhasardir¢dtlyusa the ed

bel ow. A Qhenefijt .of optim zing essure is to mnimze the total_ cost of
pr oduct P‘gé’ﬁ’\%@u% eﬁén%’r?éq'mrq t‘bﬁﬁ%éeﬁﬁ@i& ugpt SERRM Fﬁlé.ﬁ)éllt fHF@%ures
raise t . of . . , <t 1 ower
{he cost S CaEme T REint, 868 U adTRES (R0 WIS obliBR epd, wfl of 00120y
The use gfatin !mﬁﬁies&ﬁ@ﬂﬂg%e poBfinéleafiteaPele RereRA D9 resPRtiAk! cPeratiy®! ves
setting nodiftications on both the separation pressuré (as descri bed above)
and t he canditiaris phoe saptimealr euges, oandy 3 heegiriednsgr the ecomposjtidaviofe thas
outlined Hel ow. The bepefit ?} spi nodal deconposition is faster

merigation medium itself.

di senga
[00127] Phase separation temperature may be modified with the methods of

heating of the reactor effluent stream described herein.

[00128] Phase separation pressure could be modified based on the principal of
defining an optimal range between the highest possible pressure (cloud) point
pressure, and the lowest possible pressure (pressure where full or partial
vaporization of the monomer-rich phase occurs). The first modification would
replace the 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 vapor pressure (full or partial vaporization of the monomer-rich
phase). These concepts are illustrated 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.



the two phases downstream of the pressure reducing device, and thus savings
In the investnment cost of the HPS vessel. The difference in density of the
pol yrmer | 80 2800412687 ymer - ri ch phases is di scussed i n secPCHASBOON20Hs it
relates to the separation pressure. A¥ange of phase density difference
could selected with the clainmed benefit being faster settling and savi ngs
In the investnment cost of the HPS vessel. Hi gh-Pressure Separator, Recycle

Syst em t Si_ng 301.. ne di of _the..
System OB OB SR, GE SRR BRI B e BRI bobBrign ¢ e
Pr essur ey A0 ¥eitin3e ntd i idafiGhd lorP HRAE URE §Pardtith ﬁﬂbys‘ﬁ?é'(@t d&%eriped! um
and the polynerization nediumis continuously transferred (preferably

wi t hout bleetd)ngnd tthe aater of pressure daeductipmdyi the pdssurie reducheg aleliter agn
val ve), where the pressure is reduced bel ow the cloud point pressure (and

pr ef er abPytlined bedonyerthabenafl afspinedad decempositipntia fasterdisengagemant & t he

| i.n 1h | i zat | i un) . This,ad | lts i.n the
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phase, V\mecilﬂv%tﬁlérﬁ%'asf HRARS APSededsel. ann%: Wi ffetdnQe il RRBHY %Tf'tH@P}SBzﬁéﬂ- (al so
referred to as a phase separ atlon vesse ressure “separ at or
(HPS) or leangdrl poBimércrick phageolis diddassed fie seaimiTbelow,Cis (tPElaestol than)

phase and pol yner-rich phase separate into two layers, typically via
gravity separatioryprasaursneAf mnge afhghasealongity differamse roomidd selected withithast one
reactor if.nmore th ane Jjs in use) is between 7 and 100 MPa high han
e pr estlaiged hefl haBg tasten netBEh end s\ GRS HLthe @V rstiens cossor Be HPS
separato&%ggpreferably between 15 and 75 MPa, preferably between and 25 and
50 MPa. P "SEPARATI ON TEMPERATURE [ 00131] In enbodi nents of the current

i nvention, the heating of the reactor effluent m xed stream upstream of the
pressure | etdown device is mnimzed within the constraints inposed by the

phase di HiglaRPréssure SeparatornBecyatiSystemedindb) opvmstredhi Rioeessimhas e
separation, the tenperature of the reactor effluent

[00130] In one embodiment of the invention, the polymerization is as described
in WO 2004/026921 (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 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) or a
gravimetric separator, where the monomer-rich (polymer-lean) phase and
polymer-rich phase separate into two layers, typically via gravity settling. In one
form, the pressure in the reactor (or at least one reactor if more than one is in use)
is between 7 and 100 MPa higher than the pressure in the separation vessel (such
as the high pressure separator), preferably between 15 and 75 MPa, preferably
between and 25 and 50 MPa.



m xed stream at the entrance to the pressure reducing device (|etdown

val ve) is high enough to prevent a solid-liquid phase separation from

t aki ng pl¥O&0WHeY’'@am of , or inside, the fluid-liquid pREEASIWIAN203 on
vessel . The efficient phase separati-dfi#+enperature is also high enough such
that when the pressure is reduced across the pressure reduci ng device

(l etdown valve), that there exists a pressure where an efficient separation

of the p km ' Tqb(ﬂ i mer-rich phase and a polyner-rich
phase ca% occu§é§t‘uamhi gh g?%gﬁmme to prevent full or partial
vapori zation of the nononer-rich phase. The applicabl e operating range of

temper at yES RN dnPLABBHIREN Gt 1R el LGSRIGH, ther hhiH oPAhe elege s ned

from a tenperature-pressure phase di agram o pol ymeri~zati on medi um

(such aseffhent Whixedeptiredradupdirdang Wwiethe) prebtere &adown @éviceoeist mihingidedt r eam
may be at a tenperature at the inlet of the pressure reducing device
(1 et downwithiiv ghe t ¢enstrfainty imepasedoby the phase Sipramo forl the pdymerizptor

m ni mrum requi red_te rature for efficient phase separation. [00132] In
Cons: dor B ot P NP P e SRt o 1iF APRGRIALTLaF M%, FEiCEVT PETIEE | he
process gaf: r | ' . al |

Penpor at (156 Srfdth & the SeRfinS o hEPteRct Redicitle Ui (elifor? vallNE. .,

m xed st hiphreroughhe\prevdit asUliditifhid phaabasparation Fréhaskingplac@tipsteeadh t he
pol ymercontaining fluid reaction medium at the reactor pressure, preferably
at | east o500 dhside, tthe Hvid-liqhiduiphaphaspatatians vesseh t digeefificient gihasée

pol ymer-containing fluid r_eg]gt I.on medium at. t he reactor pressure, nore

pr ef er abPSParaiion HREraEsTisRls0 dighengegh aueh thay wheasbemrasmire iseadussd poi nt
of the p -C LN g T i i t 0 [ re. In
anot her gér g@gfhﬁeﬁ{k%%rﬁe@g%% g?‘ﬁggilleég(gvmgz\gaﬁ@%ﬁﬁd&gﬁ%ﬁ%% rﬁg?ﬁl@%n 60
and 25Q0{ghefd aP8FIEEH Jpadatibr’ 8P e Cp@[gn?&ii’h@i%ﬂ Redimd i@ moryméetivgen 90
and 1600C, or between 100 and 1400C. SPI NODAL DECOVPOSI TI ON [ 00133] In one
of the ephasi ansha podymeheichuphasetcahi scdursatr® highhenpugls pressuree thuprevgntievi ce
I's designed to drop the pressure rapidly enough, and to an opti mal |

full or partial vaporization of the monomer-rich phase. The applicable operating

range of temperatures and pressures that satisfy these criteria may be determined

from a temperature-pressure phase diagram of the polymerization medium (such

as the type depicted in Figure 6). The reactor effluent mixed stream may be at a

temperature at the inlet of the pressure reducing device (letdown valve) that is 0 to

100°C, or 5 to 50°C, or 10 to 30°C above minimum required temperature for

efficient phase separation.

[00132] In consideration of the efficient phase separation temperature criteria,
the process of the cuirent disclosure can be carried out at the following
temperatures. In one embodiment, the temperature of the reactor effluent mixed
stream is above the solid-fluid phase transition temperature of the polymer-
containing fluid reaction medium at the reactor pressure, preferably at least 5°C
above the solid-fluid phase transition temperature of the polymer-containing fluid
reaction medium at the reactor pressure, more preferably, at least 10°C above the
solid-fluid phase transformation point of the polymer-containing fluid reaction

medium at the reactor pressure. In another embodiment, the temperature is



pressure, via the process of spinodal deconposition, which results in a
phase norphol ogy of an interpenetrating network of the two phases (al so
cal | ed a wo-20omi2621aous nor phol ogy), with the desirabl e Pesaistowat203 he
pol ymer-rich and nononer-rich (pol yneysd ean) phases di sengage easily and
settle rapidly in the fluid-liquid gravity separation vessel. Spi nodal
deconposi tion prevents the formation of a very sI ow di sengagi ng and sl ow
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pol ymer concentration I n l'urd excee a crltlca val ue, and when
tenperature and pressure in the phase separating vessel are in the region
of the phase diagram between the fluid-1liquid phase boundary (bindoal
boundary$PHﬁ@DmgQ@CmdBOSiH@bbry as illustrated by the cross-hatched
area in Figure 6. In sone enbodi nents of the current invention, the polyner
concentration in the polynerization mediumis higher than the critical
concent r[a(lﬂléﬁ]ddgccn@eqf dtmwml(mme@m@é‘pthmlcugrem Idisclosured the, respwre 5)
and thus_these enbodi nents util]| rocess spi npdal deconE SIHIOH to

avoi d gr'éﬁfjl“FV‘gs VigS sflesigns rom BRE A afteneflg nand

deconposit P

t hose de cr| ea%ﬁ@%p&%;%@ﬁg%o%fﬁigc?@{péﬁ@ dngs%gfgﬁrge%rﬁ}etgggté%acr 0SS
the presgioiphdlegy CoMean dRiepRnélritO Witk €of tife IwliPphass OQafledos 2
MPa/ sec or m)regylor 4n|\/Pa/I(si)§{:l (gr %re or 6 MPa/sec gr rn)rfam?:’IﬂAgEe

SEPARAT| GNCPREBSUREMOrpldldgy ),l withl theed¢sirible resulbthat Hiae cpolymer-riihsehdsur e,

t he pressure down tre m of th essure reduci ng device (letd val ve) and
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(polymer-lean) and polymer-rich phases with 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
Figure 6. In some embodiments of the current invention, the polymer
concentration in the polymerization medium is higher than the critical
concentration described above (and conceptually illustrated in Figure 5) and thus
these embodiments utilize the process of spinodal decomposition to avoid gravity
settling problems. In one embodiment of the spinodal decomposition process for
supercritical  polymerization systems (such as those described in
WO 2004/026921), the rate of pressure reduction across the pressure reducing

device (letdown valve) is 1 MPa/sec or more, or 2 MPa/sec or more, or 4 MPa/sec

or more, or 6 MPa/sec or more.



and settling, the pressure in the fluid-lIiquid phase separation vessel is

| ower than the spinodal boundary pressure. Wthin this pressure range, i.e.
bel ow t heVepPIdidal77boundary pressure and above the vapoPCEAE3W3/08228F t he
nmononer -rich (pol yner-| ean) phase, apéoperati ng pressure can be chosen that
will prove to be nost econom cal. Hi gher pressures reduce the cost of
punpi ng or conpression of the nmononer-rich phase for recycle, but higher

pressure hase di sengagenent and result in higher
density gﬂﬁsmlbﬁﬁﬁﬁs rl ean) phase, which reduces the density
di fference between pol yner-rich and nononmer-rich (pol yner-|ean) phases,
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vessel , timately requiring a | arger vess ne enbodi nent of the

di scl osusfthe prespureseducingaiviiéd derdown Vab &) rapdsinsrler thd bniddigladi phase
(Il etdown valve) and inside the fluid-1iquid phase separation vessel is
bel ow t heepapatiauuesseb instdesied te behadowdahe alowd peint pragare tavensurgdhat ie

spi nodal ;boupdar ressure, .or at. least. 5 MPa |ower than the spinodal
oundar yBRELYEALpEE Siparisidt vil 1AK% Plaser DR REOUE (0% 3BBUS ATy
pressur e [r r [ r
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no | ower thehaBndmbPaichlishise. Th sBfhed EBbdinhéts, 1o iNBac@PRIE phiaSe YERRAtioH essur e
of the nmononer-rich (polynerlean) phase. In another erbodi nent, the

di f f er enared settlidegyghe préssure anthenBupbliguier phasehsephrmnavessehis loswenrthanri ch

(polyner-lean) phase is at least 0.1 g/nL, or at least 0.2 g/pnlL, or, at
| east o.télegﬁwepgalr pundarys pressurey niWitlin this| prgssurg. rangenil.orbelow dhet 0. 6
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30 MPa, mosteamdniioalVPHigher pbessusssirefiicatit d@&t MPpunipingooicbatpressierdofrent ,
oy B hRPRONGMCE R IRBe g rooycle, but higher prassifcs also reduce the rate of
phase disengagement and result in higher density of the monomer-rich (polymer-
lean) phase, which reduces the density difference between polymer-rich and
monomer-rich (polymer-lean) phases, thereby slowing the rate of settling in the
fluid-liquid phase separation vessel, and ultimately requiring a larger vessel. In
one embodiment of the disclosure, the pressure downstream of the pressure
reducing device (letdown valve) and inside the fluid-liquid phase separation
vessel is below the spinodal boundary pressure, or at least 1 MPa lower than the
spinodal boundary pressure, or at least 5 MPa lower than the spinodal boundary
pressure, or at least 10 MPa lower than the spinodal boundary pressure. In one
embodiment, the pressure is no lower than the vapor pressure of monomer-rich
(polymer-lean) phase, no lower than 0.2 MPa above, no lower than 1 MPa above,
or no lower than 10 MPa above the vapor pressure of the monomer-rich (polymer-
lean) phase. In another embodiment, the difference in density between the
polymer-rich phase and the monomer-rich (polymer-lean) phase is at least 0.1

g/mL, or at least 0.2 g/mL, or at least 0.3 g/mL, or at least 0.4 g/mL, or at least 0.5
g/mL or at least 0.6 g/mL. Density of the phases at any given pressure and



[00135] At the reactor outlet valve, the pressure drops to begin the
separation of polyner and unreacted nononer, co-nononers, inerts, |ike

et hane, pPWVOpaME20Yadl vents, |i ke hexanes, toluene, etc. PR&EUS2MIOP2R0re in
the separation vessel will be nmaintaiswed above the pol yner product's
crystallization tenperature (or above 800C if the polyner product has no
crystallization point) but the pressure may be below the critical poi nt .

The pressure need only be h(lig enou e non tor exa
ot opy! enSTHSrAES B0, Hentishd 2B s EUP: vitmiiEe PR, b S gby
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syst em i nst yper - Conpressors required for polyethylene unr’ts.

The | owetheppressure ds iim thdphaseeqeparitivn Wedskl beidieen 1 had monbiRa; oe Anaehdoat i on
in the liquid polymer phase which will result in a nmuch | ower

pol yrrer i ¥4, o1 & and 307MPs, pol/ yandr20 MParorrbeatweem 18cans b&MBanémaQot%wy be
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t he hi ghﬂ\,ﬂjaeﬁ%gvégg)ﬁ%g) I%gted},eof N{B] on nust be rrade to renove any

potential catalyst poisons fromthe recycled propylene rich nonomer stream
e.g. by the use of fixed bed adsorbents or by scavenging with an al um num

al kyl . [f[ou36] At ﬁfe%h@t'olf ouﬂ@?vél%aﬂﬁtpr‘é@sdf@%ﬁ%s ﬂ%feélﬁ tHé’@é}%rSﬁoﬁ‘b‘fr the
crltlcal pressure of the nononer or nononer blend but Withinth

nononer / polyyrerr andvurpbacted rmgnomer,Tedsmbaomers ciments) dikdel yties) rpmbpmemet hod
i f the polynmer is to be produced with a revanped, hi gh-pressure pol yethyl ene
( HPPE) prcalrr@nts,rhlée hexgnase tP1YeRR 4¢ a}he\ﬁémratwerm&edsqmyatm vessekwiling

d d pef b d h h
comr os<BF MOBEIRT T B R M SREEL SRRl K58 rgﬁr%rror@lggxr ay
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separat or. The t erature of this véssel w e mal ntal'ne

pol yner belbwi rthe paritidal spoinhat Thieepresbyreenetd osnlyyhbe kighs ehosgin that fthel as a
liquid directly to an extruder or static mxer. The pressure in this vessel
will be mepemeswior example Propyignessan heo condensed against standard cooling

water. The liquid recycle stream can then be recycled to the reactor with a liquid
pumping system instead of the hyper-compressors required for polyethylene units.
The lower pressure in this separator will reduce the monomer concentration in the
liquid polymer phase which will result in a much lower polymerization rate. This
polymerization rate in some embodiments may be low enough to operate this
system without adding a catalyst poison or “killer”. If a catalyst killer is required
(e.g., to prevent reactions in the high pressure recycle) then provision must be
made to remove any potential catalyst poisons from the recycled propylene rich
monomer stream e.g. by the use of fixed bed adsorbents or by scavenging with an

aluminum alkyl.

[00136] Alternately, the separation vessel may be operated over the critical
pressure of the monomer or monomer blend but within the monomer/polymer
two-phase region. This is an economically desirable method if the polymer is to
be produced with a revamped high-pressure polyethylene (HPPE) plant. The
recycled separation vessel overhead may be cooled and dewaxed before being

returned to the suction of the secondary compressor.



recover the unreacted nononers, etc to a condenser and punping system
POLYMER RECOVERY: [00138] The polyner-rich phase may be sent directly to a
coupl ed AOEPHI2pI7Zati on system which nay contain one SCTHSRYINPRER
vessels, or |ow pressure separators -(38RS), in series, each operating at a
successively |l ower pressure, and the devol ati zation system nmay include as a
final step a devol ati zing extruder or other devol atizing devices such as a

Gar ol 1 nal AP I, rRRuPEHARE Db e e S igon pesSPE A e B T,

or opti ofbhah MGG Pré3ues NMRludeet &tép Ao tahqeowhpPesfsufemsepaxfa@éﬂ i nghetrand
type. This devolatilization is a separation process to separate remnaining

vol at i | eenipevaturdref thisalespel wilkbe maintaingd abswe thenpolymerl mielting pwinf sei ent
pr ocesses such as st eam st ri pp| n? The final devol ati zi devi ce (ext ruder,
c yng,
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as pelletization and packagi ng. EFFI CIENT AND CYCLE OF
POLYMER- LEAN PHASE: [00139] In sone enbodi nents of the current disclosure,
one of the two pol ner-lean recycle streans is recycled to the

pol yrrer i B \GHE§93é¥H9 RYhi ni nal processing to avoid costly investnent in
recycl e equi pnent, and also to avoid consunption of costly utilities

modi & (COOISRY \?&g{eenegé"ﬁm%tef?ﬁboBB%?goh}lab’el b tc;s%r?' Télreqi»bgmi”m"sé’éﬁih%«igt e
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required. If rembval of water or other polar confami nants is not required

t o mai ntpriessuae, awbtiendeallatzatanysitstgmanary inclidy as a fild gtep yrdeviokatzing

system then
ystem 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. The final devoiatizing
device (extruder, LIST DTB, etc.) may operate under a strong vacuum, and may
optionally use stripping agents such as water or nitrogen, to further reduce the
volatiles content of the polymer. Once devolatized, the product exits the final
devolatizing step and is theh transferred on for further processing, such as

pelletization and packaging.

EFFICIENT AND ECONOMICAL RECYCLE OF POLYMER-LEAN PHASE:

[00139] In some embodiments of the current disclosure, one of the two
polymer-lean recycle streams is recycled to the polymerization system with
minimal processing to avoid costly investment in recycle equipment, and also to

avoid consumption of costly utilities including heating media (steam, hot oil,



cooling of the one polyner-lean recycle streamfor recycle to the reactors
to the polynerization feed tenperature may be all that is required. One
enbodi nerWOgPINBHPY7t ype i nvol ves cool i ng of the one pol PREASP@AMI28EyCI e
stream for recycle to the reactors t-%40 to 1000C, or -20 to 900C, or O to
900C, or 20 to 900C, or 50 to 900C. Were renoval of water or polar
contamnants is required to nmaintain an econom cal catalyst productivity in
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tenperature where the desiccant has an acceptabl e capacity for renbving

wat er ansgparatairhessspbisdrigherpthan tthe polyaerizatanad ystem foed texsperaturef sorme case
where desiccant _drying is required, qgne enbodi nent involves cooling the one
pol yrer - F@aling ek thel ene pplyanetrlsan reeycle stream fas resxele dpdhe geactors wagboc, or
-20 to 6 .. Qr to 400C .ar 20 to 400C. .,Wen cooling the one polyner-|ean
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t he ret ucoplaty efithedepe pdlyrgetsfan feeoclecstraaty fior awolestoatit tdaetwt eadige st at e
concentration of the |ow nol ecul ar weight polynmer fraction in the product.
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t hepol yneri zat1 on process descri her ern. odi ments o

pol ymer i 966C.0oWhérecreafo vl fawitee ob Wdl&roeshtamimdits itajuidedcongiaifdin an t he
pol yneri zati on process, there will be small anmounts o hydrogen in the

pol yner i eeanopricalectitalyst aneduetivityoin the polyyarizgtionviiyistemetheinndiying lover
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less thafy 4R reactors 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 (e.g. catalyst poisons). In this case
where desiccant drying is required, one embodiment involves cooling the one
polymer-lean recycle stream for recycle to the reactors to -40 to 80°C, or -20 to
60°C, or 0 to 40°C, or 20 to 40°C. When cooling the one polymer-lean recycle
stream for recycle to the reactors, low or very low molecular weight polymer
present in the 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.

HYDROGEN REMOVAL FROM MONOMER-RICH RECYCLE STREAM:

[00140] Many of the catalyst systems useful herein (such as those disclosed in
WO 2004/026921) produce small amounts of hydrogen as a byproduct of the

polymerization reaction. Additionally, hydrogen may be a reactor feed for the



amount of hydrogen added to the conbined feed streamto the pol ynerization
process, and in this enbodi nent, the fresh nakeup of hydrogen to the

pol yner i 280i2600/1363¢ess feed can be reduced to conpensat @CTa152408i0822p&cycl ed
hydr ogen, and no further processing-@d0+he polyner-lean recycle streamto
renove hydrogen is required. In another enbodi nent, the anount of hydrogen
in the polyner-lean recycle streamis greater than the total anount of
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step may conpri se, IS not restricted™to, single mul tiple stage flash
vessel s, pblyawdrizatiahi prodesserthereorwily dseogsemnalli amonatss. of Trisalrogert inorthe enoval
of hydrogen nmay be applied to the entire polynmer-|ean recycle stream or in
i nst anceRoNymarizatine modivayeand amst At thesghy dwogentwilbeemain in theopplymer-
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star, branched, and c ations ese. The processes disclosed herein
may pr odameupn by hydpygernadded! t6 ahol sombinedf fepdl stiranpyd ahe . pdlymetization
enbodi ments, the processes disclosed herein may nmake crystalline polyners.
The procksess, desé| gt ethiheerabadimsntnethe drgsdl ymakeupi ] yidnegen dam gbet o

99. 999 wt % of pr |l ene unigs, fromO0.Q00 to 8 wt% of olefin.units other
than_pr PO B lafiPY SBRGEH dhed 0Dt Festnpdelg GOTPERIAE HoF sthisdgeyels

acconpany; | < i ' ' | ne
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i ncl ude kydrpbends reghiee®- In assthenembodigéanethd, ariewite8€ hydro hid -
1-pentene, 3-nethyl- 1-pentene, 4-nethyl- 1-hexene, 5-nethyl-T-hexene,
1- oct enepolympsdeare recyclmsteeamds gaenaten thimdtheectotal aBopuityofedrogen siesized i ¢
I yl . i ti . . .
POTYPropy & ee ggrcrjl%lrye?ldefreeg Ogt? aenqe(t)(l)J Sth%O I})doll;rln%lr'll%atlon process, and in this
embodiment, an additional treatment step may be added to the process for
recycling the polymer-lean phase. This additional treatment step may comprise,
but is not restricted to, single or multiple stage flash vessels, fractionation fowers,
or hydrogenation beds. Treatment for removal of hydrogen may be applied to the
entire polymer-lean recycle stream, or in instances where the hydrogen removal
requirements permit, to only a portion, or slip-stream of the polymer-lean recycle

stream.

Polymer Products:

[00141] The propylene-based polymers produced by processes disclosed herein
may be of any structures including block, linear, radial, star, branched, and
combinations of these. The processes disclosed herein may produce
polypropylene and copolymers of polypropylene. In other embodiments, the
processes disclosed herein may make crystalline polymers. The processes
disclosed herein may make copolymers including from 90 to 99.999 wt% of
propylene units, from 0.000 to 8 wt% of olefin units other than propylene units



I ncl ude ethylene and C4-C 2 conononers such as butene, 3-nethyl pentene,
hexene, 4-nethyl pentene, and octene. Applications: [00142] The processes
di scl osedwben@®i/neiray produce propyl ene based pol ynmers t irat/ise@9082d3 i n any
known t hernopl astic or el astoner appldicati on. Exanpl es include uses in

nol ded parts, filnms, tapes, sheets, tubing, hose, sheeting, wire and cable
coating, adhesives, shoesol es, bunpers, gaskets, bellows, filns, fibers,

el astic fjbers v.en spunbonds,.. seal ants, surgical gowns, and di cal
dew: ces. ndStoipURRNRE Bive SRS ONE iteo, i Feeomitthane Slarf b nERRY TS and
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t hat r enMoreaspedficyldy,eléfinsVincRidehetipyleaentbudérsc | Opengertta$, desenedscri bed
in conjunction with specific, exenplary enbodinents thereof, it is evident
t hat manheptenedat i chmetiddl peoteneons 3-methylal-panienas widrmedwlabpexens to
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Al pat effictudd eshylBh® Caflr€sC,ANdnbAheSOSUSR NS butdR] BehéhRipentéie)di ng
priority docunments, are fully incorporated by reference to the extentsuch
di scl osuhexdng, Aonethylpan¢énst, end ostarie. t hi s di scl osure and for all
jurisdictions in which such incorporation is permtted. [00145] Wen
nunerical lower limts and nunerical upper limts are |isted herein, ranges

from anyA: ﬁ%&t'ér{smt to any upper limt are contenplated. CLAIMS: 1. A

nononer / paration and recycle process for a continuous honobgenous
pol ymeri zati on process conprising: providing one or nore series or parallel

pmgepgg?@t@g] y Pﬁéﬁﬁckﬁé? re@agéingéﬁcﬁhéﬁjeﬁ{ Y96 cO profyiEnd bk P SRS dense
that are used in any known thermoplastic or elastomer application. Examples
include uses in molded parts, films, tapes, sheets, tubing, hose, sheeting, wire and
cable coating, adhesives, shoesoles, bumpers, gaskets, bellows, films, fibers,
elastic fibers, nonwovens, spunbonds, sealants, surgical gowns and medical

devices.

[00143] Applicants have attempted to disclose all embodiments and applications
of the disclosed subject matter that could be reasonably foreseen. However, there
may be unforeseeable, insubstantial modifications that remain as equivalents.
While the present disclosure has been described in conjunction with specific,
exemplary embodiments thereof, it is evident that many alterations, modifications,
and variations will be apparent to those skilled in the art in light of the foregoing
description without departing from the spirit or scope of the present disclosure.
Accordingly, the present disclosure is intended to embrace all such alterations,

modifications, and variations of the above detailed description.

[00144] All patents, test procedures, and other documents cited herein,

including priority documents, are fully incorporated by reference to the extent



and a downstream gravinmetric separator fluidly connected to the one or nore
reactors; pressurizing a polyner-lean streamfromthe gravinetric separator
to form aWRi200/136288sur e pol yner-| ean recycl e stream spPCT{USAYI0PR03

hi gh- pressure pol yner-1ean recycle st®2eaminto two high-pressure

pol yner-1lean recycle streans; heating one of the high-pressure pol yner-1|ean
recycle streans to forma heated hi gh-pressure polyner-|ean recycle stream

nmbi ni h d. hi h.th
oo e B ToPES SR M Pl HERed SRUTHE aF LR id e one
hi gh- pr eamidlesuchank o?&ﬁé&%}%erﬁhﬁ@di stream passing the heated
hi gh- pressure react effluent m xed streamthrough a pressure | et-down

valve to forma heated | ow pressure reactor effluent mxed stream and
passi ng [00d45patWhehonurpedssiul@verctieniey agtlf humetical xppes timamadrorixed t he
gravinetric separator to formthe polyner-lean streamfor recycle and a

pol yner - hetein, sangesnfromrarfyulovtardinpit ¢ esy iupper AmitTaee gambemplated. claim 1,
wher ei n when passing the heated hi gh-pressure reactor effluent m xed stream
t hrough the pressure | et-down valve, the pressure is reduced to pass the

| ower critical solution tenperature phase boundary. 3. The process of claim
1, further conprising recycling the second hi gh-pressure polyner-I|ean
recycle stream back to the one or nore honobgenous pol yneri zation reactors.
4. The process of claiml1l, wherein the heating of the high-pressure

pol yner-1lean recycle streamis done by one or nore heat exchangers. 5. The
process of claim1, wherein the pressurizing of the polyner-lean stream
fromthe gravinmetric separator is by one or nore



hi gh- pressure recycle punps. 6. The process of claim11, further conprising
heating the one or nore high-pressure reactor effluent streans through one
or nore heetoexebmngers before conmbining with the heat egChmiusheopnexssr e

pol ynmer-1lean recycle stream 7. The jg3ocess of claim 1l further conprising
heati ng the heated hi gh-pressure reactor effluent m xed streamthrough a
heat exchanger before passing through the pressure |et-down valve. 8. The

process @Mﬁh@%m 1, further conprising mxing the heated high-pressure
react or t m xed streamthrough a m xing device positioned before the

pressure | et-down valve. 9. The process of claim8, wherein the m xing
device is a static m xer or a nmechanical agitation device. 10. The process

of claim1, wherei A idfoRicesdWent isepatatonaddirbeyulePprodiss fores sonitinidis- down
valve at a rate of at |least 6 MPa/sec.1l. The process of claiml, wherein

at | east homegenouspolymerizationpeoesssicompisingr al | el honngenous

pol ymeri zation reactors produce pol ypropyl .ene honopol r. 12. A

mononer / sol veRIOVd@H& G nmaFFdS?rg%%ﬁ{fu@rgﬁ%‘?&E%Wp% RE3M horogenous
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reactor gid hdeRnsirehmPgRavanerit SEPuritor AailgconhdRtd k& ticeds 8t Rioré | ui dl y
connected to the one of nore reactors; splitting a | ow pressure

pol ymer - te@atorst ream from t he gravinetric separator into two | ow pressure
pol ymer -1 ean recycl e strea}ms; heati ng one of_ the | ow pressure polyner-I|ean
recycl e streaPkSSBWIZIgg polymerdean sicam deom the SEAKIMEII seRaratos ye fIMmt r eam

o mor e pHEERR S St ISR Fishifone or more | ow pressure reactor

splitting the high-pressure polymer-lean recycle stream into two
high-pressure polymer-lean recycle streams;

heating one of the high-pressure polymer-lean recycle streams to form a
heated high-pressure polymer-lean recycle stream;

combining the heated high-pressure polymer-lean recycle stream with the
one or more high-pressure reactor effluent streams to form a heated high-pressure
reactor effluent mixed stream;

passing the heated high-pressure reactor effluent mixed stream through a
pressure let-down valve to form a heated low-pressure reactor effluent mixed
stream; and

passing the heated low-pressure reactor effluent mixed stream through the
gravimetric separator to form the polymer-lean stream for recycle and a

polymer-rich stream for further processing.

2. The process of claim 1, wherein when passing the heated
high-pressure reactor effluent mixed stream through the pressure let-down valve,
the pressure is reduced to pass the lower critical solution temperature phase

boundary.



ef fl uent streans; conbining the one or nore | ow pressure reactor effluent
streans with the heated | ow pressure polyner-lean recycle streamto forma
heat ed | omopn@sien7e react or ef fluent m xed stream and pasdisagowheoheat ed
| ow pressure reactor effluent m xed-g4ream t hrough the gravinetric
separator to formthe polyner-lean streamfor recycle and a polyner-rich
stream for further processing. 13. The process of claim 12, wherein when

passi ng the ope or re highpressur eactor effluent..streans through the
bne of nore. pressur BerEeca bl AR bufirriE Shbrbine et Eb e Feendoaes « he

| ower cr hol ' . RO : Sousof claim
12, furth@@gﬁ#?g)%ﬁgﬁgégﬁ?l ?%gtrgn ?aecycﬁﬁﬁgﬁfﬁrgg%g}]dgﬁﬁgw prsessure
pol yner - pelymergatioh@esdtosam back to the one or nore honbgenous

pol ymeri zation reactors. 15. The process of claim 12, wherein the heating
of the | ow pressure polyner-lean recycle streamis by one or nore heat

exchangers. 16. Th rocess aof .clajm12, .fyrther. co i Sl assing the

| ow pressure %‘ol ynip Ipéooﬁf’%t(’?&laﬂﬁnf L‘Hﬁ?’i‘%ﬂ RGADE, r%&i‘b&?’??‘?ﬁsuf%rough one
or nore ek it1q i ssure

pol ym&*r-‘5 egn rg?:%/}g e g%regetgér%s%.l%@éﬁérhggglra%Eggésl%g}etag\?’glh?néﬁéfse'further
conprising heating the one or nore high pressure reactor effluent streans
through one or nore heat exchangers before conmbining with the heated

| ow- pressure Pol ynEhe peeeess of ghdim bitwhenein 8. pressurjzing eftheof cl ai m 12,
heated | ow pressure reactor effluent m xed

further c riging mxi th
stream tl’i&gﬁ’tﬂﬁﬁ%\ar}ﬁtﬁ%%iﬁ%g{ﬂ%Wﬂ%é ABalop DY RBE Gr a9t ri ¢ separat or.
19. The prac [ wherein the m xing device is a static m xer or
a mech anilﬁggﬁﬁggslu?é{ ché(}% i%éﬁlg g
6. The process of claim 1, further comprising heating the one or more
high-pressure reactor effluent streams through one or more heat exchangers before

combining with the heated high-pressure polymer-lean recycle stream.

7. The process of claim 1 further comprising heating the heated
high-pressure reactor effluent mixed stream through a heat exchanger before

passing through the pressure let-down valve.

8. The process of claim 1, further comprising mixing the heated
high-pressure reactor effluent mixed stream through a mixing device positioned

before the pressure let-down valve.

9. The process of claim 8, wherein the mixing device is a static mixer

or a mechanical agitation device.

10.  The process of claim 1, wherein the pressure is dropped through the

pressure let-down valve at a rate of at least 6 MPa/sec.



20. The process of claim 12, wherein the pressure is dropped through the
one or nore pressure |let-down valves at a rate of at |east 6 MPa/sec. 21.
The proce¥92809/8PATm 12, wherein at | east one of the on®CEUSABORE} | es or
paral | el honbgenous pol ynmerizati on r-ct ors produce pol ypropyl ene

honopol yner . 22. A nononer/sol vent separation and recycle process for a
conti nuous honogeneous pol ynerization process conprising: providing one or

nore series orqparaghlel ous+ p. nerization r to i el di ng one or
nmor e hi gh-pr eg%’ur ﬁ’&i’é?%%gg‘?rﬁ%}%%’ ‘W‘éeé%‘z%ﬁ‘ap ed@ﬁ\lﬁ]set(gnzea# ‘S‘Pg?/i metric
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pol ynmer-lean streamfromthe gravinetric separator to forim a hi gh-pressure
pol ymer - hemopobayerl e stream splitting the high-pressure pol yner-Iean
recycle streaminto two hi gh-pressure polyner-Ilean recycl e streans;

conbi ni ng one of the high-pressure polyner-|lean recycle streans with the
hi gh- t ffl t gt to f a _hi gh- pressure

reactor ef {1 bt nfXxERNSRCLRVaRL sEpartonand rrrils pidsssd oA eRbinid ent

i xed st : i ohe =T t ffl t mxed st .

m xed s ﬁﬁ@gﬁgﬁo&?(ﬂ},gﬁpﬁgﬁgg g?bé&s%ﬁﬁz?%éﬁ.r eactor e uent m xed stream

passing t eate -pressare react | uent m xed stream through a

pressure | et - grovidinglore dranbes serieshsraiaesll¢lhurRo gsafous polydetigatied f | uent
m xed stream and passing the heated | ow pressure reactor effluent m xed

st r eam t reastagh yiehdingrang eremore highppreaswre reactpoeffludné spoammandlacan st ream
for recy nd a

| e ol.yner-rich streamfor further processing. 23. The
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separator into two low-pressure polymer-lean recycle streams;
heating one of the low-pressure polymer-lean recycle streams to form a
heated low-pressure polymer-lean recycle stream;
passing the one or more high-pressure reactor effluent streams through one
or more pressure let-down valves to form one or more low-pressure reactor
effluent streams;
combining the one or more low-pressure reactor effluent streams with the
heated low-pressure polymer-lean recycle stream to form a heated low-pressure
reactor effluent mixed stream; and
passing the heated low-pressure reactor effluent mixed stream through the
gravimetric separator to form the polymer-lean stream for recycle and a

polymer-rich stream for further processing.

13.  The process of claim 12, wherein when passing the one or more
high pressure reactor effluent streams through the one or more pressure let-down
valves, the pressure is reduced to pass the lower critical solution temperature

phase boundary.



boundary. 24. The process of claim 22, further conprising recycling the
second hi gh-pressure polyner-|lean recycle streamback to the one or nore
honogenoO80%12e377zat i on reactors. 25. The process of cP&TAS2@9/00328% ei n t he
heating of the high-pressure reactor-&{luent m xed streamis by one or
nore heat exchangers. 26. The process of claim 22, wherein the pressurizing
of the polyner-lean streamfromthe gravinetric separator is by one or nore

hi gh- pressure pecy Th r

conpri sing heafll ngﬁhﬁe&ggée)sgoorfzcﬁr%l 21 Wg&%@@gﬂ;@g@sﬁﬁﬂzﬁ éngiﬁt streans
through egs clibgTRE Sedtl oM PRAGEIR 19ﬁie911@arpf€s?bw ditbarh bAck fetel & oy essure
pol ymer -l ean recycle stream 28. e process claim 22, further

conpr i si mpmeibonmagenboas pehteeritityn eactossir e react or ef fl uent m xed stream

t hrough a m xi ng device positioned before the pressure |et-down valve. 29.
The process of claim 28, wherein the mxing device is a static mxer or a

mechani cal agi atl devi ce. LT 0cess, 0 | ai 2, Wherein the
pressure is drléppe Iﬂr8ﬁi)slsf qfﬁ: alB? igsﬁﬁgrq%?}’%f}ﬁl%&/ eel? aPISSP W Cof  at
| east 6 NBB/m&Cleartecy -@P@sﬂ?éé%ﬁfﬁﬁ%%ecdr%ﬂfezl%fat%@ﬁ gt |east one of the
one or noré series or parall nmogenous polyneriz |on reactors produce
pol ypr opyl ene honopol yner.
16.  The process of claim 12, further comprising passing the
low-pressure polymer-lean stream from the gravimetric separator through one or
more recycle pumps before splitting into the two low-pressure polymer-lean

recycle streams.

17.  The process of claim 12, further comprising heating the one or more
high pressure reactor effluent streams through one or more heat exchangers before

combining with the heated low-pressure polymer-lean recycle stream.

18.  The process of claim 12, further comprising mixing the heated
low-pressure reactor effluent mixed stream through a mixing device positioned

before the gravimetric separator.

19.  The process of claim 18, wherein the mixing device is a static mixer

or a mechanical agitation device.

20.  The process of claim 12, wherein the pressure is dropped through

the one or more pressure let-down valves at a rate of at least 6 MPa/sec.

21.  The process of claim 12, wherein at least one of the one or more
series or paralle] homogenous polymerization reactors produce polypropylene

homopolymer.
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22. A monomer/solvent separation and recycle process for a continuous
homogeneous polymerization process comprising:

providing one or more series or parallel homogenous polymerization
reactors yielding one or more high-pressure reactor effluent streams and a
downstream gravimetric separator fluidly connected to the one or more reactors;

pressurizing a polymer-lean stream from the gravimetric separator to form
a high-pressure polymer-lean recycle stream;

splitting the high-pressure polymer-lean recycle stream into two
high-pressure polymer-lean recycle streams;

combining one of the high-pressure polymer-lean recycle streams with the
one or more high-pressure reactor effluent streams to form a high-pressure reactor
effluent mixed stream,;

heating the high-pressure reactor effluent mixed stream to form a heated
high-pressure reactor effluent mixed stream;

passing the heated high-pressure reactor effluent mixed stream through a
pressure let-down valve to form a heated low-pressure reactor effluent mixed
stream; and

passing the heated low-pressure reactor effluent mixed stream through the
gravimetric separator to form the polymer-lean stream for recycle and a

polymer-rich stream for further processing.

23.  The process of claim 22, wherein when passing the heated
high-pressure reactor effluent mixed stream through the pressure let-down valve,
the pressure is reduced to pass the lower critical solution temperature phase

boundary.

24.  The process of claim 22, further comprising recycling the second
high-pressure polymer-lean recycle stream back to the one or more homogenous

polymerization reactors.
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25.  The process of claim 22, wherein the heating of the high-pressure

reactor effluent mixed stream is by one or more heat exchangers.

26.  The process of claim 22, wherein the pressurizing of the
polymer-lean stream from the gravimetric separator is by one or more

high-pressure recycle pumps.

27.  The process of claim 22, further comprising heating the one or more
high-pressure reactor effluent streams through one or more heat exchangers before

combining with the high-pressure polymer-lean recycle stream.

28.  The process of claim 22, further comprising mixing the heated
high-pressure reactor effluent mixed stream through a mixing device positioned

before the pressure let-down valve.

29.  The process of claim 28, wherein the mixing device is a static mixer

or a mechanical agitation device.

30.  The process of claim 22, wherein the pressure is dropped through

the pressure let-down valve at a rate of at least 6 MPa/sec.

31.  The process of claim 22, wherein at least one of the one or more
series or parallel homogenous polymerization reactors produce polypropylene

homopolymer.



