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 recy'c1l'e process for polynerization plants
maki ng propyl = i i 1=
supercriticas - H 3 Fdi tions.
BACKGROUND [ 0002] AAEQRIRQBYLENE ¢ PALAMERS es, as descri bed
in U S Patent Application Serial No. 11/961,583 involve increased nononer
concentrations in the polynerization reactor(s) delivering polyneric
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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 ghly crystalline isotactic polypropylenes with sufficiently lownelt flow
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thereof under supercritical, solution, and advanced solution polymerization
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conditions.

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



WD 2009/ 126277PCT/ US2009/ 002203 - 2 - for recovering the bulk of the | ow
nol ecul ar wei ght nononer and sol vent conponents fromthe reactor effluent
for recycwe 2a®/dexcri bed in U S. Patent Application SeriPall/uS20090022854, 93.
The separation process involves heat.igng the reactor effluent before letting
its pressure down to rapidly cross the fluid-fluid phase separation
boundary from the single-phase to the two-phase region in the phase

di agram . The heat.i ng,, st ne tQ i ntrqduce enau heat to cover, th
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providing a reduced risk of fouling in the separation-recycle train.
poorer solvents for the product 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



SUMVARY [ 0006] Mbnoner / sol vent separation and recycle processes are

provi ded for continuous honbgeneous pol yneri zation processes, such as
supercri twoabgy/rei7at i on and advanced sol uti on pol ynmeri zaCirarsooopendduce
propyl ene-cont ai ni ng polyners and thej¢ blends. [0007] According to the
present disclosure, an advantageous nononer/sol vent separation and recycle
process for continuous honbgeneous pol ynerization processes conprises
provi din nore series. or, parall el nerization
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captured. Nonetheless, the disclosed monomer / solvent separation-recycle
process configurations provide advantages even in a conventional solution
polymerization plant operating with higher solvent concentrations by providing a

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



[ 0008] A further aspect of the present disclosure relates to an advant ageous
nmononmer / sol vent separation and recycle process for a continuous
honbgeneow® 2p@/ i zat i on process conpri sing provi di ngPOMAISEE09/0022@3 Ser i es
or parallel honbgeneous polynerizatiop.reactors yielding one or nore

hi gh- pressure reactor effluent streanms and a downstream gravinetric
separator fluidly connected to the one or nore reactors; splitting a
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aspect ofortfuethef peRRsilgscl osure rel ates to an advantageous nononer /

sol vent separation and recycle process for a continuous honbgeneous

pol ynmeri zati on process conprising providing one or nore series or parallel
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passing the heate re reactor uent m xe ream through the
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pol ymer-rich streamfor further processing. [0010] These and ot her features
and at t rraagtossfBaentiseredimschosigh gnoorswes 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
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/ solvent separation and recycle in a continuous honbgeneous

pol yneri zati on process of the present disclosure and their advantageous
appl i cat iwo0@dér uses will be apparent fromthe detaPCeEaSdesnnizps i
which follows, particularly when reagin conjunction with the figures

appended hereto.
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0011] To assi st those of

ordinary skill in the relevant art in nmaking and using the subject matter
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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.

[0010] These and other features and attributes of the disclosed processes for
monomer / solvent separation and 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.
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- 6 - [0014]Figure 3 depicts an alternative exenplary schematic of the

di scl osed nononer / solvent separation and recycle, wherein the

pol ymer - [warroeeieyrtie stream and reactor effluent streamparTaSecaiodazesl at | ow
pressure and heat is added to the | owpressure polyner-|lean recycle stream
prior to conbining it wth the | owpressure reactor effluent stream

[ 0015] Figure 4 depicts an alternative exenplary schematic of the discl osed
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pol yneri zati on nmedi um phase di agram of the current disclosure.

DEFI NI TI ONS

to the low-pressure polymer-lean recycle stream prior to combining it with the

low-pressure reactor effluent stream.

[0015] Figure 4 depicts an alternative exemplary schematic of the disclosed

monomer / solvent separation and recycle, wherein the combined polymer-lean

high-pressure recycle stream and high-pressure reactor effluent stream are heated

before pressure let-down.

[0016] Figure 5 presents a graphical depiction of the thermodynamic deﬁnitibn

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.



[ 0018] For purposes of this disclosure and the clains thereto. [0019] A
catal yst systemis defined to be the conbination of one or nore catal yst
pr ecur sorwoanpozezys and one or nore activators. Note th&aCTaiSLv90I203

t hensel ves are not catalytically active (need to be conbined with an
activator to becone active), the catal yst precursor conpounds are often
referred to as catalysts in the art of polynerization. Any part of the
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[0021] Solid-fluid phase transition tenperature is defined as the

t enper at i tdigated by the crystallization temperature line in Fig. 6. Note also that in
polymer-solvent (the solvent could be the dense fluid monomer itself or
monomer-inert solvent blends) systems the crystallization and melting
temperatures (the latter defined as the temperature at which a solid polymer
dissolves in the surrounding dense fluid medium) are often not the same. In fact,
the dissolution of solid polymers typically requires significantly higher
temperatures than the solid-fluid phase transition temperature. The solid-fluid
phase transition temperature can be determined by temperature reduction starting
from temperatures at which the polymer is fully dissolved in the dense 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.

[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



whi ch a solid polynmer phase separates fromthe pol yner-containing dense
fluid mediumat a given pressure. Note that the solid-fluid phase

transiti onotesppesavure i s indicated by the crystallizat iPem/usesmeozbiire |ine
in Fig. 6. Note also that in polyner-golvent (the solvent could be the
dense fluid nononer itself or nononer-inert solvent blends) systens the
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[ 0022] Sol i d-fluid phase transition pressure (crystallization pressure) is
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J. C. Pifope nlddmdesgd. Chem Res. 29 (2000) 4627. For purposes of this
di scl osure and the clains thereto, the cloud point is neasured by shining a
hel ium | aser through the selected polynerization systemin a cloud point
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Pol yneri zati on enconpasses any pol ynerization reaction such as

honopol rizati and copol rization.
P yﬂﬁ)ZSf Whes a po?yme r?s? 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.



[ 0026] Copol yneri zati on enconpasses any pol ynerization reaction of two or
nore nononers. [0027] The new nunbering schene for the Periodic Table
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y arrangedS in a'series configuration within the train. The need for having more than

one reactor in a reactor train may, for example, arise when an in-line blend
component cannot be produced at the desired rate economically in a single reactor
but there could be also reasons related to blend component quality, such as
molecular weight or composition distribution, etc. Since a reactor train can
comprise multiple reactors and/or reactor zones in series, the single blend
component produced in a reactor train may itself be a polymer blend of polymeric
components with varying molecular weights and/or compositions. However, in
order to simplify the description of different embodiments of the processes
disclosed herein, the polymeric product of a reactor train is referred 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
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or reactor leg refers to a single polynerization reactor or to a group of
pol yrer i 280i2000/26x¢t ors of the in-1ine bl endi ng processPdirastasmo2her ei n

t hat produces a single polyner blend monponent. If the reactor train
contains nore than one reactor, the reactors are arranged in a series
configuration within the train. The need for having nore than one reactor
in a react se vvh(?n an i
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can conpeorsfigurdtibn pif ¢he palindérzaaivdh procesadisClosédherin, . theaombifgtish ngl e
bl end conponent produced in a reactor train may itself be a pol ynmer bl end

of pol yne¥alt pe nehmenvationvegagton dgrammy fornisathe weaagort bardnd/ or conposi ti ons.
However, in order to sinplify the description of different enbodi nents of
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essentially the same in-line blend conponent. Also, spatially separated,
paral l el reaction zones that do not exchange or m x reaction m xtures by,
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considered as separate parallel reactor trains even when those parallel
zones areomeremar(s) rplas cpokypreréelplusaraptiomial imetthisolvwemd(s)idiluentés)olpdusli ng
process discl osed herejn. 033] Reactqr bank refers to the conbinatjon of
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connected) in parallel. A reactor train, branch, or leg may include one

r eact or pﬂl}{mereahani&yete]n nisr defireah heree naemotarr 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
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configuration. For exanple, a reactor train may include two, or three, or
four, or worewweexvors in series. The entire parallel reattuseoeoof20yurati on
of the polynerization process disclosgd- herein, i.e., the conbination of

all parallel polynerization reactor trains forns the reactor bank. [00351
Mononmer recycle ratio refers to the ratio of the anmount of recycled nononer

fed to the. .reactor ,divided b he total (fre | us recycl ed). anount of
rononer - PEHETS i HPBRESGEoY i b Breionil oM dih haRone Tt HIER 05 be

t he nono : S 39{5@ r s S i | :

sol vent(g?mlﬁlg‘{rﬁﬁ(%gﬁg? S o%’g ?%hr?;‘l&zlgg%é/ndg}grisg%i. ak%t%f)?ﬁaﬁ&?glrér{%ghgake of
conveni egysterarid repreberited byhthesaigle fhiid (lighrhor supeeehite dthidp pation ¢h ytsi n t he
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react or . phasetdipgramsgar d, the pol ynerization systemis defined here narrower
than customary in the art of polynerization that typically considers the

catal yst _system as part of the pqlynerization system In the current
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di scussi ons, honpbgeneous pol yneri zation systens are neant to be 1n their
dense f| ciidcdlltempiecatore EDg)eamt a pressuje abaateeits deitieal prebsurar(PdRf Miixtiies of
t he polynerization system does not include the catalyst system thus the
cat al yst oEhydrogarhopsoinchedinggnixfurassHogenemgss, polymeis, wad optiongly inert

pol ymeri zat i on stem ho neous syste y _have regions wth
concent r%lal?'%tsg 4P Pl obﬂq?‘%ﬁeﬁeg’%ﬁﬁéﬁesog)r H)g agadﬂﬁeﬁ‘, Ogrricalt Prrgses
changes CHRSS bt R hish QAN k .1 hyl . t &Y ltkql s the
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a dense #varages bfi theacérrespondénigrerititah propemies US ook YPEr bf ahe omistusé’em has
all of its conponents in a single dense fluid phase. Apparently, a
pol yrer i gapenents. Mixtures with a temperature above their pseudo-critical temperature
and a pressure above their pseudo-critical pressure will be said to be in a
supercritical state or phase, and the thermodynamic behavior of supercritical
mixtures will be analogous to supercritical pure 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
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di agram [0038] Pure substances, including all types of hydrocarbons, can
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subst ances., For purposes of this disclosure, the critical tenperatures (Tc)
and cri t flads flypeenylrepsis(ayeiopsntadienydi n pure substances relevant to the
current disclosure are those that found in the HANDBOOK OF CHEM STRY AND

PHYSI CS, d Lide, Editor-in-Chief, 82nd edition 2001-2002, CRC Press,
LLC. Nevd@?m %olconﬁwuaahlﬁcmeam g FyStem éﬂeﬁ PPCEHeSs 4P df ethtenidss &0ces
are:

Nangpél;ﬁtes KQitfSut interruption or cessation. For example, a continuous process to
produce a polymer would be one where the reactants are continually introduced

into one or more reactors and polymer product is continually withdrawn.

[0041] 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
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temperature, thus solution polymerizations are performed below the supercritical
temperature and/or pressure. Conventional solution polymerization processes
typically operate with more than 65 wit% inert solvent present in the
polymerization system at pressures below 13 MPa (1885 psi) and temperatures
between 40 and 160°C.

[0043] Advanced solution polymerizatidn refers to a homogeneous solution
polymerization process in which the reactor pressure is typically between 1.72-
34.5 MPa (250-5,000 psi), the reactor temperature is between 50 and 160°C,
solvent concentration in the liquid polymerization system is between 20 and 65
weight % (wt%). The solvent is typically a hydrocarbon or fluorohydrocarbon
that is inert in polymerization. Advantageously, the solvent is a paraffinic

hydrocarbon of 4-8 carbon atoms.

[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.
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[0046] Homogeneous supercritical polymerization refers to a polymerization
process in which the polymer is dissolved in a dense supercritical fluid
polymerization medium, such as an inert solvent or monomer or their blends in
their supercritical state. As described above, when the supercritical fluid
polymerization system contains less than 40 wt%, 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 and the polymer is dissolved in the dense supercritical fluid, the process is
referred to as a bulk homogeneous supercritical polymerization process.
Homogeneous supercritical polymerization should be distinguished from
heterogeneous supercritical polymerizations, such as for example, supercritical
slurry processes, the latter of which are performed in supercritical fluids but form
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.
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[0049]l The improved monomer separation and recycle processes disclosed
herein may operate in conjunction with the advanced solution polymerization
processes described in U.S. Patent Application No. 11, 954,273 filed on
December 12, 2007, U.S. Patent Application No. 11/961,583 filed on December
20, 2007, and U.S. Patent Application No. 12/016,346 filed on January 18, 2008,

each of which are herein incorporated by reference in their entirety.

[0050) The monomer separation and recycle processes disclosed herein may
operate in conjunction with the solution polymerization processes and apparatus
described in U.S. Patent No. 7,163,989, herein incorporated by reference in its

entirety.

[0051] The monomer/solvent separation and recycle processes disclosed herein
may also operate in conjunction with the supercritical polymerization processes
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



3.796 Cycl opentane 511.7 4.51 Ethylene 282.34 5.041 1-butene 419.5

WO 2009/126277 PCT/US2009/002203
-16 -

reactor effluent stream via a heated internal recycle stream comprising the
polymer-lean effluent from a gravimetric separator. More particularly, the heated
internal recycle stream of the polymer-lean effluent from the gravimetric separator
is pumped back and combined with the reactor effluent stream before the
separator at either high pressure or low pressure. Enough heat must be provided
to the combined polymer-lean effluent and reactor effluent stream to satisfy two
requirements. The first requirement is that the lower critical solution temperature
(also referred to LCST) boundary may be crossed in the combined polymer-lean
effluent and reactor effluent stream before entering into the phase separator, such
that a polymer-lean phase and a polymer-rich phase will form, phase separate, and
exit the separator. The second requirement is that enough heat may be added to
the combined polymer-lean effluent and reactor effluent stream such that the
polymer-rich phase exiting the separator may still have enough heat (high-enough
temperature) 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
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chillers. Polymer is then formed in solution in the reactor. Note that disclosed
processes may use more than one reactor connected in series or in parallel. The
high-pressure reactor effluent stream exiting the reactor is then fed to the cement
heater, also referred to as a heat exchanger. In the heat exchanger, heat is added
to the reactor effluent stream, such that a single phase is present throughout the
heat exchanger. In case more than one parallel reactor train is deployed in the
polymerization reactor bank, the reactor effluents are typically combined before
the cement heater. However, they may also be heated individually before they are

combined.

[0057] The pressure of the heated high-pressure reactor effluent stream from
the cement heater is then reduced across a pressure let-down valve to provide for a
low-pressure reactor effluent fed to a downstream phase separator. The cloud
point boundary is crossed through the 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
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enough to stay molten through the rest of the processing steps, but not so hot as to
cross the cloud point boundary within the heat exchanger. If two phases
(polymer-rich phase and polymer-lean phase) are formed in the heat exchanger
due to overheating, then fouling of the heat exchanger heating surfaces may occur
due to the polymer-rich phase. The prior art separation scheme depicted in Figure
1 has limitations on the monomer concentration. Namely, as the solvent
concentration is reduced (or monomer concentration increased), at some point the
amount of heat that can be supplied in the heat exchanger to the reactor effluent
stream without fouling is not sufficient to maintain the polymer molten through
the remaining downstream processing steps for recovering the polymeric product
in with the desired low concentration of volatile organic compounds (VOCs).
These VOCs are typically released into the environment during processing the
polymers into articles of use. Since these pollutants contribute to ground-level
ozone, their concentration in the product polymer may need to be reduced to a low
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.
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Exemplary Process Embodiments and Flow Diagrams:

[0059] One exemplary embodiment of the improved monomer/solvent
separation and recycle processes disclosed herein as depicted in Figure 2. In this
embodiment, the heat necessary for achieving phase separation upstream of the
phase separator and for the removal of the solvent and monomer remnants from
the product downstream of the phase separator is provided by heating a polymer-
lean recycle stream from the phase separator and combining this heated polymer-
lean recycle stream with the rector effluent. Note that the single reactor depicted
in Figure 2 may also optionally be two or more series connected reactors, or two
or more parallel reactors, or a combination of series and parallel reactors together
forming a reactor bank. Referring to Figure 2, the homogeneous (solution, or
advanced solution or supercritical) 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. 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,



[ 0039] The foll ow ng abbreviations are used: Me is nmethyl, Ph is phenyl, Et
is ethyl, Pr is propyl, iPr is isopropyl, n-Pr is normal propyl, Buis
butyl, i BuOi2sowetratyl, tBu is tertiary butyl, p-tBu isPpars2ee00izaasy
butyl, TMS is trinmethylsilyl, TIBA iri-isobutylalum num MAO is

met hyl al um noxane, pMe is para-nethyl, fluis fluorenyl, cp is
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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,



- 13 - tenperature, thus solution polynerizations are performed bel ow the
supercritical tenperature and/or pressure. Conventional solution

pol yer i 2802000/ ps¢esses typically operate with nore thaoTaB2000803208r t
solvent present in the polynerizati apjsystem at pressures bel ow 13 M Pa
(1885 psi) and tenperatures between 40 and 160C. [0043] Advanced sol ution
pol yneri zation refers to a honogeneous sol ution polynerization process in

whi ch the reacto ressure i ically between 1.72- 250- 5, 000
pai s ¢ nr ebarohaR el b o 40¥€) BF wedare S bl oy CebRhe att on
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i n pol ynetir¢aratis 220°CAdvant ageously, the solvent is a paraffinic hydrocarbon
of 4-8 carbon atons. [0044] Supercritical polynerization refers to a

pol yneri zati on process in which the polynerization systemis in its dense
supercri {0062) orThes chedteds upighepressurel pelyaner-lean erecyiebn dttemndeocsnthining t he
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above t hBredgpnaaisbhphvgnt rand awn%wué%.thqrw@s}lmﬁ wibh yiher PBGIATOMOref er s
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olefin monomers.

[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



- 14 - [0046] Honbgeneous supercritical polynerization refers to a

pol yneri zati on process in which the polyner is dissolved in a dense

super cri tWearo%12637@ pol yneri zati on medi um such as an i RET{USSEOHEI03 or
nmononer or their blends in their supg@xsritical state. As described above,
when the supercritical fluid polynerization systemcontains |ess than 40
w% or less than 30 wt% or less than 20 % or |less than 10 w% or |ess

0 wt % of |
di ssot vl o re s Ao B, Seiepicl] befShbs e Bl RMIchd eI eb Ry 250 as a
bul k honpaeAsty RYBEHE.! tTlﬁ?‘Ehgf?ﬁéiﬂﬁEh | S'serﬂ(fw ﬁ‘%m HPORARP UF the

supercritical pol erEI’I zation t1 ngui shied from het er ogeneous

super cr i béparhtopchgtmbecorats ons ﬁols)unbr-ﬁeh fsoreagrx afMiheepolymesrich sirearh thenrry
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exchanger) to foul after combining the heated high-pressure polymer-lean recycle

stream and the high pressure reactor effluent stream(s).

[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



- 15 - [0049] The inproved nonomer separation and recycle processes

di scl osed herein may operate in conjunction with the advanced sol ution

pol yrer i 2802000/ ps¢esses described in U S. Patent Appli eariusaoomo02203,
954,273 filed on Decenber 12, 2007, lp$S Patent Application No. 11/961, 583
filed on Decenber 20, 2007, and U.S. Patent Application No. 12/016, 346
filed on January 18, 2008, each of which are herein incorporated by
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operate in conjunction with the supercritical polynerization processes

descr i begrdssung. RlyPerdean keycle S7eam36 is hessalesirabledbgranse ofl thy/ince¢asednce i n
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entirety. [0053] The di scl osed nononer/sol vent separation and recycle

pr ocessemizedstaearant ageous when used in conjunction with bul k honbgeneous
supercritical (will also be referred to herein as supercritical) and
advanced_sol uti on pol yneri zation processes of propylene containing polyners
because [M¥97}r oMindarotbenexkemplary| embedimericol ths imprayedomenom vent

dvant ages associ at.ed with these prpcesse nanely | ncreas nonqQne
oneent PSRRI Ao TRyl RIS Sen (BIRIoT, herit 0 alEwn odiede dordbfier and

sol vent [&&¥S &fluent stream heat exchanger is again eliminated, but the contacting of

the heated polymer-lean recycle stream with the reactor effluent stream occurs
downstream of the pressure 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



WD 2009/ 126277PCT/ US2009/ 002203 - 16 - reactor effluent streamvia a
heated internal recycle stream conprising the polyner-|lean effluent froma
gravi net rWe 28¢p36dfor. More particularly, the heated i nPETARR0OVHEI20}
stream of the polyner-lean effluent 42domthe gravinetric separator is
punped back and conbined with the reactor effluent stream before the
separator at either high pressure or |ow pressure. Enough heat nust be
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m ni mal enhel or punp around and al so has better heat transfer
properties, Sgﬁgfe(B) t he heat exchanger required for heating the
pol ymer-1lean effluent can operate at reduced tenperatures, thus reducing

i ts i nveppogBNt aré qagn@iremwolfeta&drélbfﬂﬁ@nl Bir8Ampd) i€ ChiduBheftof NBwer
pol ymer -1 ean phase dilTutes the reactor effluent, thus reduCing its
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depicts a process configuration of the prior art pononmer separation and
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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



WO 2009/ 126277PCT/ US2009/ 002203 - 17 - chillers. Polymer is then fornmed in
solution in the reactor. Note that disclosed processes nmay use nore than
one react\Wp 20eMi3erfed in series or in parallel. The hi ghRCHRE3¥I0622pact or
effluent streamexiting the reactor iXt+hen fed to the cenent heater, also
referred to as a heat exchanger. In the heat exchanger, heat is added to
the reactor effluent stream such that a single phase is present throughout
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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



enough to stay nolten through the rest of the processing steps, but not so
hot as to cross the cloud point boundary within the heat exchanger. If two
phases (pabynevi26i7ch phase and pol yner -1 ean phase) are Pomrsdooomoi2be heat
exchanger due to overheating, then f.@dgding of the heat exchanger heating
surfaces may occur due to the polyner-rich phase. The prior art separation
schene depicted in Figure 1 has limtations on the nononmer concentration.
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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



11.7 MPa, is lower than the | ow pressure of 13.8 MPa in the supercritical
process. Inportantly, however, the disclosed processes can be broken into a
wel | - def iWORIM G 7pr essure section and a | ow pressure s&CTIUGRW00MR20he

di scl osed processes, the polynerizatiZh reactors typically operate in the

hi gh- pressure section, while the phase separator and equi pnment downstream
of the phase separator typically operate in the | ow pressure section.

[ 0060] The. tenperature of,the reactor effluent str ] r e from40C to
1806, o Ny ERFREEE Y iagicical o et o aht GRLIRIE el OFE 4 B
MONOMer s t ' IRk t eact or
o 1 et P e e o e AP S e B
t hat t hehigh-pressudieuscycleprnipwo form & kghgersssunbipotyhbsqanassycle stredm.
tenperature of the polymerization systemin the reactor are selected such
that t helpelyghepressbreopolymerdaan oyslestsean isthearsplit intgi twphighepreppue 1] A
gravinetr plarator i.s | ocated dognstrgt?m of the Islol yneyi zati on reactor

and i 1 POANASIERRTEEYAE SSaMsY R Lot D PrRssSS PIPIDE/AE o TOWHR - | can
phase st Al (¢ gTIbDecGifAiIRG) 6 SRRRIThOkclafy DUREhikid Ohe BT dEE 10

hi gh pressure as t reactor pressure, via -pressure recycle
punp to $te¢ams hOgle- RigspryssuieOlpyliBhel-RAR FRSYId stRbireanay THe optiohally essure
pol ymer-1lean recycle streamis then split into two high-pressure

pol yrer - resgialedebgek dosthecane o aneret pelyimmerizagiopr oeasterspi piheg othredt hight ow
control neans (e.1 flow control val Ve%)é 0 contro el ative f ow rate

: |l th
of the tREFSSUERAIEMErleatEecyelfeStErYR-1Br% D& fAm Pgﬁﬁ&tﬁﬂé%ﬁe%eye ey eam
may be opt.l d k the.. Iy [10 t y ot her
- pr cocoi Aol efip HealRE MGt i BRIAHET e MR BroRR R Mer By o
back to rRyblendrétint Rohfningasie@omhdteiesdlveht SR mdnterPRIthes WoRilied one of
the two hi %h-pressure pol yner-1lean recycle streans may be heated in a
| ean- phawithtthatome ar moeahighxpreasurerreactot effluenttstrennt frogphtherreastor@) to
polyrrer-l_ean rﬁ\%ﬁf-le stream prior,_to being, conbined with the reactor
ef f I uent 14} @q RESSEWE: Beckorg TRV ket strgary: - | Eheser BRQ cStEcatmy @5en i s

gener al | r eat t t o C._or greater
Phan or SnGeAzE e YEfps bl Gl R BBl osB 2 3Bt 2 g S ey
than or rRedavr 9al@0CTher highgiesdurt hRActeF FfUaht hftxdP freateRffyaiter bé he

maxi mum t enper at ure of the heated high-pressure polyner-1lean recycle stream
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cont ai ni ng predom nately solvent and nononmer is then conbined with the one
or more OB devdcs, dn osder lorimyrrpy e dhg mixinghatween the polymeralean recycle

hi gh-pre re reactor effluyent nixed stream These two streans are conbi ned
after thsxsaé géé?@?lée %ﬁﬁ? e P%ntas T8tist r eam pressure | et-down valve. The

tenperature of the heated hi gh-pressure reactor effluent m xed stream needs
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140C to 200C when pol yneri zing ol efi n nonomners. .
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.



[ 0063] The heated high-pressure reactor effluent m xed stream may then be
optionally passed though a m xi ng device, such as a static mxer or a
mechani caWO280%126376n device, in order to inprove the m RCAGSBYONERAS t he
pol yner-1lean recycle stream and the -8actor effluent stream The heated
hi gh-pressure reactor effluent m xed streamthen is passed through a
pressure | et-down valve to forma heated | ow pressure reactor effluent

! . d 1 of - ed
Ot r oo IR VPR REREH et BregibRt FoatySeRieh? Bitkea FA%HY el s 853 " xoe
the | owem&ﬁ%ﬁ }agﬁfless%% Y @Swh SRS & ]g(m gﬁad RAR : QM09 Nor fTRidRE ESSUr e

of the heate W- pressure reactor e m xed ream may be dropped

t hr ough mireedosreamt € When deassingathechedted highere§suaé reactor «Fflvead afiged or 4
MPai sec, or 2 MPa/sec. [0064] The heated | ow pressure reactor effluent m xed
st r eam estreann ghromghpthe sprgssare det-dowin wadvese thepressues issreduceddograssithet ri c

Separ at o P ST b oo rtREgiE Phebe HoNgorRbm P BOrare e Bated
=Spar at O TR WAEIcr| AAIcAYSEed LGtV B 2008002827 EKTLHEERY 02202

-22 - from top of the separator becone r-lean recycle stream

as previNP/secdessVbatec,1dre2 MPY/S&Y thidggh tHeasesdureWtd@own aalvdle bot t om of
t he separator then becones the polynmer-rich stream The polyner-rich stream

then proceeds for further processing (not shown in Figure 2) as will be
descri bel®032@] owThe heated 1dve-pressywerrepetoduefifluehy phbad yptreama exitinigd thel | et
form which may then be used in polyner processing produci ng end-use

arti cl espressyge gdet-dawin valys theaypasscs intoap SrayiMeRE SNARIr IO $aPAratReh be

pressurized. split and ortigon of the split stream heated for conhi ning
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stream amavmélyhrigwrmeg‘ssdﬂl@ pelysesricr phassfloseing Hispr) 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.



[0065] I n an alternative formof the process depicted in Figure 2, the one
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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



- 24 - heated | ow pressure polyner-lean recycle streamprior to being
conbined with the reactor effluent stream The heated | ow pressure

pol yrer - [ wanroeseieyrtie streamis generally heated to a temrpEstamwaorgoeat er
than or equal to 140C, or greater thagp-or equal to 160C, or greater than or
equal to 180C, or greater than or equal to 200C. Generally, the maxi num

t enperat ure of the heat ed | ow pressure pol yrrer-l ean recycle streamis 220C.

(hi s enoBuriarg BeSrdinet Heand SRHTSCERRPBIRYE ors, ERGIGE iRl 15T
depi ct edpiiy ﬁh&ﬂf ‘?’u%hﬁh‘ﬁoﬁé’ N(?saWQzBr%%CQﬁ@ 65?0&6@9}“{}39%% E‘P't?t %g)f t he
es I 0068]

| ow- pressure polyner-Tean recycle stream which Ts un The

hi gh- pr eSs0108/040261Qlpagés Buw'tSS;tW@OBﬂMOQSﬁ(F@g@fm tO52 WO 03/046442 by
passi ng through a pressure |et-down valve to forma |ow pressure reactor

ef f | uent (RageRadd t9h8A),pA¥Ei W/ B862&aandr Uel.f Patent Appbeatiomrgrigl Nee
pressure essure is reqyced.to pass the |lower critical
sol ution Qﬁrég%\émﬁ?‘gl %ﬁ‘ggécq’oléﬂ’rﬂ%lwnﬁ?rﬂ%@ea&Mrﬁf"é?g%'e m xed reactor

ef fl uent stream forned by m xi ng the | ow pressure reactor effluent and the
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[ 0069] The heated | ow pressure polyner-|ean recycle stream contai ning

pr edoni n¥HCll s Slgfinsat Amactivaoresan alsphaiteetothsi mhew ath weiight, slegpreeobur e
t ff t st f th t h
eact o BanFhiBik cfimoBAr cofinty fr PIRE o icy SeePE PPl L. Non BRfifhe 1" ©
| f
oW pr es@)gb'en?%?@ﬁ%l%se@ Bk’“ﬁ@[lﬁl vatbieq éﬁfd%a%r%ﬁ'l ioxaRt GRE Mafurfind@h Ca fk?f?e, ‘he

but wll sent as two ases after conbining the two streans,

pressur eacammre,nimizihgllaetioaitotdjexohe@heﬁngemwitessiure reactor effluent m xed
streamis set to ensure that the stream separates into two dense fluid
phases. The tenperature of the heated | ow pressure WO

2009/ 126098 T/ Udr0cw4lgseeaBpounds 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



reactor effluent m xed stream needs to be high enough to provide for the
heat of volatile organic conpounds renoval fromthe polyner-rich effluent
drawn fr owoth@/taez7om of t he phase separator and nay ramge/UdSeanmod20LC t o
200C, or from 120C to 180C, or fromdy0C to 200C when pol ynerizing olefin
nononers. [0070] The heated | ow pressure reactor effluent m xed streamthen
passes into a gravinetric separator to separate a pol yner-| ean phase
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Stream 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.



[0072] The di sadvantage of this | ow pressure conbi ning enbodi nent (Fi gure
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reactor effluent m xed streamthen is passed through a pressure |et-down
val ve t o WOra%12pat ed | ow pressure reactor effluent m REA/S2¢024M203\hen
passi ng the heated high-pressure read3cer effluent m xed stream through the
pressure | et-down valve, the pressure is reduced to pass the lower critical
sol ution tenperature phase boundary. The pressure of the heated
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pol ynmer-Jean recycle stream as previously descri.bed. . The polyper-rj.ch phase
P ot ng FFORn eREBRERGF TeRcioBE it Bifhokeh & thix ahslonine” ool fiktandifig
stream ady] rﬁ&ﬁ% r f I aPHAG | (not
shown i nﬂi@%g@%ﬂ@% %idrgmplaﬁhbe é@ﬁ?ggﬁ ﬁgﬁg\%‘{ gﬁiiﬂgf’%ﬁ?ﬁé’ 'Frlfénlgt?ﬁipg ymer
product . pdlymepiohtioRrsystmm in dey hbmopeneaud tonditiohe Sanablatactigy vebsils be
pressurized for conbining with the reactor effluent stream as previously
descri betclydegheia knewndnitke adttpwmaintaimhigh-prepsure polytrerizationaeactions.

hi gh-pre artially heated in a cenent

sure reactor effluent, streans be
heater 1 SHaie &RAHARy 8Fe éﬁfésteéh iwt%qg%ﬁ,ep PrajopRd Hpap Rfae@clave,
hi gh- pr Iﬁf&ﬁ r i ng conbined with the
hi gh- pr g@?tﬂaﬁ’ 2|{oo y%&lﬁ%&éﬁﬂ@%&%@&?%@?ﬁ ée}g’t enperature of the heated
hi gh- pressure reactor effluent stream may be naintained bel ow the LCST in
or der toHom] d MitbtRYe BadtBfs E8TBRLopeRled in BALR RPLIMIMARSRBEES T4
heating 1 oad required by downstream cenent heater / heat exchanger after
conbi ni nprovide fietter ppresinotieity e anidorthes ftoudowestpredoctionw ¢dwe, oghinpoessur e

pol ymer -1 ean_recycle stream . . )
operation is beneficial in commercial operations. Tubular reactors operate in a

continuous mode. Typically, autoclave reactors have length-to-diameter ratios of
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



WO 2009/ 126277PCT/ US2009/ 002203 - 29 - Pol yneri zation process: [0079] The
upstream pol yneri zati on process may be a sol ution process, an advanced

sol uti on Wwoae®sR6Ir a supercritical process. |In sone enipodiuseows)2203 | east
one of the nononmers or conononers ut-id4i-zed i s propyl ene. There may be a.
single polynerization reactor, or two or nore series reactors, or two or
nore parallel reactors or a conbination of series and parallel reactors for
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two or nore carbon atons can be used. Exenplary nononers include ethylene,
pr opy| engonégieqzancdperlove forsa differenb degnee-of plug flove and bagk amiing, largely
decene-1, substituted olefins, such as styrene, paranethylstyrene,
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such as cycl opentene, cyclohexene, cyclohexadi ene, etc., norborene, and the

l'i ke. 10&BtudnyApetigseeactat castadalcahyists 6ARASI08 mdren@hyitRs cahméctéd én
nmononers di scl osed can be used if the catalyst is sufficiently active under
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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



- 30 - metal -centered, heteroaryl |igand catal yst conpounds are descri bed
in detail in PCT Patent Publications Nos., WD 02/38628, WO 03/ 040095 (pages
21 to -51)WowmaR620201 (pages 31 to 65), WO 03/040233 PpAGL3002803283 52), WO
03/ 040442 (pages 21 to 54), WO 2006/38628, and U.S. Patent Application
Serial No. 11/714,546, each of which is herein incorporated by reference.

[ 0081] The cat al yst conpounds descri bed herein are conbined wth activators

f A ' f d i nat f ts that
 nor case UTefeY e W 165ahs 0GR S RorgiRr Bete TedhiGRg 1™
MONONEI S ratfdddVed 20U I NS. An actlvator can also affect the nol ecul ar

wei ght, degree of branching, cononomer content, or other properties of the
polymer. Non-limting exenplary classes of activators include al um noxane

and al urri[(msm[]al KRbach6it iryidisthat phiR HuEOElEVES Withefudutar reABtord Bhk ialdb serve
activators 0082] The catal yst conpounds described herein include a support

mat er i al iprembxodiinents Bérthexmvehtiont hén ssuehoinstancesc thealapsiclaenppieatly
and/ or one or nq,&owg L“vators can be deposited on, cont acted w th,
vapori ze8 %F’fi?ﬁ HHrTgactgry or %F‘H@rtﬁp%sdo QQ‘\’FCNS Sﬁﬁloﬁeﬁé@t‘éﬁra&b%ﬁfﬁed in,

or on, L er 0 e s any
of the cBaDct Bide™ <BRBEkMRln cdaC Fsspind Falt e HBREleh, BF Bl 2
i's a por gatalyst HAAIdr F&fd%bﬁ]l ntfifs 8X3BVeEl PR, m AR 3R Ga v i 24@S nitfhe

i norgani ¢ chl orides. O her support material's include resinous support

mat er i al patigularhsalpong ke fubenlengthunct i onal i zed or cross-1inked organic
supports, such as polystyrene divinyl benzene polyolefins or polymeric
conpounds, zeolites, clays, or any other organic or inhorganic support

mat eri al [0098]t hdni ibogh @utOﬁiamear eadt hehwar 1eac®ay, Catpnjiection, hdeedse e oy

| puri ti es fg\gahpyoggoﬂtﬁs{o ntar %mblenc etnall}l) r%%ur%ror below to provide maximum
cooling and thus maximum polymer production within the limits of maximum
operating temperature. In autoclave operation, a preheater operates at startup, but
not after the reaction reaches steady state 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.



referred to as scavengers by one skilled in the art of polynerization.

I npurities can harmcatal ysts by reducing their activity. Scavengers can be
opt i onal I¥YOR8@/12627 he reactor(s) of the process discl os®GTRES2EOM22CGAHt al ytic
activity can be defined WD 2009/ 1262Z&/PCT/ US2009/ 002203 - 31 - nmany

di fferent ways.. For exanple, catalytic activity can be expressed as

t ur nover frequency I .e., the nunber of noles of nononers converted to the
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for use solvehs, ﬂ)lﬂ(ecbcsmes dtcﬂnémeﬁtcheﬂ"herteﬁmrélere dn fthizr eedset Bhouldabe
conmpound(s) from t he catal yst activator. Non-limting exenplary scavengers
i ncl ude HiakgtRingd ghoygrthe aB produst’n caxstaﬂiznrﬁonpmlaq bt therpressure CAY |
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i ncl ude, ut are not“limt oxanes, such as net a um noxane.

The scavengéig eateral Bige bquimltebydlémfkahmhmhérea@tr@dyc\matbtHbereﬁemmeithf eed
or with ani'qot her feed stream In one particul ar enbodi nent, the scavenger

i s i ntrodudiguid pwmping nyyistemar indeadi of nthef dwermmmcmmgeeqmmd
honogeneo i ssol ved n the ri zation nerizatio or can
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di ssol vef, dnnfdi iy tFhliod dh' BE l§c¥tﬁheﬁ%lymer phase that will result in a much

lower polymerization rate. This polymerization rate can 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.

[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.



[ 00861Wth regard to the polynerization system diluents and solvents are
those that are soluble in and inert to the nononer and any ot her

pol yner i 280i2609/12637ponent s at the pol yneri zati on tenper aPGIraS2eM0013PEssur es
used. Exenplary solvents/diluents for37use in the disclosure include one or

nore of C2-C24 al kanes, nore particularly propane, n-butane, i-butane,

n- pent ane, i-pentane, n-hexane, m xed hexanes, cycl opentane, cycl ohexane,
etc., si ri [ u n I

erbodi el R A G SnER Pkl BRI st coliBfon of, e
| sobut anghesé $8RLHEsANCop- StoreAft QSADNRF thd BmbBARNEML ¥ the A Pentidie
diluent is recycl abl e. 2009/ 126277PCT/ US2009/ 002203 - 32 -

[ 0087 1ExbHisrgactot tyepet, snahemer anfensiandpaiym€id bRits coptinadhislpsat diffefehtt o
C100 isoparaffins, or C4 to C25 isoparaffins, or C4 to C20 isoparaffins.
By i sopaP@ifts along thedaep: whilewameinghina pump cortinoushs susulatss the qontents ky |

b hi | .at . i f h ffi in, .
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mol ecul eﬁnﬂawcabuhggiéke@?&nsaémcﬁwﬁb Qﬁldthg% . least three other

carbon atons or at st one side chain (1.e nol ecul e havi ng one or
nore tertiary or quaternary carbon atons), and preferably wherein the tota

nunber . of0098] bornageneralefeedo et témpéeratiires herer geﬂ&all?t neant® 4robefbw and
between 10 and 24 1 n another enbodinent, and from10 to 15 in yet another

enmbodi neambiev t¢roperaturesto provide aviolingrtodhe rexottiermis Iréadtioni inathleyrebetor
present. The i sogar affins can al so i ncl ude cg%l Oppfﬁr affins_ with branched

si de chaPREFatingaeYE e erysiallization tempseaitrg obthepalymes psedti n.  Pref er abl y,
the density (ASTM 4052, 15.6/15.6C) of these isoparaffins ranges from 0. 65

0.83 X i i..s + 40C. | . ef bly -50C | , th
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descri bed, one or nore reactors in series or in parallel, or a conbination

of seri efoandl0 pecahdselto GOamtimutes,naey filven USeskdondpno B eniantespior fesra 3®act or
effluent streans. The catal yst conpound and activator can be delivered as a
sol ut i orsesPnds te Y miuteserorsfepay 2 minpitasgot He misutesorln some embadimantsi ne

just prigor to the reactor, or,preactivated,.a nped as a tivated

sol ut | ont?'Srre?pﬁP?%/t‘Pbe F%bersgéﬁgfﬁoﬂﬁ%bxg%agr 58588?%&1’ c}nr}%g‘b{’ o> ?@I’ utions
act | vat egs i3y ahd'80 MANEE! PARAICAN haRiRufP i RhcB mbd'c8h bBYIRAPER eact of
operation, i n which nononer, conbnoners, catalyst/activator, scavenger, and
opt i onal 5,ntd]i ¥3,6305 G0 mindded Inogérienalotlsd ¥nibddimehiodbtheeidticAtiopchoBs&er i es
reactor operation, in which the above conponents are added to each of two
or nor e tesidenes imesrafdtemdl minutertoc) mimetes amars particutgrtind minutesntos¥) added
to the first reactor in the series. The catal yst conponent can al so be
added t "B -reactors, with one conponent being added to first reaction
and anot her conponent to other reactors.

[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.



WO 2009/ 126277PCT/ US2009/ 002203 -33 - 100891l n one or nore enbodi ments,

pol yneri zati on can occur in high-pressure reactors where, preferably, the
react or iWO0Ms126377i al |y inert to the polynerization reZETIWBAVHNIOhent s
and is able to withstand the high pré&8sures and tenperatures that occur
during the polynerization reaction. Such reactors are known as

hi gh- pressure reactors for purposes of this disclosure. Wthstandi ng these
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pol yneri zation reactions. Suitable reactors are selected from autocl ave,

punp- ar chandng different sdleailar eeighttanidastructurd] eapabilidesallows havideaariay s,
anong ot hers. [0090] Aut oc] ave reactors can be operated in batch or
cont i nucRkPrasieet compesiionse(est banogalodineer mixgd witly lemg shain brapehed).
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aut ocl aviajquted slomas thes eedcyg oflcomppneaden ofthe tapédiag WS ttie anorexreavtivef
typically less than 20 MPa, The maxi mum pressure of conmercial autoclaves

however , meaamicn st ieetediproferantiatyetlong thetibeniA aingla goneidaah backmiked er i al
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same pospdraldél @Gnoalfow tBe ugd @f Maildrihid By ratRein@! the Wonipshiddh B dieshrfebdied to
allow for faster intermxing of the feed conponents with the polynerization
system tha seeendreaetasf stirred tank reactors, the separate introduction of
the catal yst is possible. Such introduction prevents the possible formation
of hot S@Ota in_the unstirred feed zone between the m Xxi ngﬁn;)oi nt and the
stirred 98482bs When maultipls reactoiscaregisedathe prpdsictionr of pobma¢roblends dsig t he

195, S et RSHE eEBaRhRS. BBRR inebtha sBBD RN picBoL SEE S BT

contai n wiing @t Jexstdivid @e&Rbrs WOPAPARI 176 TRCTTHe2R0RPBRAAS s cAfld- 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.



injection positions. Additionally, in the |arger autoclaves, one or nore

| ateral fixing devices support the high-speed stirrer. These fixing devices
can al so wpwoael12631¢ aut ocl ave into two or nore zones. Mpxirag2dmoanee3 on t he
stirrer can differ fromzone to zone 3% allow for a different degree of
plug flow and back m xing, |largely independently, in the separate zones.
Two or nore autoclaves with one or nore zones can connect in series cascade
to incregge rcgsi den%e tingﬁ)or tto t ai or%sool /mer structure. A series reactor
cascade CHICE SEPFATOR NG DRWPSIeam HQreSMifinect ed i n series, in which the
ef f | uent pefA it HERANY upstreamreactor is fed to the next reactor
downstreamin the cascade. Besides the effluent of the upstreamreactor(s),
the feed of any reactor in the series cascade can be augnented wi th any
conbi nat {60103] arkd phasabf aoiRITetarbon! ot Yaixture oS Ry dRhriidms Buék akahycl ed
feed streans. Two or nore reactors can also be arranged in a parallel
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external coolihg and one or nore injection points along the (iu%ul ar)
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points for nononers (such as pro?yl ene), one or nore, conpnoner, catalyst,
or ni xt uMBY aftineresimply bertghtmed to anthéoflyid phaser i imissene isglesermingd for

i ncrease ner conversion.relative ta, apn autoclave, where the |.ow
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t hat haspfeudoedtitival pessste, wal | s during operation. Another way of
addressing wall deposits is to fabricate the tube with snooth, unpolished
internal surfaces. Tubular reactors can operate at pressures up to 300 MPa
and pref HI0d04) Pshen neixguries chang® theisphasedhyevistuenelf chibges in temperature,

2009/ 126277PCT/ US%,OOQ/ 002203 -35 - internal dia te%s usual ly | ess than 10
cm t hus B3P RRGEMPOSIN Mishateetald 40 cpess © 2818 @f.lef’po?b‘yéﬁr@%)ét or
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enbodi nmen e i nvention. such I nstances, ave prcally
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trains of a parallel reactor configuration. Such systens can have injection

of addi t thenhaliscbesuaé,ythte phaseobofindariesobptweant fluad aevbiqaid pbastss wil bde

aut ocl avgalﬁeﬁdﬂgllzlr-ﬁqgi?iré}ilafs%l l%lln%a?ile(s) r;%dt trrlgnstitl{ggs Io rt]grtﬁlr;ératures 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



[0093] I n both autoclaves and tubul ar reactors, at injection, feeds are
preferably cooled to near anbient tenperature or below to provide nmaxi num
cool i ng awo 200wm62vaxi mum pol ynmer production within the PCRUS2000/00228Xi num
operating tenperature. In autoclave oeration, a preheater operates at
startup, but not after the reaction reaches steady state if the first

m Xi ng zone has sone back-m xi ng characteristics. In tubular reactors, the

first i f ..doubl e-j acket ed bi i.s heat t t.h I d i
oper at caPRBRaHES 9t § <ol BRuY seIbands B agd REpERe e ly as”
I fl f L : i WolREAe=1 di-alnf

8i Il‘J 19 ereg eess.g)ﬁlllégatbtgg\#nh%tl ﬁizdgg%vlaﬁ{egg glvgghgﬁgaﬁlb I%)?adr ac?é?@\,ﬁef:ﬁla'yst

can be i Rpegugsoses dfhihistlatibn, diel chiid poadt! yurde oha pidadrpolpdichizatieh ong
the reactor. The catal yst feeds injected at the inlet and other injection
poi nt s coedbemtsdepigted inrFigufd €(kbar =l @kPa). of content, density,
concentration, etc. Choosing different catal yst feeds all ows pol yner design
tailoring. At the reactor outlet valve, the pressure drops to |evels bel ow

t hat whi (H185] t iRwise framdasiep detweem sotidsirand fthigdse(ie: epetweendsalids ardm

ti ) t ai I -ri h I = h .
Tho. aut olHuS o5 DehsEatols ek SUBRIoFEAL TRUIIcpRb s, phlieal Sedhad Bhg ¢ he
hi gh NEeF | j I ,
) Por hat P-RRRE RGP e HERY piask B%% HARI Bldsd BBl P L BLARK, -
pressur eflapd tSIMildeH@.liﬂ? PhEsS bberdAINsOFY be\Wa11RAAH iAW" [r Yolid2R$id§02203

-36 - [0094] At the reactor outlet valve, the pressure drops to begin the
separ at i transifiopo| Yreinghan goimt ramag tsotl drfibmidnfer ,sotid-liquid)rphase boendary hake

et hane, propane,, solvents, |ike hexanes, toluene, etc. The tenperature in
this vesBelre | 9 B& Sﬁiiﬂnﬂ‘é!idngﬂ spisrbiauid BansiHen tsmpgiatire  However,

o G ey s BRus setret 38 IR AER o ST SHPE R iG] bR G oLgn

that t hescﬂ[cﬂﬁéhﬁ{)%lfa@@ b%nﬁ@ﬂ@@,r@é}%n@ I BRlthet dRCtior 6P Md PHad@ERAngelhe
liquid recycle streamcan then be'recycled to the reactor with a liquid

punpi ng Ewstie for msiteay i.ef whea thy gdérectiomufedmee sharegpuisrfeoinf osolpd by étomy | ene
units. The relatively I ow pressure in this separator will reduce the

monomer & SRbErlidt méFure te eflnidyphase onarer pakes iquidaer wppercridical flui¢ a
ST A A e e T Y M
cat al yst of phhss cl')la?r%g;?eﬁufrbﬁfj a{olids-frb® RAGYBAL droRHd Aaid BrMBeRirfiival

pressure recycle en provision nmus 0 renove any potentia

cat al yst flpii)sphesef toom phase eonprisingropplidnphasech Wheanitrissheesssa®. go, by
the use of fixed bed adsorbents or by scavenging with an al um num al kyl .
10095] Al didferentiafe| hetwegn thess bud Bypespet drangitignsy theetesmst meltingr akdur e of
t he nononer, ot nononer bl end, but . wi t.hi n the non r/pol ynmer .t wo- e

Fogi on. <aptaTlza WAL Jifo btk T HenBelt: PRIt R0 RHESE 1HEUBdROa B o be
pr oduce j r Lghe 0 (HIP .

recycl egre%%&(l)\%gr%ggﬁglgggr&g?@z%ﬂiﬁeﬁagg%&%ﬂgp E)h%g%ﬁeﬁ%p ér}é?%%'neﬁgtﬁo t he
sucti on pirpobes skhindtiosutoamt trsclaimyiherbtd, sSoligfluid|(opsoliPRguid)adlso

operat! Olpe'ferred 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.



[ 0096] The polynmer fromthis internediate or high pressure vessel will then
go through anot her pressure reduction step to a | ow pressure separator. The
t enper at LWe 2069/2b373 vessel wi Il be maintai ned above thePpolusa®m9/o0nebi i ng
point so that the polynmer fromthis massel can be fed as a liquid directly
to an extruder or static mxer. The pressure in this vessel wll be kept

| ow by using a conpressor to recover the unreacted nononers, etc to the

condense ' stemreferenced above. WO
2009/ 126%%%58&%2203 -37 - [0097]In addition to autocl ave reactors,
tubul ar reactors, or a conbination of these reactors, |oop-type reactors

are usef Oli(,%;t hgsegggcqigganta%ot o, !Hl"eﬁé‘ﬁxjeﬂ{%gg' o E%l?lgé e%{l‘?&%ﬁéﬁpe%ng the

nmononer enters and pol'ymer exits’continuously ht “points al

| oop, whiiéterhddby iidkidd FulGAR! (1BHAYDiNt Frcksiltt Fh&ButdiRe MR Ht AN atidty FCt i on
liquid). The feed/product takeoff rates control total average residence

tinme. A cogéragrendiet givem\oesnpasiton aonixters, Usirgnthd expeadmentd] GAdklods
general, feed inlet_tenperatures are_generally near to or_ bel gw anbi ent

t enper at 8¢sssibed 18 JoViladimip Slivedra; & (parivkandr @i Rinteaknd. &ng, Fhere Resact or

operati ngo 8b548) 4627 °" 3k Prlasd HoudlahP WA A Hich & ot e A%GuaTh BF SEMS! -
(EOS) models to predict the thermodynamic and physical properties of the
individual phases, i.e. fluid, liquid, solid, and/or vapor over a range of temperature
and pressure. For the experimental work supporting the current disclosure, a
version of the Statistically Associating Fluid Theory (SAFT) EOS called SAFT]I
(H. Adidharma, M. Radosz, Ind. & Eng. Chem. Res. 37 (1998) 4453) has been
used for this purpose. Because phase separation experiments are run at high
temperatures and pressures, it is usually impractical to sample individual phases in
multi-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



[ 0099] The processes described herein can have residence tinmes as short as
0.5 seconds and as long as an hour. In sone enbodi nents, the residence

ti mes ar eVOROMVIZ27Seconds to 60 minutes, or from 15 sec8AAASRYWIBO22A3 nut es,
or from 30 seconds to 30 mnutes, or-42rrom2 mnutes to 30 mnutes. In sone
enmbodi nrents, the residence tinme can be selected from 10, 30, 45, 50
seconds, 1, 5, 10, 15, 20, 25, 30 and 60 mnutes. Practical maxinmm

resi denc ' | ec omb5. 10, 1 0 0 m nutes. J|n _general,
the. enboteRiATEE fGF TGurts & bt BheSsodko s Desleite toReritidly, & 4fiSUr e
60 ni ”Utl@i%bdﬁpé&vléaihtl?%ké“skbra?,@d? st R)r%iiﬂxf'éétzﬁscon[s%qgﬂngaaﬁn@, ng the
total quantity of polyrer that i's coflected during the reaction tinme by the
armount oWwhexerthesynehbd @dis tused e derstetdonpositidnls Fohaultixoomiporent haikeured he

mononer - t o- pol yner, conversion rate for_ the described processes can be as
hi gh as hgosompesiipR cisi designated dysa Sesies cxfappmposision| variablag) o wheesi 1y,

| ower conversiaons could be desirable. |n addition, for practical reasons,
for exanpl S?‘%Faﬁﬁ? §PmPogeptin t@Sé‘PlelfrenJBHBﬁgra l?‘é‘@’iycmé’ftuﬁ&rﬂ Wﬂﬁfecw i ons
may be Ji berr I . ! rates
of 80, 60"y 3 cquAsty dbile PROERRDOSHDN- X biherky, BEEbARRL AR ThRNR O
5-60, 10ofothe Lurfent @i8eloslire 19-HOnulti-ddmpdlemtO mitfird0 bul Sfof Oour2 Quftént or
30-40 percent conversion, preferably greater than 10, or greater than 20
per cent @RuRossssi@h. illugmaono/ thes2 7i3Pa USAt08lig021eB8 by 38onsidgdogothe | n

reactors with nul.tiple.injectjon points for catal yst and feed, there exists
t he possl?(\l,rymefl%a{%nt%‘?fi’fwﬁttﬂebf)cﬁ TyqBYXBRC BOEF“%PBdt%éh“gJﬁelo(Y‘ét al yst

havi ng di t Lgh L iLitie a wde
havi 1 dbILER.ERIE B0 LA hod e SRS ARRRI biduiCBe Rk, o
chai n brdumobepdlynidtecorentrdtion) €f wiStale! b{!ﬁ%’}%ﬂbiélﬂPlé}% pleaetotniddry at i os
for a given catalyst so a plug flow operation will allow conpositional

t aper i nglapictedbyi }l:"s:t atncenstantfR @slslepicted mp digurd Fctivan tthe fheddiquid phase

conpensation of the tapering if fhe re. reactive nononer is injected

pr ef ;ar eﬂﬁ I ALy %ﬂ’ﬁfﬁﬁs f‘gé : (Whlcgi ﬁg})‘é’v &’&férmﬁﬁg?%ﬁﬁemﬁ%?ﬂlsﬁﬁﬂ%éheave
react or ri.ng,. of. ition bu e yse o

mul tipl e%atkvé:lnﬁatvg flgxgblgﬁ% ggp i {c’%{‘gﬁéﬁ/%%{% of? %lgﬂ% ‘éﬁv%c? ves in
series qempRfathic! (vifibhald aisd heotaforly EalléPT R IR (&htidd Sdfution
conposition of fresh feed to the second reactor. [00102] When multiple

r eact or sl'emperatigd, or heCSA)duetistonatoh gmiogneatibh ecedled thepasisichl @olymeone

enbodi nment , hormpolglmar agﬁi,cogpl yner bl ends are made by using at |east two
r eact or SONRERHERUON c(Con) sebhiss binpdal herygol Whishs repiasanise the Hye-phgsene,

pol ybut 1 e ane, c.. In one_enbodi t, .the honopol yner
conpri sggﬁ ﬁ%ﬁ?g?@p§ﬁ§§%,%§% t?ﬁ é’ngé,’c'ﬁol hgggﬁ%,wﬁﬁ@n‘s@? ysé? eﬁgflsqon
anot her RyRye}aRién h&&ii&ﬂmeolium%qun?orﬂﬁhywmwlae%o-gﬁé‘secqa t4fEr §f coul d
be any two- or three-conponent conbinations of ethylene, propylene,

but ene- Imodemet-high et polgmer-rivixshesed., Feomnmdfiguie 5 sit s epygarenothao foredis;,

1, 5- hexadi ene, and 1, 7-octadi ene. |n _ another enbodi nent, the copolyners are
made fr @HYED tGmPeGysnard Fesiraavhish &F repmsserded byphepgpeiad linsuatede, 1,

hexene- tyren norbornene, 1, 5:hexadiepe, and 1, 7-octadiene, | et
anot her jtg?%ocﬂrﬁeﬁwo ¢ FHXQUEE o COmpOs|tons,, tbf’ﬂy?’éeneybr% léﬁlél,m With * the
propyl engianbRzsidn niX e thad Gh%quiki ith"€a y

et hyl enfréb-% b%'rlene- 1, et(ﬁgﬁﬂéne-ah{gggng?eqffhl%lﬁﬁ%oé}ﬁ@- g%‘?g%g{é ) céo%%log/ﬁr%?s.e
t he pol ynixturel esoaspesitton®ds i & maRM&EsricieacdtaposAmnadand Onke ObtHERr &
upstreamreactors are fed wwth a single nononer-containing feed, while the

f eed of pohamer-righreonapegiden (tese saoteomepasitionsyatendesigndted as ctandeboar f eed
stream

When

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,



WO 2009/ 126277PCT/ US2009/ 002203 - 39 - Product Separation and Downstream
Processi ng: PHASE BEHAVI OR [00103] The phase of a hydrocarbon, or m xture
of hydr ocaphlomgizéxzach as t he pol ynmeri zati on system or wPrh@/yseéogme203i ch or
nmononer -ri ch phases formng fromtheg4gal yneri zati on systemin the one or
nore separators of the disclosed processes, or any other m xtures

conpri sing nononers and polyners, is a key therm)dynamc property. A
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they are said to cross phase boundaries, which nay be represented as a

| ocus of b]adhﬁtgraplmlaak/eel)stmcttomnpeFagunees prissrscompdsitionam, othisiles ahel

curves a to.a mxtures of a given c osition. For purposes of this
di scl osu?ﬁgnggﬂebBH‘&@b R asempesibenaeen the upgnameririchuiaadppabeseryich pe

or essur ot i SumeRaRy B BhoPboriiRsd K0 arbPHBaG A ARy hiftdtie i o
transiti fPe-phE@ mPkiuPOSeEicRftehd ® ﬁ‘irﬁ{lé %%ﬁtmh@ﬁ's ﬁf&fr\ﬁﬁol% ek %ﬁaﬂo@t Ween
the single f?ormgeneous fluid and two fluid (flurd-fluld) ggases w |

cal led chmmphcﬂogyltwlmrem offtheatwitopbapes do dispersed| diﬂaplcts dhla:]wrmrmum
supercritjcal fluid) mxture crosses the cloud point is transforned
i nto tvvoo}b hepph %ﬁef flasiigrthg cxesschatgh %dware@dnﬂggutq 6nt§1e migpEREngsitat on

cl'oud poltiE: prbedMiolSmhihsi Bpba: erva Phmters AR prioBrBbatet ot -
whi oh, aihd FRLOBNINA! CWhe 12 BIYFiey RBENPANFin D ghye?rzrah%ﬁtmeglu%ﬂst e

becones turbid descri bed i'n Adivelra, Dari1va an

Pinto, |ischighagthaGheyn, thepolyifief-Zi0RG)hadé 3y cohtinupus, pogiesheh thhl;ﬁalylmeﬁl osure
and the clains thereto, the cloud point is neasured by shining a | aser
through ¢onsentsatien da thaxpobunerizatmr7mRNMSS (OWEDTRR0R Alge mqmnwtemelz ation

The onscbde” 1S APaRRhBuasdn, fndoRrbliEals of "t SRl ot VFBH‘la@ e
F
pol yhor | ot skt AACAgi B shigfe PHANTORRL Sk {RHCHS {he‘?”%@h il 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



[ 00105] Phase boundaries between solids and fluids (i.e., between solids
and |iquids or between solids and supercritical fluids) wll be called

sol i d-fl uwo 20ew126077i d- 1 i qui d, when the fluid phase is aPCirgiseap/opizase
boundaries. Crossing solid-fluid (or-4plid-liquid) phase boundaries will be
called solid-fluid (or solid-liquid) transitions. A single point on a
solid-fluid (or solid-liquid) phase boundary nmay be referred to as
solid-flyid;(or.solid-|iquid) transition t r at ) wever , ny of

i xt ur es Ael-oERGiEY SovantsSepasaica cMethal B Gy itanbRUEEAL SRR ui o
(or soli O [ dep JRgg0n the direction of the phase
change. gﬁghﬂghﬂgﬁﬂagﬁﬁyﬁggm?%%hqﬁﬁghgt%gggpfébtion of phase change is from
a solid or froma solid-fluid m xture to a fluid phase (one or nore liquid
or super pg0108¢al TR térth PRABAGMer M hises A “Bonciiét-£i8IE sBEAR” dré defihed
crystallization, i.e. when the direction of phase change is froma

sol i ds- f temeahw pghdsener siteamrthal concettrate theparonoiiars predenviin)a sitemne oro a
phase conprjsing a solid phase. Wien it _is necessary to differentiate

bet ween ﬁ%@@lepgvmsyrﬁ@m dh theaPspeasens Thenamanamer-righ tphageaid the phase

crystallizati,on wi || be used, ,and a.single.point o he,phase boundary w ||
b T efor AR of'the pRese? iecI Slite 21k ST b Pochfrola R BB o Bt Y

t enper at £S i r 1A §

Sl £ ek pEQenbi BR>éactlr bEin? i) SERLT Thelohihef kfthBridifEving
transiti tresplase stpueatod o€ thd yresentidiglssube lconmiha ey nidhongd ih e hipteect ed

pol ynerization nmediumin a cell onto a photocell and recordi r]g t he

t enper at aercepgratian gthasnthsye eseimspsent inhého meagtonfefflapntd i Speadtisally rthei ght
scattering indicati t he format| f a solid phase (crystallizatiopon), or
¢ the oftbaPsr T Sfkair Bec ab st Sfivy e Teenamr Pesed s cormpsdrindhe

di sappea : i ' ] hon,
ol  d 1 oapegialioR i mBHBREry BFyechl] mESMAHIDATGS By LLMEIERAET o of
bot h t heprifyabBl hi Least Q0%ARsbreE pidfogabily pededs3088 Wivrebrafetablie fate #st On
medi um are depicted in Figure 6. WO 2009/126277PCT/ US2009/ 002203 - 41 -
PHASE DE#YoTmiege, prodarably Ak lasst 60V arbrabodaalogosslye slsei teme pobimerkeisk

boundaries i g determ ned .by maki .mul tiple cloud point pressure
Teasur eSS a0t s PoRTEyoh Temer drled 6 Hed Vo heshysBe rETOR Mk ur e,

using th i cyi hed . 1n.J I.m Lyel.ra; Dariva
and J. C@orﬁéﬁﬁéie@?ﬁ{ga bggghQPC&g%& €S, ngtr% 085 \é@%%?g%ﬁéﬁlel (C)E{lj%dary
data is prREsd. 0Thé polyifiefridRiphate ¢ e phase( fepatatoP ot prRsentediscloste

t her nodynam ¢ and physical properties of the individual phases, i.e. fluid,
| i qui d, fwléxdmplediacentptes the enoromersgbabvivere present i theardcior egdnrthe For

t he experi nent wor k supporting the current disc]osuyre, a version of the
Stati st Eactoy Bt at Thg manarperrrieh rsglreesmtqe)w@s{]% dibaggl separptor pf the

Adi dhar . .Res,. 37 453 n used
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t enper at gre8entan dtsPéfEReHE. €SpedifichBy Wi Bblymrmi¢iagikdiAhak @t $¥¥P1 6% Afdry1 dual
phases in multi-phase m xtures to determ ne their conposition or physical

proper t i pelynencpresand asheompaeidctoethepcampentratien aff thb godymien peesenb e theen
used in ljieu of directly neasured values in support of the_ current

di scl osueiluerhatthesxibat thereacioscpreferabbaleastQoraere, pseferatly atleast e

mat eri al ,pbgl ances fro ilaot plagis and cqn cial pl s_have been used to
val i dat e3@2ﬁﬁ?r%cgeg?ghﬁc?tle%§.@é n&?f%%ﬁ%’%@,{y §211§?§ %{‘a’i}%%ﬁel s of the

pol ymeri zation systens and |iquid-liquid separation systens described in US
6, 881,800 and US 7, 163,989, which include polyners, nononers, and catal ysts
somewhat SEPARATION the current disclosure, but which include relatively

| arge anounts of al kane solvents in the polynerization nedium and are

operated at |ower pressures than the current disclosure, have been verified
by t hese[0008F dihenene or anorsateasterseifBrnNOEsampEOIVRESHapressUri@dom] aPhase

boundaries of m xtures, such_as olymeri zati on pedi um may,_be icted as
t enper at INGMFALALE Rressute Isjgrﬂﬁé‘@?@%g’e&%‘f’ t eé‘iﬂ‘é‘fé’ﬁ!“‘cﬁ?ﬁ%‘gﬁ i gﬁls alibws

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)



m xture as illustrated in Figure 6, or alternatively, they nmay be depicted
as T,c WD 2009/ 126277PCT/ US2009/ 002203 -42 - diagrans for m xtures at
const ant woeseure7(as illustrated conceptually by the bipooaskooownzzes i n
Figure 5) or P,c diagrans for m xtureg-at constant tenperature, where the
synbol c is used to denote conposition. For multi-conponent m xtures the
conposition is designated by a series of conposition variables c, where i

refers t ch,conpanent.in the mxture, but fo bi ngry m xtur a.single
Var b oS08 e FRBARE b nic e (e s, stussPd eboviy Bl fagtor fipuch

pol ymer i gaib®Rrek be ¥t bEfIIE S;Sl’e?s‘iir?%f-ﬂo%, a T %}é yaf TGP ¢ the

m xture, but for our Current purposes of Illustration, there is no

general i pylynmtriﬁyphmhmmmFolﬁmerplehurmrahamithmpfcmism disclosed heteiar y

m xture of polymer and a single | ow nol ecul ar wei ght hydrocarbon, and the

conposi t iSotrigd pabirea yesseh knewnaasehhigh-prsssure sepanates ( erredito aman| f we
t ake, by]_ﬁ;ra,?y of exanple,. a Fhase boundary depi cted ;ﬁg%yat constant P as
depi ct ed 1> FCHATALOTS ARG SAPATALET |OF (NAPATAING YESI5lin SCRATRIF SMAX 5

curve (W i ! j

desi gna\t,\glgszge {6119:{51 g%gg%@@g}%ﬁ%ﬁfﬁg%&?%%ﬁ?%éggs tcf){b?? Z;r?%ael;égfrgrg g% whi ch
is al so trainzoal disclobédéh LS. Ratat Applidatioh 16! 60/8796, 1D8MiRIdaén DRocefibek CST)
exists at a concentration called the critical polyner concentration (cent).

Thi s bi n30a20Q6ur ve, which represents the two-phase (fluid-Iiquid) phase
boundary, is a |l ocus of points where the single phase pol ynerization nedi um
is in equilibriumwth a two-phase m xture of nononer-rich_and polyner-rich
phases. HMYAOE gthe polymeriricha phasenet tthet seraratery can vihent depopsionaby and
pressure ich.i.s represented by hori al line at T1,. there are two

et ar e EBNSERe 8 A Rk RERREE sardfin A it of bt sy ep s Rerie

medi um iaNgi b lejaRf | i+t xﬁ'ﬁ&ﬂb : '
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conposi t farth¢ tsbkspurpose 06 ppahicing adow voldtiki-gorathdng potymemnmhelt’emerihg gur e
5). The bottom part of Figure 5 illustrates a curve representing the

cheni cal thedirishing|extryder of statie MiX§Rry mi xture as a function of ¢ at a
tenperature equal to T1 (note that a simlar curve could be constructed for

all other,values of T). Note also that 41(c) = i(c"), since for two

it ur eol00 3l *Tn ang forsy b onREe Sohit csppapeian ekl sScxsie. meceenl . A
ot her valujisc6inCr @Rl GHE Yoty ABHLau P 2B0RAIAER FURST HR00RE00540° - 43
- assumes ot herval es, sfnce‘tfhese st her conpositions are not I'n

equi | i brpeiny bit theCpoRaterization §i3terh NiBhehl thélr¥fotof BEAwe RiNed0stRlane(s)

speci al points, where the first partial derivative of AR wth respect to
conposi t arsriransfereedinta a/grayithetric Epararthr,swheretthe pressuno tyaldowed ¢o idrep i on

t hat defj nes the spi ,nodal undary, as is illystrated by the graphi.cal
const r ucPRIgH ¢ poydrroist. Adis agnfaserushy remltsotn fhigs emser B YERRTrieR|

boundary id ] e I~ r-Ii ases
ditrer SOreaeBRRROR o e ot e ridH b AREr REm e bt R BE Co

t wo- phasgppfeibtédeby hosehsKiRed $n itRe fa@t, M 8ars OpfieRAlly bRUSeceBI Y @b ad¥rdadé her

t han a norphol ogy Wwhere one of the two phases is dispersed as droplets in a

cont i nuuthedtenipeeatordén thph gsavimetsc depatfacorcto peevieat ¢ie domnation ffE golid 5,
the m xture tends to forma norphol ogy where one of the two phases i s
di sper sePolymes Rhase jas ik RALYIGE becpBies gRaEe conpranrated pldiey monosegicide r at i on

in the palynerization nmediuymis higher fhan c ..t ol yner-rich phase is
cont i nuo@’g{yr&ﬁﬁfWZRH%eelsp}ﬁmﬁ%‘?ar@‘%ﬁc 04 F%’rq tf’pfﬁ?ﬁ a%%ﬁsﬁ%t?’fég?%ﬂr medi um
is | ower ; ey ok i; I rgb(ygﬁ

enbodi rreer:lf'éﬂs%g?c %ﬁm(gﬂ?ﬁglﬁﬂ?ﬁ%ﬁeﬁ%&{" efsgélg;eng??gati nedngg\ll(ﬁ%?y%era single
phase f|stioh,assaCIST deyeri(DIB her dodlatézing extraider.( T, P, c) would place it in

t he single phase region outside the binodal boundary on Figure 5. The
process of spinodal deconposition refers to a process by which a rapid
change i [00dA&] t dhseregyclearuas thrasghua dowsprsssuse tsepatatommvieere Hbe tpressmoely nami ¢

state of ,the ,system across _both the bjnodal. and spi nadal goundarie to a
poi nt i rSREdE B BE IiERIRre-nReralyre relitionship SHsiiee Withipahe Frasier.vEof o
produci n desi  60- CONt 1 AUOMUS....ART Qo , Ad:he: L] t

Fher mody gle, PADATEAfIG° Bl B UarRR AL ARG adi i IF e Hndifphase o
and spi nodal boundaries (cross-hatched area of Figure 5) is short enough
that the undesired norphol ogy does not have sufficient tine to becone
establ i shed. The exact value of tine that satisfies this criteriumnust be
determ ned enpirically for each pol ynerization nedium Spinodal boundaries
may al so be depicted on phase di agranms which plot pressure vs. tenperature
at constant conposition, as illustrated in Figure 6. A full treatnent of




WO 2009/ 126277PCT/ US2009/ 002203 - 44 - "A Low Energy Sol vent Separation
Method", T. G Q@utowski et. al., Polynmer Engineering and Science, March
1983, v. W0,20M01262y7 [ 00108] The term "nononer-rich phaseCTras2téovomner-rich
streanf are defined to nean a phase -ar6 stream that concentrate the nononers
present in a stream or equi pnent upstreamin the process. The nononer-rich
phase in the phase separator of the present disclosure, for exanple,

coneen e SHCHRISY By HU00 St BRI M T SSEBA Tnhern e
present di;sdr AFHLENC Rk Qﬁeéxﬂ‘%se@%ﬁﬁé‘e?%et?d 'irggg% Iﬁk?\?%gﬁéiﬂé‘%ﬂé{aﬁ}r' PRséihan

they are present in the reactor y the nononer rich
st ream hohend tHeeprebsuk®%s dpoppatbnoadevelr 525 MRs laprpdoedr! i Whech case,
concentration of the nonomers present in the effluent at the exit of the
r eact or , therepdnesisybelow gaslorbpeints whilgrtht enendmenhas aat yeBlashehbof,

prefera ate last 40% mare, f er abl | east 50% nore. Anal qgously,
Phe ter nPAget sits Sandifionmat siodd e sriee o Radowzashaly dndeFRaetReD: moan a
phase orpel IR s sORSI8LHAYSSo G P HUTPPLREIIANI 15k fod [RRTSS.

equi pnent upstréamin e process. The’polymer-rich phase in thé’phase
separ at 084@fthdththepim@aefier Hdc (Rslyhirr-1E41) paRPhOUIE @BAHHealeSS thdif Onpnoner s
that were present in the reactor or in the reactor effluent. The

nmononer - wi%hofStove amoleedar megightep@yase awpbaat ardeosity lod appesdntatelysktBosur e
contains_the nogers in a higher concentration than they are present in
its eff IQténg/.ﬂquegﬁ‘Fi Ea&r@crr%& ﬂ%%WOPﬁdcges?’f@&Fﬁ(ﬂé% hgve, éa@finsltﬁo/mEmr e
pol yrer Y o the concentration of the polynmer present in
t he efflfﬁgggégﬁmgﬁe&%ﬁ&? e reactor, preferably at |east 20% nore,
preferably at |least 30 % nore, preferably ate | ast 40% nore, preferably at
| east 50 . I : f streans
may be d@grqggguﬁgzg E 1t t%{ Fl%é?%ﬁlggfa;?s eggtrgp ssd u @lg}%ﬁﬁﬁ@%nﬁry&be 1\;c\f t he
cl oud pogrehtepitieasar equalho $ MPafsee, trppliaats eovillabparapotrapigly; peahittingsiee f or
further purification and a nononer-rich phase (al so known as the

pol ymer -Teggeleppfathe) mopomesgyell phase ks woliguisl, rwitlhowr the) isswpof having the

2009/ 1261%2)215%{’-9% Ogﬁésgorze%gr% 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.



- 45 - and to the reactor effluent stream(s). As discussed above, the
reactor effluent m xed stream nay be heated before pressure | et-down. The
separ at i omoabowe27pol ynmer-ri ch phase and the pol yner - | e2aTalsa@e/002203 he
processes disclosed herein is carried7aut in a vessel known as a

hi gh- pressure separator (also referred to as an HPS, separator, gravinetric
separator or separator vessel). The separator may al so be used for bl ending
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at nosphesdoesding $ise hight @mpperatui® chould psint.of | i ght conponents, reactants and
ol i goners thereof, for the sole purpose of producing a | ow

vol atil e-containing polyner nelt entering the finishing extruder or static
m xer. [[©9117] lIn anethieor forni obnthee mawmenrisolsentarsepamatioandnde cycyode
processes depicted . in Figures 2-4, the polynerization_ is conducted herein
above t hRIOgewsGs Grpicteds By higeres ol vhrepolymrarization sisepondyrded atheondiieny

ef fluent, m.xed streams). are.transferred into a gravinetric sepasator,
wher o reeTpie e SRE ilinGy ittt BFE rG BEr Shrinind TR Ffis i 2 4
advant aggaysh¥%rices ibM Jedised : OB ol | PR PaALA W jFrom
t he Iigﬁ?“ear rr%tﬁgrreéﬁérrlé%% (po%}ﬁer- EatnIg %égg%r_e %@hganegglrg%prgﬁeg?gd by

t hose skddsired to droh@ne¢ tphdst separatidn wfalthy pudymeeerhamandt monveiegadeh t he

tenperature in the_%ravi metric separator to prevent the forpmation of a
sol i d pophases. phasither afhthep forynse hermin odessribed e tho meramer, efor example,

-rich l. - | Ls t.h ted .ed. to th
oo SRR TR LRty SR B el LR,
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the pressieved elgpbedenployedeo Ri¢dn uhe remapel of 6w melaul anwbight @olpmeng
within the reactor. For exanple, polynerization can be carried out under
agi t at i offomnrtheecylegirearpphase WO 2009/ 126277PCT/ US2009/ 002203

[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



- 46 - region in the reactor at 40-200 MPa and 95-180C. On exiting the
reactor, the reactor effluent m xed streamis discharged into a

| ow pr essSWPE0BE3637dt or vessel , where the pressure is dr 8opak2qu8/0e22pevel of
25 MEPa bar or |ower, in which case,-48he m xture is belowits cloud point,
whil e the nononmer has not yet flashed off Under such conditions, it would
be expected from Radosz et al., Ind. Eng. Chem Res. 1997, 36, 5520-5525
and Loos:. ‘A | d, Phase uil. . 158160 999, . 835- 6.t hat the
monorer - FVERGPRTioHhed BEASE, Mboteapigtrermbip sream; is sl Hoeb R Mebatfe | ow
mol ecul a[etW%ap‘Phé’éf@m%QﬁYe%nE}e é'sir)éaﬁnfina&ﬁéf’tﬁ 6id the Qeplarafloft 9/ M.

The pol yner-rich phase I"d be expected to have a density of approximtely

0.6 - 0. df g/solid] plyiryr phasevangsinghulinge $emsatior of thdpoppadr-richi phase

enough, for exanple, greater than or equal to 6 MPa/sec, the phases w ||

separ at eftoapthe polypesrniean iphgse e camiadcoet ivf a tvigssehdmonr as jachighrpressuie a
.ch phas
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devol at i hlcaRol orSsidiaky/ calcieme slardte Z e ctsicd andlguantigdof killing>aaent ®illf rom
LIST USA Inc., of Charlotte, North Carolina. The devolatilization is a

separ at i depgmdo s stheo re@pisemertsr domi ¢leay upl afi thes fecpolet lpropylent podyner

elim'nati(gﬁ the need fof, ste mstripgin ) V‘brki,P% ur]gl r | ow vacuu t he

pol ymer SUPORPBATS RisWEl ahithe: Prodyet qrapentieso il the killing, aggnt thagnlPWs t hen

transfer(,glqﬁﬁ%for further processing, such as pelletization. [00115] Any
y

| ow or ver W nol ecul ar wei ght pol ymer present in the nononer-rich

(pol yner-1 ean) phase to be recycled can optionally be renoved through

" knock- OW'IZQP'[ Alt&handa gtﬁ'@frﬂ%\?ﬁ@dih& depafdtfInScary6d gg{iﬁ g??rés‘?)g}esi\peltl he

return stream dependi ng Upon product requirenents an teady-state
concent r b¢loonthefcritival point solthatuhermosdgbt cpudentratioh randitherefore fchetipitpduct .
WO 2009/ 126277PCT/ US2009/ 002203_ -47 - [001161[ In solution reactor
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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



[00117] In another form of the nononer/solvent separation and recycle
processes depicted in Figures 2-4, polynerization is conducted at

condi t i orsOkzedsames17Me cl oud point, wi th the pol ynmer- nonomer/us2oo00nz03
transported to a gravinmetric separatigyn vessel, where the pressure could be
further lowered if desired to enhance phase separation of the polyner-rich
and nononer-rich phases. In either of the forns herein described, the
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and for the gravity Q&I ower critical solution tenperature (LCST) separator.
For r eactrb'leatlolp,ethatp ymerizatien my:tchum lqavnhgpﬂhaaé*ommmmned pdgsichizatiorgi on

for operation is just above the L por pr. e (VP urves The
optimal PEGFEIY éir\’EﬁR/Fquint‘t’rﬁ PTERAITS S \F&")‘Cf’f é’Yﬁbj'k?@HPgoﬂ% dhe ueacter
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nonomner - f)hé‘slé s@: PAaYiBR ves&AN ) THeSSRS e %t'd@@d"ﬂ &éﬂc@?&ﬂ&@y&kﬁ@eé ﬂletﬁl'@ssﬁﬁélc'f or
using a liquid punping system’instead of a hyper-conpressor, required for
convent i ohthe polyymdrigdtionemediura. tof 8ir28durd Heelowether clmudepmﬂaqxressueé ftd uent

streans g) e depr essurl zed to an internediate pressure significantly bel ow
the cl outPrBbi Avopphas §Lm@<turmi=@narlsmgsa sp@ﬂﬁéﬁlﬁt'rlﬁ Rivasg apdwmnqm@mglhase

for furt pu nd a hase.for r cl. ssion
back to biser eRtafefBly s JekePrfiiel FE the AR ERiof et BRHT if aBPTF JER:
streans

2009/ 1262 7%%%%%8%&0%%%%% e ol AT, 4R RSB tiol nedium. , The
react or pélymeeears phasenand pbhahadrible fphasesparesepamtéd withimnhy ifluid-1iyead ed
pol yner-1lean recycle streamin order to avoid the separation of a solid

pol ymer PiS6 Sepaiigtiongvessrl| b gravibpsattling mngdsthe ﬁép@f@t%pelymwepn #has¢rom
th | d_out hi gh-
separ at b TeRsdsd BRI eERofiod Sy St o, T e TBRar PG SrBeudnce ¢ e,

the catalyst activity may be killed by addition of a polar species such as

ter, i d
K11 ng L2831 e RELALS Ses| MRS gRRVALE ric SHa0e i, AR SUMeHEXd
propyl engediiin @ﬁﬁp isomtse@ﬁlewwn a@rémamyqd WChreBSRB Vel dw The loddsoikt | | 1 ng
agent has low volatility. [001 1] Alternatively, the internediate

separ at i pressiae and wlmmpataupﬁmeeﬂlembtaﬂaatwnt teenperature aif theipulymer t hat
t he nonoper concenﬁ&ratlon an 1¢| %rog(fore reactivity in the high-pr ssure
separ at o dvgntpgq:qﬁ Xrettyleasty] 0% caboxe e e stalliztionatemparayre con af

pol yIer | #ic ooy LRLS ¥RasRlafE BhoBSuie! P! MRy addeE ObOL § a' yst

deacti valing conpoun e avoi presum ng undesi 'ed ctions
occur i NeryB@lIHatibn Oten ek SuPE dbra ffether BN n@cﬁsl&ymﬁmﬁml tfenfﬁz:rgﬂukél ng
conpounds”are added then the killer Tefoval step nay be elimnated

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.



[ 00122] The nononer / solvent separation and recycle process for a
continuous solution polynerization process disclosed herein relates to a
process WO 200pe126270nom cal separation and recovery of treTaskgomw02263 om t he
| ower nol ecul ar wei ght conponents of-3the reaction nmediumfor a continuous
solution polynerization system One exenplary polynerization systemis
described in WO 2004/ 026921 and i ncl udes the steps of contacting, in a
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optional inert diluent or solfvent, at "a nperatu e ove the luid

transiti aboveethpe caysusléizafion hempelatory lofamaeolaolwﬁrﬁmloﬁnﬂxeatuxﬁ, Rhdsguse no
| ower than 10 MPa bel ow the cl oud point pressure of the polynerization

system apresswresaboyen theo glavda poirtieprevymre 0ad the @zvymemanmwdmmoér his49 -
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heati ng of the reactor effl uent stream The pressure’|l etdown device is

| ocat ed typicallyaat afrate 6f Qi MRa/spei or pioas & psefprabdy iGloMRadsaebr higherpriwsaur e
| et down devi ce p| dI% cfﬁdu es .the pressure of the polymeri Z%il on nmediumto
a pressuPESHEFo PWet ¢ Suau Rgipt pressyre of; the @P’fﬁrﬁelﬂﬁﬁl(ﬁhﬁ I AR
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phase and polyner-rich phases are separated within thefluid-lI1quid phase
separ at | msull exfSthie tapid) rratel ofy pesssute legdowang theh pobmpar lehn hmgopylyeier-deln phase
is recycled to the poI merization systemand to the reactor effluent
stream Paases3ye gasil Izioffe)ﬂ%#teﬂe‘ﬁﬁ ahahwtyﬁrérqmdcmhqéﬁammtm W@ssel by

| f h f. b|
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crystallization tenperature, or at |east 20C a ove t e crystall zatr

t enper at of the recyelt streast aind Gptibnakty hieating yomeadfl the awioopoly arapeean ms@cl@r if
the pol yner has no crystallization tenperature above 80C, preferably above
90C, pr eftEsaab| YPLORA) erem@} of ygsinae (hygdrogsre frsqr@ the ireeyale stesiantse raptional

et 1 Ran T e S RIS S S Bl i e e & 1
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in solution of nolt state ‘un ter-exiting e phase separation

vessel . polyaesirivdr pleaseofiomiethie, grabimetr Rssepagaton is Bizectedabad déwslatipatéén | east
one reactor if nmore than one reactor is in use) is between 7 and 100 MPa

hi gher t¥ystem Her phesemﬂ@alr af ang repraniag warepelcdenopemers as ather ¥olgile
pressure_ se aratto preferably 15 and 75 MPa and 25 and 50 MPa. WO
2009/ 1265 %Ff‘tﬁszoogl 002203 - 50 -

[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



100124] In one formof the process, the polynerization system which
preferably includes no inert solvent, produces a propylene-rich polyner at
a tenper WOrB0948B627& t he crystallization tenperature of PREUSNNWMEI2DFat i on
medi um and at a pressure above the -dloud poi nt pressure of the

pol yneri zati on nmedium This single-phase polynerization nediumis directed
with or without further heating to the pressure reducing device, which may

be a | et . The pressure,reduci ng devi ce rapidl es, th
pressur eg)géf/m[’ %ﬁ%@h&cﬁeﬂsiSglgﬂccfﬂl%gpf%ﬂmPglﬁpg £qﬁ¥rng{19ét19%{%6§? ?'2 APy} ec or
more (prgé edighisked iNPRIGTE Cddthil HAIBRY, )the! OffRiEHIE A RIAE| SFVddHOnTrO4Ad POI Nt
pressure of the polynerization nedi um ?an typically al so bel ow the

pr essur epalynidreis sguhieddl by adedatagtoudly tilizing thevel aithpeinti addisaliddhupd i si ng
a polyner-rich phase and a pol yner-| ean phase. As a direct result of the
rapi d r apkassfrejationships foe throvpievant olefin prwlefinig mixtarey 618 molyprophlepeases
are easily separat within the fluid-liguid phase separation vessel by
gravity B‘épty F‘?D‘ngo gﬂ@ﬂéf&“&ﬁi‘?&r’@} NoPy 3?t83%n5h%t§e"}‘§tuf%scycl ed to the
pol yneri zati on systemand to the reactor effluent stream which includes
splittin hg..r . oRnt.J I ' e

pol ynmer - (9226’ e§9c§§¥skﬁ%@1&%§g}0ﬂﬁ’§l %"ee?rl%@gf X%?ﬁé%%&hgdgy %ﬂ%ﬁéﬁ%ﬁ% he
recycl e pélyaifzationt h¥ddm’ d8AvEd ﬁBnﬁ@ﬁy' oW iRl QWrﬁériZ‘ﬁl(ﬁhtsyﬁﬁWﬁﬁ t hat
precipitates fromthe recycle streans, and/or optional drying of the
recycl e desceibed iovthe disdlsioc MO 204/07692 b ahtpnerpolymier{iéas phhso mnthe

gravinetric -separatqQr is directed to _a devol atization s?;stem for the
renoval PRIYEWy-idhaihaseg andr &ercthe sihseauend secayererof, dhat pelymesminént s.

100125] s icul ar, the_progesses diselo herei n ovi de_an.effective
pat ey SR Bioedt” pBi T TS st o e S lleEi AL PR dB niEnen <
of the plondeiicZRhn® RIIEEhY MaAMLr 'b%@h(%eth@;ﬁélg&elr&‘ﬂ’tiﬁﬁlrg‘é%ﬁrarYtP't&%e
conponents in a polymer-lean recycle stream fdor enbodi ments where the

pol yrrer i ratfooreffluenestream withuhkinimalp gesvessiags tixaeby | dchiexting othy nlwesat i on
process (such as in the paolynerization process of WO 2004/026921), and in
whi ch t hragdealnarvegmsay endipsrgfing gosts dong ¢ammmsrqinkimplemantiaien ohithe,

opti onal _conmpnoner s an WO 2@09/ 126277P /USZB%?/ 002203 - d51 - . exanmpl e of
whi ch i sPOEHEIRROnEE POLYBITEAERY I RIRESSSol P2 %‘hza(z“é;’ébﬁ}e. o QF‘PY"‘SE

di scussegy} j Jes ef t,&d : I .and

pol yrmor D Ao R PR BCAFRALPLLRT R D RGP

sol i d-flof d sihgleesuperatitieak fluid phaket be ar eve\phase dludli fluidr oo fleii d-iqaid

m xture; e.g. polypropyl ene-propyl ene, o ]

p?ﬂIj y g pr dp%mé?ﬂei ﬁtlﬂc?yhoghét)qlpmdp?/ hMeenghtet:mpe?@}ts afctheriquymefﬁatlon?oq®gm | ? one
enbodi ment o e invention, rocess for aratin ol yneri zation
redi um dBRY VERRARL iRy st UReaciesl yRORPETS o8 Shet BRRTEZAEoBr | Hod®h ¢ he
di scl os . 0; 6 i \ - é?ﬂ‘% . i ch
phase, ;%rﬁl(%{s@#@t ﬁghgﬁb%géﬂée&ntsg%‘%gg\%rdﬁé?ét etl%@f‘(;ﬁg? %n@%%@cﬁq :ﬂ;‘gti on
process, pélpthet Wonipshene ofcthe pilyieeizatbi Maedive® P 2oatdiA dtheeOB@gleal and

efficient manner back to the polymerization process and to the reactor
ef f | uentpdymsanomia blendiafatwer ot anerenpolymerset{sucic lisethasg diseldsedeit

practic i and operating.costs for a gomercial inplenentation of
Phe’ af or Wl RTBEY oL prai b EreEo ceasisth el BORHRR of SEq9aN ANSthPAIn
derived .5, Paleyaer | i.an _prace S S .Cr it i.d state,
and may Grrd i SrARE bARLNT oP T3y neri A o WBRHGH MEY predhfe 2

f1ui d-flreddciag ddvideltd h présbure BEMVe thel BRUMOYHIAP pREYIRY, biEheH crougpPRent s of
the pol yneri zation nmedi um nay contain only the unreacted nononers of the
pol yrer iaaid diu]l or peratialopapemzdtion ioficthedpoymémiean plidsecnesudting in the
concentration of up to 40 wt % and the pol yner conponent  of the

pol yrer i PEDabAN RfH GPrRAASE IRLXINES o idt losver densify) mopemgrgichophasepaBd® of two

or of or aun g RefibZ BE e A phat: GhT BRI SCHE Vo eskiidr il 87 T

pressur ef@il-dad ARIMIRY 1AL thd Pebsdlie’ réd i %ﬁsweeirﬁscydgfmydgemﬁfg to a
pressure bel ow the cloud point pressure, but 'high enough To avoid fi~ill or
partial devper desagnexhwith sufficieat gizertol pranidetadiciene $typidally moré¢ theanf aierat i on
of a two phase mixture - a | ower density nononer-rich phase, and a hi gher
density polyner-rich phase; (b) Transfer of the two phase fluid-fluid or
fluid-liquid mxture |eaving the pressure reducing device into a gravity
settling device designed with sufficient size to provide sufficient
(typically nore than one WD 2009/126277PCT/ US2009/ 002203



- 52 - mnute, preferably between 1 and 30 m nutes) residence tinme, nore
preferably between 1 and 15 minutes, to disengage and settle the two phases
into a t NOI2E8PER6Yonoer -ri ch phase) and a bottom | ayePCTASRYNHIN2203 ch
phase); (c) Transfer of the pol yner--rs2ch phase to a cascade of flash
vessels with ever-decreasing pressure to progressively renove remnai ni ng
nononers and sol vent fromthe polyner-rich phase. These vessels may be

Corut | or it BrERY peflraPi, Bha 0l FuBuiend SRR sa ol E1 BlelEBene o
the pol yp&ieehd) arﬁ?‘%%ﬂuﬁés,tt@%i%?ﬁg@'éhh%@ﬂleo@ﬁstﬁvdj%ﬁ@s@s|thot£’t(Sﬂ‘ﬁagS{

pol yneri zation feed systemand to reactor effluent streamwt

further @noweasi-nigh phassk antdepbottam luyem(ﬁbfyined-ﬂiyh Phaselli(op Toptsfonaf
steps, such as heating and pressurizing the polyner-|lean recycle stream 2)
rest ri ctihgpadpmertrichpphase de @i csseadecoiofiashhuesselsryidh evandeaecasiagnressirag t he

Cener at 5 BrogessSBESHEVE dEaiine REOREPRERATbFONERL Fivgp € PRI EDr
ffl t i i i | d
ertluen rgéaeeam @%Eéeﬁ%ﬁggfﬁg b gliak%f &%igkaﬁ&ﬂg’? ot Ui Gt ntQ)Pe B'f?l?eﬁ‘lggit?a ou

be nodi f}? based on't nci Irnrng’an optimal range en the

hi ghest Ipsss shélpelymes solutiofiolith &) hétingt medasA Ubaedass thdfesidua stolarilesi bl e
pressure (pressure where full or partial vaporization of the nmonomer-rich

phase oceantent. ofitike fpolymerno@l)f Reejdlerofinthel polyamdraleen tplasc| divettlyotmithe
pressure wi th the spinqdal boundar ressure, and then subsequen

Todi 1 cRIFETIZAHPR fe5r KRR Ay i yreasior ¢ ugak SHERE BROGRGbriEr

| oner t pi I r b R r i yie i gher .t han
o RckE PR sbuRdai RflgE BT PRGRASERSIC R SRR 8
phase) . Heuting HRNPRE&GFIANE the pesimét RAndetpdte strchff) )irestefctiaptdperating
pressure is to mnimze the totdl cost of product recovery and nononer-rich
phase r exonalitonsy stoe mptithilgranges, eandr 89 restsetinge thostompogitioduatf theovery
(more m)n(irrer ,to,flash,off),qlgut | ower the cost of nononer-rich phase

recycl e Rolymssizatigpmgdiumnidsslhg cost. WO 2009/ 126277PCT/ US2009/ 002203 - 53
- [00129] The use of spinodal deconposition for enhanci ng phase separation

doscr  vadt3pel oP iR sehirdiaRcLombodhd b BERRAHT Y RbriBe buReor
reduci ”Qnéi?i}ﬁg“(ﬁ‘,thé@e&%ﬂ égﬁgﬁp%% dEbgibaigddein of spinodal deconposition

is faster di Sengagenent o e two phases downstream of the pressure
reduci ng device, and thus savings in the investnent cost of the H PS

vessel . [00¢28] f PhasegepdratioR pressiir® tolileb® phoditied | ta38d IndtheopNiAEpal bED

phases is discussed in section below, as it relates to the separation

pr essur alefining rage opfimpah arengeldheswegn dhé fhaghest epassililel pressare ddlanid) hpaiht
claimed benefit being faster set{ling and savings in the inyestnent cost of
the HPS RIESUES, aﬂﬁgﬁh%]@é’%‘m ePeSIIf a ms,suweiyeqs&,w@yéyw ebvpAtiakam

Pr C’Cessi\pa?)orization 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.



[00130] In one enbodi ment of the invention, the polynerization is as
described in WO 2004/ 026921 (e.g. the pressure is above the cloud point
pressur e WOrRME635G| yneri zati on nedi un) and the pol ynmer PE€AUSAHWINEEDEIM i s
continuously transferred (preferably-54hout heating) to a pressure
reduci ng device (which may be a | etdown valve), where the pressure is
reduced bel ow the cloud point pressure (and preferably the tenperature is

kept abo tallli k ok Nt he lyngr . in t ol yneri.zation
ot umy . (0129 o A b SRl i tonhostihh ARy Ydianhite: B sEPialiol

pol ymer - vy 3sgind th@ikiRafoRle 'V bHRH GHE! sé a'féﬁ&hgﬁessuwl@a aRribean
transferred to a fluid-l1quid separation vessel (also referred to as a
phase sepbowad)i anmd the gate) of grbsiira refludtid?r dystheepfispareataducingdevive, as
gravinetric, separator, where the pmononer-rich (polyner-|ean) phase and
pol yrrer - puidineghelews dhhe benefitraf spinaslal dgeerposifion da fasier discagageament of

settling

SOt 10y B G SR SIS S 5o S8E Ul B4 HSERE RS jheoctor

pressur e SR i V C : i or ) ,
prefer abfﬁfnlggtg \%een %@gaggﬂl?% a,e%%f@rlg iffEfenie ) dehs %?}éﬁge%ﬂ%ﬁl%.
WO 2009/ [eab ZandPpdlyure0oh hases is distussddHiSkeSidiABA bW NasT EMRERSd WirEthE 00131]
I n enbodi ments of the current invention, the heating of the reactor

ef f | uent sepaxafibrs presawre. pét range off phase densiy yliferancd sldiselected withitheni zed
within the, constraiLnts inposed t he, phase di ggr.am for the po zation
e um - EBimed PebsibbopRBTCE serling Fh SiRgs i fuPREUMent Costl e dibs

ef fl uentvgg's?fed stream at the entrance to the pressure reduci ng device

(l etdown valve) is high enough to prevent a solid-liquid phase separation
from taking place upstreamof, or inside, the fluid-liquid phase separation
vessel . The efficient phase separation tenperature is also high enough such
t hat wheHighh®ressussieparatory Bdoyedd Systens sandibopmstsamePnoedssinglg devi ce

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

of the pol(ﬁgeri zation nmediuminto a nonoper-rich phase and a pol ynmer-rich
phase calftd8lr latone embadisnenif thedBention, dhp pelyenerizatian israspdgscribed
vapori zat i t oper - i ch phase. The | i.cabl e.gperating.r e of
enper at 1t SLOZGARARICEEE: s PreiREry SbRSe B 50T aimbpr ok A e
froma t 2 Pr; p‘ﬁﬁfs I ag : ri;zat. H&% m
(such asﬁgﬁg{e?%{elggeﬁﬁ ;é:?iggﬂl n Fi g&ge@ﬁ%ﬂgm&gﬁc%ﬁy Lg?f Iléetr(l:'P i:H%nxe lgt ream
nmay be afrarsferrop€priferablyatvithont hehtihg)ob 4 prespieseducingadiiice) GvhRhi ey
(letdown valve) that is O to 100C, or 5 to 50C, or 10 to 30C above m ni num
r equi r edbe adeidenuyalvehrwhereithe presspreaisaeduped belownthe] doud pointrpressure

om0 Rt L LS kLA, SRS bt SE 1
t t | b : ; f t
STV hr L SN SRR, PSSR BladdpleoElal T

pol ymer - foeniagioni e a frhoted dem&;tﬂcﬂpm@ﬁqﬁcw?mset &ed helesd denfy @ssHibRer-rich
preferably at |east 5C above the solid-fluid phase transition tenperature
of the pphasgewhidnaes thendransiented é@ ot flwid-laquidsepatationevasselcfadso referedr e,

nore preferabl at | east. 10C above . the solid-fluid phase tr ormation
point of o A apgh%?eﬁg%ﬁ?ﬁ? nYeﬁéebl |%U&Hr%igt&hoﬁr%mmﬁﬁaﬁmﬁ%?ﬁﬁ&ét%a

26837‘{;2%%@?&%@%@%@?&5 tﬁ@en{o%%%r%éﬂ e(ﬂoﬁym\é\glean) 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.



-55 - between 50 and 350C, or between 60 and 250C, or between 70 and 200C,
or between 80 and 180C, or between 90 and 160C, or between 100 and 140C.
SPI NODAL WeemHRsA7TI ON [ 00133] I n one of the enbodi nent £CHUSEHE/08220F ent

di scl osure, the pressure reducing devidce i s designed to drop the pressure
rapi dly enough, and to an optinmal pressure, via the process of spinodal
deconposition, which results in a phase norphol ogy of an interpenetrating

net wor k co-conti nuous norphol ogy), with

t he desi ?%§e€§§m&%ﬁ§§q Sfﬁé\igg‘mﬁww and nononer-rich (pol ynmer-Iean)
phases di sengage easily and settle rapidly in the fluid-liquid gravity
separati 148$s9h- i W tpat t4f very
sl ow di s nggg?nghaﬁﬁBngaﬁggtt ?ﬁ8%§P§Pﬁ?EQ% Mﬁ%ﬁ%ﬁer-ﬁ?@%g?ggﬁgﬁgé¥)ean)
and pol yeffluent ahixedasiesam Gpstecan®rofptiel pesssuRaletiewnddedcetis mfinimized
mononer-ri ch phase dispersed in a continuous polyner-rich phase, which

t ends t owathdmrthe sganstriaints vimeposetebp othgnphaseo deagrema fon the rpaljimetization
exceeds a critical value, d when tenperature and pressure in t hase
Sopar at | it cFor.¢EidtEt e siepamtnT. dhe (EHReEtNLr I e Ryt
fluid-1i gy i I . i ary as
11 ust r af bt S8RE S AierieR A8 propiibRERloiRg eVt RIAAT vl RITEET Y,
the curr aiph dndughttb Prevédian SN ITGhidCHIHEE REPAation fréinttARINRP HER upSBédneN
nediun1is@%igheg thgﬁ t he C(itigg? concent?ation descrigggiapovg (and
concept uef,| 9r iihsidss rthe efluidaliuiguphasy separations vessebe difivodiffieiont pltasei ze
the process of spinodal deconposition to avoid gravity settling problens.

In one eftRSMUAILCIeratEe &Hnlsedugh grevehsuach theh Wheadbis pressure ipesduced cal

pol ymer i I S ag. 1. ri i 0 9 he
Parelor BPRLCTheckRaRR, fEhe SelCPTRGRBIAES, hr e BEER et beab e
val ve) 1 ghérdViinepRcieRl sé%ﬁiﬁiorpbf &él\:{g?j;yﬁi‘é‘riib"tio%@diu% it oM MR EL rigRr €, or
6 MPaisec or nore. WD 2009/ 126277 US2009/ 002203 - 56 - PHASE SEPARATI ON
PRESSUREphaske (dhi34 [poll ymat-richnpicedic neamt scaifr dthe highr erought psessosute preveat
pressure _downstream of the pressure reducing device (I|etdown valveé%gnd
i nsi de t ARl o1 paial vapprzaeens ef sy maonansr-siel phase. s The | applisableopsaativg ow t he
cl oud pojint preessure.to ensure that fluid-1iquid. phase sepasation wl
Cake. bt abee R iERPEarbiks iR PEsnl e Byl Yedl Pl il BE ARl tRed"
NONONEr - £ | i ! i ;
monoer - TPhe RRABErak reRpEXAI (HiSe derddl brehe HBRRAEA KIS RSN i on
and seal anthe type depassdiie Figureh®). f The dedctouefflueha atixed gaeain mayvssaed i s
| ower than the spinodal boundary pressure. Wthin this pressure ran%e, i.e.
Ot he

bel ow t htemfsrafgemat theunlteaof the peessure reducingalevicerdetdapery valvesthat is @

nonomer - [ j (polLyner-l ean hase...an ,oper at.i n ressure can be chagsen that
will pr OEIQ&J'[EE) (greg nt8550 e@oﬂ%r@c% Sol-ﬁg Veppﬂggﬁfrgsrqqé’&? LERETARCE c%f '
punpi ng : } he nmononer-rich phase for recycle, but higher
pressuregﬁ%?ggmﬁgﬁﬁ%§ﬁ¥ gn?ate of phase di sengagenent and result in higher
density of the nononer-rich (polyner-Ilean) phase, which reduces the density
di f f er enfo®182} WeR rtopsidér@ion bf theRAficiRAP Phhsd k&thrafioh teMbet £ clRRARES,
thereby slowing the rate of settling in the fluid-liquid phase separation
vessel , thed prddessraoleithe r egmenti mgscloduae gean vies swirried novn et etlisodoltewtingf t he

di scl osure, the pressure dqownstream of the pressure reduci ng device
(1 et downterpegapresndln Aae g qsiénlsphﬁhmtm@rc@tma@fgt@emp&ri JHugatBiKed 5

opi nodal T dSr oo K, 3ol P Bhlse, Maslition® Rahperalfil . of e ORther ©
boundar ycoHtginfil Buid®reRitionCARtivi dYihe ! re¥&br phaRuid)HreRiraNg At RasNskT y

pressure. |In one enbodi ment, the pressure is no | ower than the vapor
pr essur eatfvertha aold-fluidphase tsamsitidneten) pephitase of tiee polyerert dmanainidy Midad above,
no |l ower than 1 MPa above, or no |ower than 10 MPa above the vapor Eéessure

of the nisAeier madiwm(gohy reactpe RFYSSPFfagRore| Prefaiablyeat &%b&p%@bmm _
Cpol yrror Saiids ol RBese’ naRSSFFALoR p Rt Yirhe’ hoaRee et Hipresdion, ' <"
| east 0. Refiuft tofhea}edrcl:?@ls r&strdd/ Me aRbtHRE érﬁﬁé&ing:ng, & lteRpeitutedst 0-6

g/m.. Density of the phaseS at any given pressure an




WO 2009/ 126277PCT/ US2009/ 002203 - 57 - tenperature is neasured by sinple
vol unetric nethods, for exanple by neasuring the weight of a phase with a
known volwoenodnexnot her enbodi nent, the pressure is inPChAISPIRS2203
separation vessel between 1 and 10 Ms,-or 2 and 40 Ma, or 5 and 30 M a,
or 7 and 20 MPa, or between 10 and 18 Ma. In another enbodi nent, the
gravinetric separation vessel operates at a pressure above 30 Ma, or above

50 M a, b 70 o~ 100135] At th tl et | ve,
arops. 1 oBHRGER ThEAelrGe PEACEREb R Aad o Bpiegn AR alir200°E, B esur e
CO- TONONBESyech MY 4kt 180°S o7 HRANEen 90 ARANGO°EObY BPkcen! 10PalPXa08s, tol uene,

etc. The tenperature in the separation vessel w e mai nt ai ned above the
pol ymer product's crystallization tenperature (or above 80C if the pol yner
product has no crystallization point) but the pressure may be bel ow t he
critical SBHﬂ@DAEﬂE@QMEQ&ITh@gH only be high enough that the nonomer, for
exanpl e propyl ene, can be condensed agai nst standard cooling water. The
liquid recycle streamcan then be recycled to the reactor with a liquid
punpi ng 83 ilnsoradiothe lesnbndimentofr tiss sugrene gisalesnre o thg qirgssung| ene

units. The, | pwe ressure in this separator will, reducg the npnoner
concent r BROUGHE SEWER1s destaned g drep ihe Rress Ul fapidlyienougisand 1q a1 SPHIE | over

P T BRSSP Rb R BB, SRRSO Y

| ow enou 0 bpera IS sys poi san or

“ki Il er"mokphdlogpteff wAt inkédpefetrating afbtvoskl dfe (il twibOpRaR¢e(lss Ratledoas in
the high pressure recycle) then provision nust be nade to renove any
pot ent i ato-cantihymts porpholeg)),owithhther éesirabdel resudpyhat rther paiimenrocheandt r eam

e.g. by the use of fixed bed adsorbents or by scavenging with _an_ al um num
al kyl . [mme]erﬂ%mpﬁmeﬁewepgwar BeRgREFesalY ﬁw@ ssgleoﬁ@lg i gber t he

ronomor/ BRI GRRHCT eBtviba SeBRASIER, velselo " BthoBCBleotbatibh Brceity ab

Serreglion. an econom € net hod

i f the pRirMiHEoni o 4 oe@eslawdueﬁga%qhgfana JlewasaaihghingttuRs 85 murdmalyieh hyl ene
(HPPE) plant. The recycl ed separati on vessel overhead may be cool ed and

dewaxed (polymer-tean)@ndgialymed-rich pheses weith anmofophvdoge thmtdmsydrophats esor .

Vo 2009/ r%%g%;léfgic/hupshza%g %/is(,)poe%éze%sin-g gor-ltinuous 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.



[00137] The polyner-rich phase fromthis separation vessel may then go

t hrough anot her pressure reduction step to a | ow pressure separator. The

t enper at WO 2809/12373 vessel will be maintai ned above thePpdIUsa¥/0p3203 i ng
point so that the polynmer fromthis \&ssel can be fed as a liquid directly
to an extruder or static mxer. The pressure in this vessel wll be kept

| ow by using a conpressor to recover the unreacted nononers, etc to a
condense i ER RECOVERY: [00138] The polyner-rich
phase @@@@Wéﬁmﬁﬁml ed devolatilization system which may
contain one or nore flash vessels, or |ow pressure separators (LPS), in
series, gﬁﬁ p i : c%eﬁl%i I e

devol ati zat :3 gﬁ ?5‘2%1%%1&&%?“?%‘2% e as@%}tnﬁwg%’ g%dgﬁegf‘g@?g(?\ﬂgs%aatnrl uder
or ot her ofltheopissureneddeing cds/icdidetdvsvia valve) andBnsidei the fiwd-liguidphakeed
fromLIST USA Inc., of Charlotte, North Carolina. The | ow pressure

separ at osepataibgl yessehisysaderied te badicdowtthealloyd pointguessunekd gnsurg thatva
internal jheat.ers, of the thin filmor faJling strand type. This

dovol aci fINSLlauR Phass Seasiation oH Tl Pkecalact o DUt Bisth e RotEhtp dihgboss ¢ | es
fromth i ' S ' el oy sses
such as. st reRire BFthe oh Otk ricRRASEI eyt Yifl o oYL B RiEp ROR PR B,
etc.) metheGRBhGIMer-¥ithGhae S Th @Bthe/@RBOFIMAEMTS, (oRNIASS r4pialphyséiSeparhfibPPi Ng
agents such as water or nitrogen, to further reduce the volatiles content
of the pad satlingdthe pdessutain thedflutdiiqpidophase sepatationheesteinsl losierdhan i zi ng
step and_ i s t,hea transferred on for_further, processing, such as

pel | eti Z&ei spingAal purdaiyngresspr. cf Bithinnthisceieesureatangecy@. eoedpw the

POLYMER- |LE X 1 n..0 di rents of the.gurrent disgl.osure,
one of t%%&@g %r%s%hrr gg?cﬁovgefﬁéa}%pqrsprregwg I %% eon}(mgmer-nch

pol yner i @3Ny Aer-fehnl Gimaﬁ‘é,tih B'PEEa@i%g, Pre8Gfie dandbd haded thag owill ?rd\&vt%sﬁérem In
recycl e equl pnent, “and al so to avoid consunption of costly utilities

i ncl udi npobeeddnogiceldi Highet passsutestrediute the€ds? 00 phiiiag oPConipsesoom 002203 -
59 - electricity, etc.) and cooling nedia (cooling water, brine, cooling
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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




HYDROGEN REMOVAL FROM MONOMER- RI CH RECYCLE STREAM [ 00140] Many of the
catal yst systens useful herein (such as those disclosed in WD 2004/ 026921)
produce sWI2P09%420631ft s of hydrogen as a byproduct of thePgdIUPAE0I09RDF on
reaction. Additionally, hydrogen may-3%- a reactor feed for the WO

2009/ 126277PCT/ US2009/ 002203 - 60 - pol ynerization process descri bed

herei n. Thus, in enbodi nents of the poI yrreri zation process where the
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t he conbined feed streamto the pol rization process, and in this
enbodi neMPa, e and3f mehm&%&ﬂ@mrﬂm&vnen 461 aneei 8 MPa.oin pnethess f eed

b d d t t x t hi hyd d further
or ocessi FGOBRTFE: {R¢ Eayime ﬁ°4eaevlsfoer SEEL APEBFL AD b S gRPYRS 30
requi r edyp o?%BBO@'SO‘MPdeﬂ?det APR18 aI gyrount of hydrogen in the pol ym_sr-l ean

recycle stréamis greater’ f amount of hydrogen desired in the
conbi ned feed streamto the polynerization process, and in this enbodi nent,

an addi t‘mals ”&ﬁﬂﬁ%&ct@? RtIERValve, ARAfEshifte [diSpLIPBESA thOsepRatch iofg the
pol yner-Tean phase. This additional treatnment step may conprise, but is not

restrictpolyner sndgirreacteduinonpiner.s tagaohbmsts, vinests] dikef eﬂmheprpmbpzme
towers, or. hydrqgenation beds. Treatnent for renpval of hydrogen pay be
appl i ed $QYvems, h%arpféL {ohuene, eie H@@y@m%atneeam ther separgtion vessekWikher e
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80°C if the polymer product has no crystallization point) but the pressure may be
below the critical point. The pressure need only be high enough that the
monomer, for example propylene, can be 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.



Pol ymer Products: [00141] The propyl ene-based pol yners produced by
processes disclosed herein may be of any structures including bl ock,

i near, r\@i2809/126374r, branched, and conbi nati ons of t heZ€T/UPR@IHP238Esses

di scl osed herein may produce pol ypro@g8l-ene and copol yners of pol ypropyl ene.
I n other enbodi nents, the processes disclosed herein may nmake crystalline
pol ymers. The processes di scl osed herein may nmake copol yners including from

90 to 99 1 its, 0 : %, pf ' its
0,00 ST Yl SAARKSNG, MBAS, OO, SR AGR, WSROIl heR 11T
0. 000 t othéod1Yoahothét ?Bé%_sﬁfé tredudtich aGEPNRARY 16 pr&sufe GRPafdoraNYTAE
C2-C20 a-olefins, diolefins (wwth one internal olefin) and their m xtures

t her eof temperstpec of tlialvegselovBl besnaintdingte abovey thenpolymerenelihg peint soe- 1,
hexene-1, heptene-1, 4-nethyl-I-pentene, 3-nethyl-I-pentene,

4- et hy that thepalymer. fremniyis Yessek sae be fed asen liquid diseethe to an exiraidener and
1- dodecepe,. Copol yhers of isotactic I opyl ene de.under honogeneous
condi t1 o80F FHEKShe bt RysseHts Bl he IsnEley BYfsing a somingssor t6

3- et hyl pepi, IRt &eng gﬂﬁn A grg ions: [00142]
The processegﬂaﬁies}@?%?ggd erel nénr{r’a{/% grg ucg@gggg‘;%'lh ne %a e S|¢€)ec'i))’|tlyrners t hat
are used in any known thernoplastic or el astonmer application. Exanples

i nclude uses in nolded parts, filns, tapes, sheets, tubing, hose, sheeting,
wi re andP@ENMERREGQVERYesi ves, shoesol es, bunpers, gaskets, bel |l ows,
films, fibers, elastic fibers, nonwvens, spunbonds, seal ants, surgical

gowns anﬂmqggi CaIlhedel\)%lgl(rar?ér-rich phase may be sent directly to a coupled
devolatilization system, which may contain one or more flash vessels, or low
pressure separators (LPS), in series, each operating at a successively lower
pressure, and the devolatization system may include as a final step a devolatizing
extruder or other devolatizing devices such as a LIST DTB, which may be
obtained from LIST USA Inc., of Charlotte, North Carolina. The low pressure
separator vessel(s) may operate adiabatically, or optionally may have internal
heaters of the thin film or falling strand type. This devolatilization is a separation
process to separate remaining volatiles from the final polymer, without resorting
to older, inefficient processes such as steam stripping. 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,



[ 00143] Applicants have attenpted to di sclose all enbodi nents and
applications of the disclosed subject matter that could be reasonably

f or eseen. WHIRMRNIE6277t her e may be unforeseeabl e, i nsubst aRCIrAIS2¢p9@PI2DE at i ons
that remain as equivalents. While th&é9resent disclosure has been descri bed
In conjunction with specific, exenplary enbodinents thereof, it is evident
that many alterations, nodifications, and variations will be apparent to
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maintain an economical catalyst productivity in the polymerization system, then
cooling of the one polymer-lean recycle stream for recycle to the reactors to the
polymerization feed temperature may be all that is required. One embodiment of
this type involves cooling of the one polymer-lean recycle stream for recycle to
the reactors to -40 to 100°C, or -20 to 90°C, or 0 to 90°C, or 20 to 90°C, or 50 to
90°C. Where removal of water or polar contaminants is required to maintain an
economical catalyst productivity in the polymerization system, then drying over
desiccant beds may be used, and the one polymer-lean recycle stream for recycle
to the 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



1. A nononer/solvent separation and recycle process for a continuous
honogenous pol yneri zati on process conpri sing: provi di ng one or nore
seri es orwvpap126377honogenous pol yneri zati on reactors yPETRISAYIHNR0Dr nore
hi gh- pressure dense fluid reactor effd0uent streans and a downstream
gravinetric separator fluidly connected to the one or nore reactors;
pressuri zing a polyner-lean streamfromthe gravinetric separator to forma

hi gh-pre YTer - r el e, S splitti

i gn- pr B rEerPAIE bEaR (EEYTOE SDRRE | Thos I eiiboRfoblf of the

pol yner - PG@%ér%ﬁ%hepﬁid&@rWhere the Hsec%geﬂ ﬁnﬁopftowmg RbbfbuRE Sl tRe

pol yner-1ean recycle streans to form™a héated hi gh-préssure pol yner-1|ean
recycl e polyeserization precesbj rthegp twil hisat @dahi gmopnes soft dydobgererinl d¢he
recycle streamw th the one or nore high-pressure _reactor_ effluent streans
to form BolEgrizatinngredivay stnd mashof dhischydnegen wilksemainy sathe polymgrassi ng

he h hi.ah- .eftl 1 xed h h a.
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recycl e amdunat p6lhydesgen added nteahe faombinet hieed pteaas $6 tBe polyméhigaiowcess
of claim 1, wherein when passing the heated high-pressure reactor effluent
m xed stP@&Ass headgin tthés perabedimaentet thgovireshalmakeuphefphydsegan ito theluced

to pass ]g&(;'rr{ecr)y\z%{ioﬁrli)}c)icggsl fgeocl uctainogetree ced ttlcj)r gor%ggr?seateb Of%?dt i recycled
hydrogen, and no further processing of the polymer-lean recycle stream to remove
hydrogen is required. In another embodiment, the amount of hydrogen in the
polymer-lean recycle stream is greater than the total amount of hydrogen desired
in the combined feed stream to the polymerization 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



3. The process of claim1, further conprising recycling the second

hi gh- pressure pol yner-|ean recycle streamback to the one or nore
honbogenowsopodymrez7i7zati on reactors. 4. The process of eCaiusedo/ondzes ei n t he
heati ng of the high-pressure pol yner-4dlean - 64 - recycle streamis done by
one or nore heat exchangers. 5. The process of claim1l, wherein the
pressuri zing of the polyner-lean streamfromthe gravinetric separator is

b i gh- | e. . 6. The. f.claim.l,
Furtnor _euslior DB B PR Eab SRt SrBorte prcimpptodBe ptFiet bf oY Auent
streans ﬁ}f@zgflﬂo%sf’rdi fifis Thath BENARGAASRENG RaCHER! MR Wrthe
heat ed hi gh-pressure” polyner-1ean recycle strea 7. The process of claim

1 furt heanpﬁéaﬁngllﬁeaﬂém tinehudeatethlylbhgh-Hut@ss U epeneant-0f efidehednt
m xed streamthrough a heat exchanger before passing throug‘r t he pressure
| et - downhepiene-1, 8.4-meshylr bpentenes cl3amethyl- F-penteae, codpmictiilgl-hexeney t he

heat ed high- pr ure reactor effluenf m xed streamthrou a, m xi ng device

posi t i oné'gnf)tg‘é'g'igh?xl‘?é‘epr et'é’ﬁ?eé‘e} et g'd{ﬁﬁe%l v¢ -undecene, SRl 21 doded ie.
Copolymers of isotactic polypropylene made under homogeneous conditions
include ethylene and C,;-C;, comonomers such as butene, 3-methylpentene,

hexene, 4-methylpentene, and octene.

Applications:

[00142] The processes disclosed herein may produce propylene based polymers
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



9. The process of claim8, wherein the mxing device is a static m xer or a
mechani cal agitation device. 10. The process of claim1, wherein the
pressure WO 280%302@ t hr ough the pressure | etdown val ve &CTAS2OB023P3 at

| east 6 MPa/sec. 11. The process of-62l-aim 1, wherein at | east one of the
one or nore series or parallel honogenous polynerization reactors produce
pol ypropyl ene honopol yner. 12. A nononer/sol vent separation and recycle

process, . ntinuous - nous .hoJ Fjizatio r S DLl Sin

b vt at ngtely BisGR s N IHERRERORE PR RIcE Bk et 18F SROLASERIGA Mac or
yi el di ngwhiih QichRESporSior] iRedeactor effluent streans and a
downstream gravinetric separator fluidly connected to the one or nore

reactors; - 65 - splitting a | ow pressure polyner-|ean stream from
the grav[0eus|c Whear@imeritalt towao lintivs phdsawneriegl Yipper |1aais rae yiddted
streans; heati ng one of the |.ow pressure polyner-|lean recycle streans

t o for m bemegnrangdsoitomrasysiovesr dishiy te any epper Emitars cantemplated.



passi ng the one or nore high-pressure reactor effluent streans

t hrough one or nore pressure | et-down valves to formone or nore

| ow- pressure reactor effluent streans; conbi ni ng the one or
nore | ow pressure reactor effluent stgeams with the heated

| ow- pressure polymer-|lean recycle streamto forma heated

| ow pressure reactor effluent m xed stream and passi ng the
heat ed | opf,Riessure reactor effluent m xed streamthrough the
gravinetric Séeparator to formthe polyner-1lean streamfor recycle and
a polynmer-rich streamfor further processing. 13. The process of

claim 12,, whergij I . i . e _reactor
ot 11 vent st r ed e SpPREDsBRRE el B atlEe Re IRES, MU o BTN Gl GRG1S
t he pressulwnérzatiedpoedss tanpadsg:t he | ower critical solution
tenperature phase.boundary. 14. The Br cess of CIS%£112, fluffier
conpri sing pr d2&UHNE PAGOLREre SEE ST PAR LEHIOMOSERITY PPERSHEg fpRstors

pol ymer - | gaRink@&Y 6t ﬁofet}ﬁg@?}el@@%dén@e B rOREr QEIERE RrcRRFRAEN @Y Pnstream
pol ymeri zati on reactors. 5. The process of claim 12, wherein the

heati ng ofratipetricogpasntes Buidly qopnsatasto (tegmercs eypet wagiorseam i s by one or
nore heat exc g 1 £, cl ai. , ner foh
conpri sing pa s%lgﬁzt?ﬁgea ﬁ%ﬁi gﬁgeé’gﬁt?%ﬁgﬁo?@ﬁ%eréﬁgg}ﬁ&éﬁe é%%%%ngof% ﬁéﬁ gh

gr avi net rpresssepabatadedanhegutpstiemsa; or nore recycl e punps before

splitting into the twg low pressyre pol ymer-lean recycle. streans.
17, The. or ocesBIBRs BB TS e peIHER CBHEETSY NG HHUEL WY T REPEREor
nore hi grpdpﬁﬁ@q%ﬁ-eﬁwgt%mgf fluent streans through one or nore heat
exchangers before conmbining with the heated | ow pressure pol yner-| ean
recycl e st r earheating 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 effiuent 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,
3. The process of claim 1, further comprising recycling the second high-pressure
polymer-lean recycle stream back to the one or more homogenous polymerization

reactors.

4, The process of claim 1, wherein the heating of the high-pressure polymer-lean



- 66 - 18. The process of claim 12, further conprising mxing the
heated | ow pressure reactor effluent m xed streamthrough a m xi ng
devi ce positioned before the gravinetric separator. 19. The process
of claim 18, wherein the mxing devicg,is a static mxer or a
mechani cal agitation device. 20. The process of claim12, wherein
the pressure is dropped through the one or nore pressure |et-down

val ves atredcledd@affis %nelb?%ﬁ: oPmVRA 3 €&ccharddys. The process of claim 12,
wherein at | east one of fhe one or nore series or parallel honpbgenous

pol ymeri zati on reactors produce pol ypropyl ene honopol yner. 22. A
e e BERRLA O AN L SENL Brob PR I poR BB NOHS o
honobgeneous polyrerizati on pfocess conpri sing: provn3|ng one or
nor e ser itbs gavinpgadadcpahton drpger@u smopohighprdsaat rapcle eacbar s yi el di ng
one or nore high-pressure reactor effluent streans and a downstream
gravinetric separator fluidly connected to the one or nore reactors;

pressurizg ng arhRkoteR oflcB@n 1S fur@eM dniRfidchR Akt BRI 81 1hors BRALHEQ et O
form a high-pressure polyner-1lean recycle stream splitting the
hi gh- pr eg8aster obitiopharcame dirovgicgne] os more beatrexarengersies o ghmgmmwﬂethe

pol ymer - |h%§-{éd Exfg(l\'lyp(}!esgur%&)%mﬂean 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.

11.  The process of claim 1, wherein at least one of the one or more series or parallel

homogenous polymerization reactors produce polypropylene homopolymer.

12. A monomer/solvent separation and recycle process for a continuous homogenous
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;



conbi ni ng one of the high-pressure polyner-|lean recycle streans with
the one or nore high-pressure reactor effluent streans to forma

hi gh- pressure reactor effluent m xed stream heating the

hi gh- pressure reactor effluent nixed_g§[ean1to form a heated

hi gh- pressure reactor effluent m xed Sstream passi ng the heated
hi gh- pressure reactor effluent m xed stream through a pressure

| et -down val vepligink@néwardigat Eﬁllyhl@vl&daﬁ%&hﬁ BomeREHAVinREdd ¥8hoRnted

stream and passi ng the heated | ow pressure reactor effluent

m xed st r@QRPVHEeaYR pehyacglenirervelcistegear ator to formthe

pol yner -1 ean S C A EJ =1 - B - for
further proce?selgng’. Je%rgtﬂe?ﬁécdgg%@ggg 0 9&%&? %ﬁ)%%%ﬂ\?\%%srtgifﬁmvﬁg%ﬁ&m
passi ng tlhe-jremtiegohingh-lgamessulestegact or ef fl uent m xed stream

t hrough the pressure | et-down valve, the pre Sure I s reduc t o pass
the | ower crithaeHRs ‘E‘BPEFE POROF e At e %{s% BBEFERRMY throsgh onpRg

process ahorelpddstird Zot-dowhtviRes ©ABRA bfd HOm6RINGIpkddtirt RRCEE@Rent streams;
hi gh- pressure pol yner-|ean recycle streamback to the one or nore

honobgenous polSPReHEIBGbE 6Re pletedpy-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.

14.  The process of claim 12, further comprising pressurizing and recycling the second
low-pressure polymer-lean recycle stream back to the one or more homogenous

polymerization reactors.

15.  The process of claim 12, wherein the heating of the low-pressure polymer-lean

recycle stream is by one or more heat exchangers.

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.



25. The process of claim 22, wherein the heating of the high-pressure
reactor effluent m xed streamis by one or nore heat exchangers. 26.
The process of claim 22, wherein the pressurizing of the pol yner-|ean
stream fromthe gravinetric separatoyéég by one or nore high-pressure
recycle punps. 27. The process of claim 22, further conprising
heating the one or nore high-pressure reactor effluent streans

through omne OrrHIPEcHeH clANANARGBESRRIRNG neQFRI RAteWldptdgire
hi gh- pressure polyner-| ean recycle stream 8. The process of claim

22, furt Hesctaehrans migd sirgdm greksh Hapeedvicgpopherssi hefore Bgeraimetric
effluentSg%?%grstrean1through a m xing device positioned before the
pressure own val ve. 29. The process of claim 28, wherein the

m xing device is a static m xer or a nmechanical agitation device.

30. The pr.ocess of claign 22, wherein the pressure is.dropped through
the pressiire TR RRAR AIVETAS Whngindhe PIbs fRIIS s RpAROEES 2 g -
31. The priasesscafacRitdnMedde. Wherein at | east one of the one or nore
series or paraIIeF

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 parallel

homogenous polymerization reactors produce polypropylene homopolymer.

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
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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.

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.



- 68 -

31.  The process of claim 22, wherein at least one of the one or more series or parallel

homogenous polymerization reactors produce polypropylene homopolymer.,





