MONOVER RECYCLE PROCESS FOR FLUI D PHASE | N- LI NE

BLENDI NG OF POLYMERS FI ELD OF THE | NVENTI ON [ 0001] The
wa08sedbogdi Scl osure relates to the field of pAEMIEI2008/002899
bl ending. It nore particularly relates to a nononer
recycl e process for in-line blending of

pol yol ef i n-based polyners in the fluid phase. Still

nore particularly, the present disclosure relates to a

simplified nmononer recycle process for polynerization
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Pol yner bl ends nay be nade by a variety of methods. A

flexi bl e but expensive off-Iine process of naking

HELDEOF THEINVIENTIGN i d pol ynmers as starting

materials, typically outside the pol ynerization

[8001Lss ¢ Fhe Pﬁ?%&é’i@l@%e pelajeseto tieefieldcofpolysmersblending. It

The polyner, bl end conponents are typically first, i
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POPFORIRAPSER T RaRef HAPTLAR plEe, SUTRRORHACagly, the presen

didctosliregeldtéete al sithplifidde maRimét teegeleOproeasLor polymerization

pol ymer bl end conponents are first nelt'ed and then

plargs daakinggetling polynéreblendslof dronsomilgmenandfcopbiymers in the

tﬁ.]i'ff. culties presented by nelt blending is the high .
idphass.y of nolten pol ymers, which makes bl ending of

two or nore polynmers difficult and often inperfect on

the nolecular level. In solution off-line blending,

BAEKGROUNDf t en pel l etized, polynmer blend conponents

are first dissolved in a suitable solvent to forma

[002)ner HRilymicoblermdsdmayere madedy aoragiepplofmethods. A flexible

solutions are.bl ended tqgether. After blending, .

bup, P{&P?%Vfbpgfﬁ'd%arwaw Saking pelimercblends ysessolichpolymers as
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p?légﬁﬁﬂeglgﬂf@oér’ﬁr?g%@st%l_sﬂi‘lﬁ:gﬂb%erbbﬁnﬂ TofpRRnts frettpiddlly first
melted or dissolved in a solvent and then blended. These processes are known

as melt-blending and off-line solution blending, respectively. In melt blending,
the solid, often pelletized or baled, polymer blend components are first melted
and then blended together in their molten state. One of the difficulties presented
by melt blending is the high viscosity of molten polymers, which makes
blending of two or more polymers difficult and often imperfect on the molecular
level. In solution off-line blending, the solid, often pelletized, polymer blend
components are first dissolved in a suitable solvent to form a polymer solution,
and then two or more polymer solutions are blended together. After blending,
solution blending requires the extraction of solvent from the blend and drying of
the blended polymer. Solution blending can overcome the viscosity issue
associated with melt blending, but is expensive due to the need for redissolving

the polymer blend components and due to the cost of solvent handling.



t he polyner bl end conponents and due to the cost of

sol vent handl i ng. [ 0003] The comon feature of both

wombg/1ddbandi ng and of f-1ine sol ution bl endi ng pcg/td28ds/002899

t he pol yner bl endi ng conponents are nmade in separate

pl ants and the solid pol ymers-2+hen are reprocessed

either in anolten or in a dissolved state to prepare

the final polymer blend. In fact, these off-1line
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0004] The di sadvantage of a separate polyolefin o
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Utilizing the series reactor configurati'on; pro
malderidiong integrited podymptizatien plant tikdireph.et béfore the recovery and
| yreri zation reactor itself when the effluent of the
Pglff‘rt ngg aiq wlidpelymeriblend epmpenentsr is fed into the
second reactor operating at different conditions wth
optionally different catal yst and nononer feed
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withlthermedt bieddingand offflins solatidndtendiflg peocdssés Rtakesated with
are bl ended in the second stage yielding a bl ended
thsoprii artomsgaed afelvling sobetiere biénding aaft polynSirshusing a series
rehERF! 8(r)nf?g%ria 1%n?on8tﬂszrn?gt | the series reactor configuration, product
blending may be accomplished in the solution polymerization reactor itself when
the effluent of the first solution polymerization reactor is fed into the second
reactor operating at different conditions with optionally different catalyst and
monomer feed composition.  Referring to the Atwo-stage series reactor
configuration of FIG. 1 (prior art), the two different polymers made in the first
and second reactor stages are blended in the second stage yielding a blended
polymer product leaving the second reactor. Such reactor series configuration
may be further expanded into more than a two-stage series configuration (three

or more reactors in series). Generally, a series of » reactors may produce a blend



may be further expanded into nore than a two-stage
series configuration (three or nore reactors in
woSR0s/89094 CGenerally, a series of n reactors npeTiRM08EB2899

a blendwith as many as n conponents or even nore

present in the effluent of thé-last reactor. Note that

in principle, nore than n conponents may be produced

and blended in n reactors by, for exanple, using nore

wittaas omenyc as al gorhponerty otteviehzhoge prosehpirettizoefluent of the last
operating at different conditions in one or nore

reacken: oNote thatra prénciple, meret than ancompenentsithay iexproguced and
{n e. downst ream reactor(s) . provi des good product

blhdeflGin” FARACIR oY ot xRS 8l meri e e psetalyst or by
H X ' . (. [ .stirrers, such

ulhieihg bl e SBHe Bpersfind. at STRERAR CEBis it ih Sl qumiGe reactors

ofiufibeseritls Péatdr eascadbOC eWhildNgiRn@die ithe Uddwhstream reactor(s)
control problens due to the close Coupling of the

prasadesogeod produst enisdrglepartinelady when s teactqre mt@efuipped with

di ffiﬁul,ti es in co rcial practice is ensuring proper
MIKBgIdeHECHmBmaneehanicd stisregs| sushy sesisstieaeton copfigueation and
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ndi ng di yrers

such as in the case of [ erent copo
most impottencdifficoltieblinrudmmgefiaiopraatice ¢ iRy propek bichd and
the nonomer streans are blended, there is no option
moypmes diafios dpadeliver reansistent blead rqua)ity.e Addidionahgomplications
costly nopaoner separations in the,.pgononer recycle ..
arl‘?ene‘gif{e't 0@65] ‘%‘FFE %‘8@%‘“‘6\?@ | Bavgq 4‘&3&’& W"c“l‘i’“i‘”ér icempositions,
afHeQN : L ed: i
PUFRGLRLy AHRASE) YoVt Q1AERAL Mindrfler BOSR, Sith 5B i fhe case of

blendingaditfesertasdpolyangrs dr idathe dase O bl@i‘ﬁlﬁﬁ% Rbh10 aRECRIPOBmers.
unlike in small-nol ecul e syntheses, reactor conditions

Simee ethai menamer sitegmsearst biengeddthere \is moeeptien fbedheio separate
pr oduct c?l end ratio, but also product properties

rePQYSeing GEYHIE TBPRAIPE RESUMORAMER SeREaHORS fibthe monomer

regga@qi&gnponents. For exanple, FIGS. 2 and 3 show how
reactor tenperature and pressure affect pol yner
properties of fundanental inportance, such as

nol ecul ar wei ght (MY and nel ting behavior.
[0005] The above-outlined issues with series reactor operations are

apparent to those skilled in the art of chemical engineering. These difficulties
are particularly significant in polymerization because unlike in small-molecule
syntheses, reactor conditions determine not only reactor productivities related to
product blend ratio, but also product properties related to controlling the quality
of the polymer blend components. For example, FIGS. 2 and 3 show how
reactor temperature and pressure affect polymer properties of fundamental
importance, such as molecular weight (MW) and melting behavior.
Surprisingly, we found that monomer conversion in the reactor also influences
these critical product attributes (see FIG. 4). Since in a series reactor cascade

the effluent of an upstream reactor flows into the next downstream member of



Surprisingly, we found that nononer conversion in the
reactor also influences these critical product

wodobg/idwgues (see FIG 4). Since in a series raaaygd2008/002899
cascade the effluent of an upstreamreactor flows into
t he next downstream nenber of-4-Athe reactor cascade,
the residence tinme, catalyst concentration, and
nononer conposition and thus nononer conversion in the
thio weadtoe zascades the residonte biengydgatslyed conckanenidantand afonomer
the operating conditions (particularly of the flow
cpmpositim and %up»smpaamer €QoVensionBicthe o vostreang redcerecannot be

oA PEeEPhderhlet i Seerdlig gondions Spariealatisna! the flow rate)
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configuration. Utimtely, this greatly reduces the

2ndiand bfuthermedpea thes centrdliabilitn flexibititys dmd thus tha usefulness
t o], casc and nmakes the bl end qual it
1
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react or arrangenment necessitates the installation of
bl endi ng vessel s increasing the cost of the process.
[0006]i sci cApplying parallepaeesiorssgan peencome the. disadersages related
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pamalith resctoriatangenicnd wecessititére the dhataRatigmtdOBlebiding vessels
.blend plant. [0007] One probl em associated with the =
increasing Hieseost rpfi the erocessdi Ag discdesedsinUy)iS. iPdtent Application No.

R R0 Blacon Lieimter 20 2006r ngiﬁhwwﬁﬁ%gefww inits
R -
td fpfedblend ajility iandaredubg ke Rapitalt &P BPEratin® costs associated

paral l el reactor trains.
with a combined polymerization and blend plant.

[0007] One problem associated with the fluid phase in-line blending
process utilizing two or more parallel reactor trains and the two or more high-
pressure separators fluidly connected to the two or more reactor trains
configured in parallel is that the polymerization processes do not convert 100%
of the feed monomers in a single pass through the parallel reactor trains.
Because the monomers are of high value, the unconverted monomer streams are
typically recovered by separating them from the polymeric products and
recycled back to the polymerization reactor bank. However, when the

monomer-rich phase from a high-pressure separator contains two or more



Because the nononers are of high value, the

unconverted nononer streans are typically recovered by
wosRpsbdsng them fromthe polymeric products aied/us2008/002899
recycl ed back to the polynerization reactor bank.

However, when the nononer-rich’phase froma

hi gh- pressure separator contains two or noredifferent
mononers, separation and recycle becone nore
difigrentngiongmers, separiation and precytleubacomehaioré hehallenging and
rmncirrer- ich phase froma high pressure separator
CORIsXnsIn partiqulare when, the meeremer-rishnpliasenfram a high pressure
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MY IHER1Z 0O RVeslo el inrinaten Sucht Gx¥pensive cmobomert beparations in the

monomer recycle train of in-line blending processes.

[0008] There are a variety of possible options for recovering and recycling
the monomers. One option, outside the scope of the present disclosure, recovers
the monomers in separate trains that do not contact each other and combine the
monomer and comonomer streams before, during, or after the monomer
separation from the polymers. The monomer and comonomer streams are kept
separate and may be recycled to their corresponding polymerization reactor
trains without concerns about contaminating the feed of the homopolymerization

train by the comonomer of the copolymerization train. While this option



nmononer and conononer streans before, during, or after

t he nononer separation fromthe polyners. The nononer
wodads/fopnomer streans are kept separate and my/2008/002899
recycled to their correspondi ng pol ynerization reactor
trains w thout concerns about-é&ontam nating the feed

of the honopol ynerization train by the conononer of

the copol ynerization train. Wile this
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5 depicts the process flow di agram of another pri
art nononer recycle process used in conjunction with

[.d phase in-1jne blending of polyners. Referring to
lﬁ%@l 5, tREGy endepictsftheypracess 1lowndiagramf ofnanatker \poior art
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mai nt ain, and thus desirable. [0010] Besides
rafe paihe approphisterteastur traiofg)oridavever, ds alsb dppliesen complex and
expensive monomer separation train. A recycle process that can operate without
the full recovery of each individual monomer components would be cost

advantaged, simpler to operate and maintain, and thus desirable.

[0010] Besides separating the monomer components present in the
monomer recycle stream emerging from the separator-blender, heavier
impurities, such as solvents used in the catalyst feed, oligomeric side products,
excess catalyst Killer(s), etc. need to be separated and purged from the monomer
recycle stream in order to prevent their buildup in the reactor trains. Again,

referring to FIG. 5, separation tower (1) separates the combined monomer-



nmononer recycle streamenerging fromthe

separ ator- bl ender, heavier inpurities, such as
woRbyaPbe used in the catal yst feed, oligoneripge$is608/002899

products, excess catalyst killer(s), etc. need to be

separated and purged fromthe-tononer recycle stream

in order to prevent their buildup in the reactor

trains. Again, referring to FIG 5, separation tower
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SUMMARY

[0011] Provided is a monomer recycling process for use with the fluid

phase in-line blending of polymers.

[0012] One aspect of the present disclosure relates to an advantageous
monomer recycle process for use with fluid phase in-line blending of polymers
comprising: (a) providing two or more reactor trains configured in parallel and
two or more high-pressure separators downstream fluidly connected to the two
or more reactor trains configured in parallel; (b) contacting in the two or more

reactor trains configured in parallel 1) olefin monomers having two or more



nmononer recycle process for use with fluid phase

in-line blending of polyners conprising: (a) providing

WO 20s/ood¥or € reactor trains configured in pargdmals2eastozseo

two or nore high-pressure separators downstream

fluidly connected to the two ©%- nore reactor trains

configured in parallel; (b) contacting in the two or

nore reactor trains configured in parallel 1) olefin

ombenrestemsaVi)nont Wor Ghofd 'catdy o 9?’@&1@15,‘5 3)2bpA6KalObne or more

nore catal yst systens, 3) optional one or nore
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e .diluents or solvents, wherein at
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scavenger present
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cat al yst™ precursor one or nore tirvators, "a

caplysirsysieyn faneachr readtoe tefh @oytgirises PBE drSnofecdathiBspR@ursors,
an unreduced reactor effluent including a honbgenous

ONEUPT TPAkSs @CHYlPRS T amb reptionatlyx tance of nmere feaalysil sapports; (c)
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tralns I ne a second gr eactor trarns,

théd parallel réuctowirhios dofineoan dirsy (§roﬁlﬂ) G Ig éfMeatRRdrdTR9 aAB fanother
pools for d (N(Gl)g’ & (N and for the conbined
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tiRies e YR her PETOBOmSS (Db b 4 mOBaEler pools for G1
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CRPOTN0 02, R G2, abd £BF it ST Secl) BB BlolBf G yand G2
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separators, nalnt aini ng the tenperat'ure and pressure

and whereinthedfoed atorromer podlinpack seactorseniar ot G2 aréliey same; (d)
pggs?ngs (t)lllel Sr-lrfetigclzedd reactor effluents from one or more of the G1 reactor trains
through one or more high-pressure separators, maintaining the temperature and
pressure within the one or more high-pressure separators above the solid-fluid
phase transition point but below the cloud point pressure and temperature to
form fluid-fluid two-phase systems in each of the one or more high-pressure
separators with each two-phase system comprising a polymer-enriched phase
and a monomer-rich phase, and separating the monomer-rich phase from the
polymer-enriched phase in each of the one or more high-pressure separators to

form one or more separated monomer-rich phases and one or more polymer-

enriched phases; (e) passing the one or more polymer-enriched phases from the



phase transition point but bel ow the cloud point

pressure and tenperature to formfluid-fluid two-phase
WOSH084/f03Bo4i N each of the one or nore high-pressggus2008/002899
separators with each two-phase system conprising a

pol ynmer - enri ched phase and a +fononer-rich phase, and
separating the nononer-rich phase fromthe

pol ymer - enri ched phase in each of the one or nore

dniegir- Moes highe prspareadepatatbs 6O(), AR udkedived rRAORE ¥ffdents of
mononer -rich phases and one or nore pol ymerenriched
Ghaegkpassing thyaugh the ohe opmeorsrhighrpregsoirg separators ofi €, and the

h fromtheghe or re high-pressure separators of
PEREERY FeRfl btk e &7 TEatio Ghines ThoRe 2985 high-
r hieh- S e of S .
PR LRGP oS LSS o RRBLILEY ScBhrsions (0
maiaGimhgt (R 1Empbraduieh afdOpRasurel WIHiRSHE AndARA" Righlpressure
for product bl ending and product-feed separation; (T)
separatosiafi (ay abowve tharpelidiflnid phast parsition goint butnbélber the cloud

th hi gh- separat or of (e). above the
ngﬁi @%ﬁswlfeg ifﬁggégigegﬁ@rg i Bh ta pfluidsBpigly tyepbassudystem

Lot . . f fl ui d-flui
PPt o S uRPAidIE T RENd o Phfse, e Renotickineyitese: (o
e RO e mP RPN e gl in e
anotheh dhighpréssuredisghamtas fr @) sepdomh o flyfmer-rich bRind and a

a pol grrer-ri ch bl end and a separated nononer-rich
seReEaled mpnameryhch nphasee dne regyalinge thepanat exd more separated

SRR rigH EasRR AR T8 € o b g Peacibrtlitas ok £ and () recycling
tHERBARNed h%oﬁf%f%?c,ﬁf%sg% %f‘e(g) 28608 br TIE ﬁé&g& fins of G2.

trains of Q&2. aspect res
di scl osure relates to an advant ageous nononer recycle

rocess for use with fluid phase in-line blending of
B} ner s Annthen aspegt of e prasentidisglosure wlatew te aneslvantageous

P 5 45 i BRSSP AR aonmer
BT QARG 10 S 00 i pratr nd.s

highsiregure separatoardaiwsireain ARy BoAREREE kS tHEHI 81 e reactor
or nore carbon atons, 2; one or nore catalyst systens,
tragns gonfigured omepasallelb(b) contastingris, the) twptdromake reactor trains

configured in parallel 1) olefin monomers having two or more carbon atoms, 2)

one or more catalyst systems, 3) optional one or more comonomers, 4) optional
one or more scavengers, and 5) optional one or more diluents or solvents,
wherein at least one of the reactor trains configured in parallel is at a temperature
above the solid-fluid phase-transition temperature of the polymerization system
and a pressure no lower than 10 MPa below the cloud point pressure of the
polymerization system and less than 1500 MPa,wherein the polymerization
system for each reactor train is in its dense fluid state and comprises the olefin
monomers, any comonomer present, any diluent or solvent present, any

scavenger present, and the polymer product, and wherein the catalyst system for



one or nore scavengers, and 5) optional one or nore
di l uents or solvents, wherein at |east one of the

wO R8gioost rai ns configured in parallel is at a&cT/Us2008/002899
tenperature above the solid-fluid phase-transition
tenperature of the polynerizatl?on system and a
pressure no | ower than 10 MPa bel ow t he cl oud poi nt
pressure of the polynerization systemand | ess than

a8k OrehBtar winaine comiphisep adnomer | mate @atalystt pracuedorsaehe or more
reactor trainis inits dense fluid state and

agHmplors eand: pptienalty, roneoeio mare catalystcsppotise (c)pfarng a reactor

egﬁ‘éﬂfqh@c@b‘i'%@?wem CF()){I u%gﬁ@%’en Sféggrg%ngrgfesre%xture in
eddP :f%y Pallelr Ra6dor tean! %hetréﬁ’l' Bné %'F%bfee JfHE Sﬁ’arraﬂgr feactor trains

cat st precursors, one Or nore actl vator

define anfidst grougn€G by ofRiaetdratathy ahd SHOBRF bie o&%orfeq;fmhe gmanel
a reactor effluent includin honogeneous fluid phas
reastomispingoiedingr a sesand graup &BZhoﬁmaatdreﬂrame,awherem the number
ne.or, nore of the parallel reacto

of o3 oot fedt PReTmor BOSIS DT (GhENER 1Dy 4 ENERR)), and
e O BIREd Teeq Rl P%’L?%?c%eol oG L B0 TGS Coplig ptated as

f(?l!)t?v % N% élp ) )z;mg ‘N@%) ,N(Gl e'(aﬁe co%e@o@e ggonomer

poulnimeactpoedctof tréin afidGHaré Nﬂ@sarheG(’d)) p@dsﬁléﬂll@tr@«fét@xs effluent
folLove: NG + @) = N@) and NG)
COIRPFising "th@ehqmﬂgfmﬁou@dbm mhaéaqmlymax}trmndma mixtirésfrom each

rsfigr PETATIAL et bateh ok Fighacescpis %S&ramnsqfepmduct

' r o n rou
Y e RO it 0 ity T e e
pmad‘eatfrtlﬁmetﬂeslﬂ@lﬁl-rp@é.‘;sﬁfb séph}atﬁli'aﬁb@é fHegblid Auid Phase transition
‘ erature and pressure within the high-pressure
P@ég%u&tbslow be elouwd poiiti presdure aindheamperatares td iform poflaid-fluid
but, bel ow .t he cl oud. point pressure and tenperature to

IWESPRASE $YSPR. $TPHSINECR pohyestich diend rpbas;fs PR aamonomer-rich
p}pé%%’l @tse%érﬁflﬂg RO th SRR G- ﬂﬁlg Bﬁggé)ﬁg%{h meP 3R bibhd phase

nononer-ric

mptlieyl’ﬂg‘h ptdSbuﬂ@' %ﬁrﬂ'@)ﬁ% foind fae Slgﬂkb' rﬁi and a Scparated

separator to forma polymer-ric aseparae
manomeerichi phasphase (ghretychhg the yqbara@dtrheneﬂﬂemriﬂleﬂlase of (f)

mononer-rich hase of &2)
to one or more reac r trains of

[0014] Still another aspect of the present disclosure relates to an
advantageous monomer recycle process for use with fluid phase in-line blending
of polymers comprising: (a) providing a first group (G1) of one or more parallel
reactor trains and a second group (G2) of one or more parallel reactor trains,
wherein G1 polymerizes a polypropylene homopolymer and G2 polymerizes a
polypropylene copolymer, and wherein one high-pressure separator is fluidly
connected to G1 and another high-pressure separator is fluidly connected to G2;

(b) contacting in each of the parallel reactor trains of G1 and G2: 1) propylene



to one or nore reactor trains of G2. [0014] Still
anot her aspect of the present disclosure relates to an

woavgnbageous nmonomer recycl e process for use pamiits2008/002899
fluid phase in-line blending of polynmers conprising:

(a) providing a first group (&) of one or nore

parall el reactor trains and a second group (&) of one

or nore parallel reactor trains, wherein Q

mohgmer, i 2)amesommioyd canyyst 3esteaisp BYloyewir ek ¢enonomers in each
pol ymeri zes a pol ypropyl ene copol ynmer, and wherein one

ofi thA-paraliel eactor feaing @¥ G2 4) optinnal eosrarcmedt scav@ngersy and 5)
803 op) ot R, BRARS; o Seliter Whsteipash i thecearael reactor

tHdifd f6r @11 e@d @Qdart@ga}sa’l%egg?ﬁégﬁélrg %SBQQW%%%@%@& ?h?l%e-transition

nore catal yst SysS or nore C

teapbradiret Btheapcllherizh a8k tngtePr[ ghda pressate nd) 100 1tRARN0 MPa

one or nore scavengers, and 5) optional one or nore

be¢lawdhe slad paint pressurerbfthe polgandrization sgstear ahd ééss than 1500

1\rggacto trains for G and G2 are at a tenperature L
#and havectt least ong pemmon maeromenL whergie rthe upelysierization

AR FRTERE TR A TR ASE M ot nd
CORHTSS o I SO} HhY S e avenger

ppesentyeamidzihiei polysies peoducly apdelie palyadridationasis®im foRtHE second
of A and & is inits dense fluid state and conprises
reAchPyy Iteaie Fasthere¢omprisesdionaeot meres sbmonomerssend , whenein the

R T
e TR0 AR SR oy mor
c&lalyst dséphoreyyp(d)s d6rmiiy Gin NiirédéeddalréaétoP’ EFHIehP! Mcluding a

one or nore activators, and optionally, one or nore
hemogepeus Sujshphase; pqlyiner onenomgenmixture dueach paratiebreactor train

of 11, 8T s ket i BT oGt ReqsdplaF TBienie Berthe, oag ar more
OB, S K S s bl A LS, sparr it
m@aifhgtthel fsmpdtarieaml Iprédiufd eeishinetRe RfgRpRAIssUR Séparator
mai ntai ni ng the tenperature and pressure within the
aboghthe selidHfhiid gyhasatmnsition point but below the cloud point pressure
and temperature to form a fluid-fluid two-phase systems comprising a polymer-
enriched phase and a monomer-rich phase, and separating the monomer-rich
phase from the polymer-enriched phase in the high-pressure separator to form a
separated monomer-rich phase and a polymer-enriched phase; (e) passing the
polymer-enriched phase from the high-pressure separator of (d) and the
unreduced reactor effluents of the G2 reactor trains through another high-
pressure separator for product blending and product-feed separation; (f)
maintaining the temperature and pressure within the another high-pressure

separator of (€) above the solid-fluid phase transition point but below the cloud

point pressure and temperature to form a fluid-fluid two-phase system



above the solid-fluid phase transition point but bel ow
the cloud point pressure and tenperature to forma

wof Jobg/fhobdsui d two- phase systens conprising a  pcr/uUS2008/002899
pol ynmerenri ched phase and a nononer-rich phase, and
separating the nononer-rich phase fromthe
pol yner -enri ched phase in the high-pressure separator
to forma separated nononer-rich phasg and a
‘ hgear eiRfiehe bldR) & BAdt Be monomer-rich phase;
%ﬁrgenr@% phase fromﬂtqﬁaé hi gh- pressure p (®)

ssppratiagotheomonemesrrich pbase fiemin dthel podpmientrichl blendnplsase in the
reactor trains rou h anot her hi ghpressure

agifé’ﬂiﬁq:bgh P‘E?nSS‘HFoﬁfiR?lratSFe‘hfgl(?Dg antorpy @dn@}ym@eﬂch blend and a

SRS TSRS s i
G(%d) abahe drteos ahdre-rehtior Qreﬁﬂﬁ%? G 1285 gpat ngl'lr%% t)?éé%?ﬁarated

ow the cloud point pressure and tenp

monomerrich phdse ab(gtasmesyrahorcreaptor Staf'm_ é&f G2.
pol yner-rich bl end phase and a nononer-rich phase; (9g)

separating the m)norrer rich phase fromthe

bl d t ot her hj pressure
BBAATS" . SEl s Aot Gl v ioBiarats (o an

saoanSgas, AR b FRSE Ve AR - enin
of pabmerstcompising: @) pﬁﬂddlhg)a fiest \rbhp G B FORRrah&(E reactor
rmnorrer ri ch phase of(glgl ) to one or nore fteactor

trapng aad sggonc[ (gmgg) 29)1 Df ane an(mhm reayper tradds, t Wherein G1
pB]é,esent di s osur at es adéant ageous nononer

WHES AR XBEOR "‘% %HWP "P%ﬁ ﬂé@éymﬁrlzwa:polypwpylene

I d
Oy ersi HTERprEQIRE L Sheior S huRliE CoRbegef s SHEnd G2,
and owhereii) thef (Dhere@éto‘imfrﬁlr{seﬂﬁé CUontﬂg%'r&P apaﬁ'gﬁéle'ta fhd fluidly

pol ymeri zes a pol ypropyl ene honopol yner

cweyzm torthe @2 peactpr trayise i) cantattymein eadieofile feactor trains of
essure separator is fluidly connected to d and

Gg?q“daﬁ;r& meﬁfe?}ﬁl RdNENOMER 3)0Png Phmere Matal usirﬁysgqm%oﬁ) one or

m%?é @bhﬁJn(ogr;)erg'?lq efal: £ t%ecrgg&%th%?nst ﬁg% 4 (B}rtﬁf}l% jOR€ or more

tacting rn
sdafve@era,mhdﬁ) optionit] P! A oFPAIMETts of SolVBRtsOWHEPSIR cach of the

catal yst systenms, 3) one or nobre conpnoners in each
repplor teains dor Glaand G2 a@2 Aat 4) tenpicratuaé aboee ahe ¥olid-fluid phase-
transition temperature of the polymerization system and a pressure no lower than
10 MPa below the cloud point pressure of the polymerization system and less
than 1500 MPa and have at least one common monomer, wherein the
polymerization system for each reactor train of G1 and G2 is in its dense fluid
state and comprises propylene monomer, any diluent or solvent present, any
scavenger present, and the polymer product, and the polymerization system for
the second reactor train further comprises one or more comonomers, and
wherein the catalyst system for each reactor train of G1 and G2 comprises one or

more catalyst precursors, one or more activators, and optionally, one or more

catalyst supports; (c) forming a reactor effluent including a homogeneous fluid



scavengers, and 5) optional one or nore diluents or

sol vents, wherein each of the reactor trains for @
wodads/fadoar e at a tenperature above the sol i d- facdingk2008/002899

phasetransition tenperature of the polynerization

system and a pressure no | owed3than 10 MPa bel ow t he

cl oud point pressure of the polynerization system and

| ess than 1500 MPa and have at | east one common

phase pelymerheioaiomdr heixpare)ifeiack atacior it NG ande@2h(d) passing

reactor train of G and Q is in its dense fluid state

theideadap efdeents fopm| each rasetoretrainanf) Gii land G2 othrough the high-

sol vent present . an cav el. present, and_th )
PRSP SPRBAIGE L fora iofvd Bltind | 3nd | Biodlytiesd rgparation; (©)
- e knf I 5€S .
rERERNEP A Kmblitibe) Mhd NHesPERUAGHS N B of8firs, separator
abeaeith¢ sblidiflui@fpdse afshsitort ORIt iR HedOW e ¢TBLE point pressure
catal yst precursors, one or nore activators, and
angttempgratyre tinéoron anfinid-fuidatweiphasgp pystem; c¢mprisimgna polymer-
a . reactor, effl uent includi ng a honogeneous fl uj dphase .
rich) gﬁaﬁ-ﬁhﬁs Ai RepPmerAicdaphasee 4B} separating, the nwpnomer-rich

) ) ' t ? or effluents from each
Ptk o ERdIFBRr aRor b EREC I B e B R to form a
PO et S PR B HCE Wit rcying e
separstedrmondmbr-nichiphase offi (Prte sheiore oe pROTaredctabREmstdTeG2.

solid-fluid phase transition point but below the cloud
poi nt pressure and tenperature to forma fluid-fluid
phase~system ¢ rd.si ng a_ pol rich blend. phgse
IO o RS P FENRR fetureh, S Bkt it et Be1dRed honomer
Ph#s 0 e ;b sl gl .
F e Ry s RS Fluid JBhdsa? ik Bleridifi) of HMARAS Gnd their
atvandgend appheaticise dndivrouses nith H@haﬁpareﬁﬂdfrbﬁﬁ the detailed
recycling the separated nononer-rich phase of (f) to
desesipsioa Bat fellews.cpartisularlyamhenoeadin dobpursitionhwsth thedfigures
ot her [features and attributes of the disclosed nononer
PR c?fiéleﬁ?t&esses for fluid phase in-line blending of
pol ymers and their advant ageous applications and/or
uses will be apparent fromthe detail ed description
BRIBF DESOCRIPTION ORTHE DRAMANGSad in conjunction

with the figures appended hereto.
[0017]  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:

[0018] FIG. 1 presents the process for the production of polymer blends in

a two-stage series reactor configuration (prior art);

[0019] FIG. 2 presents the effect of polymerization temperature on the
molecular weight and melting point of polypropylene made in supercritical
polypropylene  using  MAO-activated  (u-dimethylsilyl)bis(2-methyl-4-
phenylindenyl)zirconium dichloride (Q-Zr-MAO) catalyst at 207 MPa (30 kpsi);



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0017] To assi st
those of ordinary skill in the relevant art in nmaking

woaaes/W®hddg the subject matter hereof, referengers2008dp2899
to the appended draw ngs, wherein: [0018] FIG 1
presents the process for the-ptoduction of pol yner
bl ends in a two-stage series reactor configuration
(prior art); [0019] FIG 2 presents the effect of
[0082Q)er i ZBkG.or3 tpreyemtsit thee effect tof polyanerizationeipgéssuddidon the
mel ti ng point of polypropyl ene made in supercritical
melegwlab syeight and; my! peint \oft palypropylene made in supercritical

i met hyl si.l yl) bi - et hyl - 4- . . .
Pism I§H?e ndgné‘%lféi ch%ﬁ?@%ﬂ/ﬂts‘?i de (odimethutsilylbis(Pymethyl-4-
¢ iq) F t f.f o
PR aMy DA Bl I CIGHAR QN BB R 0P et 0k
nmel ti ng point of polypropyl ene nade in supercritical
propyl ene usi ng MAO acti vat ed
[Q021])i net KAG |4/] pleset’- the hyffedt of propylene conversion in the

phenyl i ndenyl ) zi rconi um di chl ori de (Q Zr-MAO) catal yst
palyménization 130 osipgrodtical Fipmopylepe esesing t MAOfdativiated (-

OB N RO B R S Be e bt (0-2+-MAO)
S S EARI O] 5§ AP b SRS de 2 coni v

or 20 kpsi, respectively); [0022] FIG 5 presents a
&ri or art nononer recycle process with full recovery
[0022]ndi viKIGal Snpresemts & opmon ent snerceen reayets protéssnwith full
with a fluid phase in-1ine polyner blending, process; )
IGCOY OB Oﬁl@lveé) JHERPEICH LOMRAASNES Yseb ib ¢eRjunstips| with a fluid

C. f 1 ui e_in-line blending of polyners
p 1;v?vlaqS?"hlg(:Q;l?]neg gélgglfegtbg?&gﬁéfépcisgepar ator-bl ender), the
conmbi ned nonomer recycle stream of reactor trains (1)
and (2) recycled to train (2) wthout recovering
[0023]vi duFIGYo6 present apoexemslant Odsdimér fecydleppraess or fluid
an exenpl ary nonomer recycle process for fluid phase
phage innlingblehdinggolopolymepprvith Qe sepanatos ¥pspchfseparatersblender),

SR RS et s AP P SRR (T anl| 87 S8R ted 1o

train (2) without recovering individual monomer components;

[0024] FIG. 7 presents an exemplary monomer recycle process for fluid
phase in-line blending of polymers with one separator vessel (separator-blender)
and with additive/polymer blending component option, the combined monomer
recycle stream of reactor trains (1) and (2) recycled to train (2) without

recovering individual monomer components;

[0025] FIG. 8 presents an exemplary monomer recycle process for fluid

phase in-line blending of polymers with two separation vessels;



recycle streamof reactor trains (1) and (2) recycled
to train (2) wthout recovering individual nononer
wocRpapent s; [0025] FIG 8 presents an exenpl aict/us2008/002899
nmonomer recycle process for fluid phase in-line -
bl endi ng of polymers with twol&eparation vessels;
[0026] FIG 9 presents another exenplary nononer
recycl e process for fluid phase in-line blending of
[p026)rer s KIGh 9t presemtpaarmithem exaphirg mbhdmar Re@Ehl€ tprocess for
ef fl uent buffer tank that also serves as
£ piolig: tblending 01 polysmers nyithybwo tseparatioat vessels with a

e s e BE R ki iy s, 58 35 RGO B tadig apparator for

iﬁgkd&&fﬁleﬁﬁy&i@,% ?gpar ation vessels and with
a BYeR

di tive/ pol yner endi ng conponent option; [0028]

FIG 11 presents an exenplary nonomer recycle process
for flui gﬂphase in-l1ine blending of polymers with two
(024 at | JHGrel@ @resentmean zixsmplanyvinogorer ra€yae pracess for fluid

i th.additive/ pol yngr Rl endi ng, conponent opti on; )
phiatsrdn s bigufife 26E palymesnavish: AEo; seperaians essels and with

[ . - 100 .FIG 13 presents
a@?%%%%{&?g%ﬁ@ Fré%igpe O?R} PP 45379 di ssol ved
in bulk propylene; [0031] FIG 14 presents cloud point
i sotherns for Polynmer PP 4062 di ssolved in bulk
[0028]y| endF1G.ODBPresehB ar Expmpdanyt monbmied rpeyale process for fluid

| sotherms for Pol ymer Achieve(tm 1635 dissolved in )
P ﬁﬁ%%{l%}?{@,ﬁi@g Péesqufmscgvlth&Wpr&@pml@nc\{e\ss@smmalso serving

' r Raql r .PP.45379.di ssol ved jn bul k
ab BEIAF R 8 s otynes Bidntifk SofnoRent Porion:

i sotherns for Polynmer PP 4062 di ssolved in bulk

propyl ene; [0035] FIG 18 presents a conpari son of

[0028]| et hFIGar 1PPrSANS, cléndi poiaf tisdthéhns , forrRblpMet 0A2hieve™
g§§§olved i n bul k propyl ene;

b

[0030] FIG. 13 presents cloud point isotherms for Polymer PP 45379

dissolved in bulk propylene;

[0031] FIG. 14 presents cloud point isotherms for Polymer PP 4062
dissolved in bulk propylene;

[0032] FIG. 15 presents cloud point isotherms for Polymer Achieve™
1635 dissolved in bulk propylene;

[0033] FIG. 16 presents cloud point isotherms for Polymer PP 45379
dissolved in bulk propylene;



[0036] FIG 19 presents a conparison of isopleths for
Achi eve(tn) 1635 and literature data as described in J

wo 200%/80pggi r Aiveira, C Dariva and J. C Pi ntpggyr/i92968/002899
Eng, Chem Res. 29, 2000, 4627; [0037] FIG 20
presents a conparison of isoplleths for PP 45379 and
literature data as described in J. VMladimr diveira,
C. Dariva and J. C. Pinto, Ind. Eng, Chem Res. 29

[0084D) ., 4PEG. 10G8ents Glodd poias cibbthens ofdraPoBaReOPP 4062
i sopleths for PP 4062 and literature data as described
dissobvedvingbnlkipropylenej ra, C. Dariva and J . C. Pinto,

Ind. Eng, Chem Res. 29, 2000, 4627; [0039] FIG 22
presents a basic phase diagramfor m xture of

I en nojgr ..\ sel y gy i agti
10038 ooy o T pisels”S: SEirOh! EF s Bdhcflr g 4537,
AdHeve™ 1633/ RhaPP 8062 dikbiveddh tRIEpYMeneat hyl ene
- copol ynmer); [0040] FIG 23 presents a conparison of

the density of supercritical propylene at 137.7 OC.
| liquid propyl ene at 54.4 0C, [0041] EIG 24
1803k < el SHEPYesents + emparison at isopinihe DmhchieaBY 1635 and
Sq.dl scl her.ein Lor. a. reactor gperating i .
HREREEE et 3 SR0BT o of B’ OBV e R Eifiys e 1. . Pinc,
IRPERS, | (Kerh eRESTE Y, D000CSSANCE Wi th the process
di scl©sed herein for a reactor operating in a

liquid-liquid phase; and [0043] FIG 26 presents an
[&(s)erati ngrregi me in accordance with the process

3d osed™Mer @0nprasents gr eempgrisesp aifatsoplatir fisr PRNES379 and
[ 0044 r th ur pese t.his jnventign_and the )
Rtk ot b BB SR T Vatin OBV o6 1Mt P4 G Pinto,
AR [ . nore catal yst precursor
I{(s:)(g'rr%[g%nds an @%ﬂ%@b%{@%t i vators. Alyt hoﬂgh
t hensel ves are not catalytically active (need to be

combined with an activator to becone active), the
0038 yst KliCecd1spresentspausamparisonf o isopdéthsr for P 62 and

li qa{tggllgétsdtg%llg? cﬁc@&l@%«i éxg:,] B@Lﬁﬁ{rkﬁﬁ%@aﬂ CAE/arR/%r etlmi) fJ C. Pinto,

Ind. Eng, Chem. Res. 29, 2000, 4627;

[0039] FIG. 22 presents a basic phase diagram for mixture of propylene
monomer with selected polymers (isotactic polypropylene - iPP, syndiotactic
polypropylene - sPP, atactic polypropylene - aPP, or propylene-ethylene

copolymer);

[0040] FIG. 23 presents a comparison of the density of supercritical
propylene at 137.7 °C. with liquid propylene at 54.4 °C;

[0041] FIG. 24 presents an operating regime in accordance with the

process disclosed herein for a reactor operating in a single liquid phase;



supported on solid particles, in which case the

support is also part of the catal yst system [0046]
woRDRSR9hdsui ds are defined as fluid nedia in themus2008/002899

liquid or supercritical state with densities greater

than 300 kg/ n8. Note that gasiphase fluids are

excluded fromthe group of dense fluids. [0047]

Solid-fluid phase transition tenperature is defined as

[0042] eMPFRTURS Presints ana opetdtihgPebgiy iRhacsdrdance with the

separates fromthe pol ymercontaining dense fluid

pnectissidisgloszddievein for ageacter opératinglin @-liquiddiquid pbase; and

transition tenperature can be determ ned by

tenperature reduction starting fromtenperatures at

W' h theg O%Z%E rés%ntéJ oﬁ%ﬁﬁﬁl V?éj%#rﬂat Gige gc%?& ce with the

reac dirum & ONe Ao

p?éce@s ﬁﬁcl&eﬁ(ﬂe)‘élﬁrfopﬁfgiﬁvn%B épparpgeneous f' ui d ”Ed' um

becones turbid, which can be observed by eye or can be
detected by shining a | aser through the nmedi um and
detecting the sudden increase of light scattering as
described in J . Madimr Qiveira, C Dariva and J.
C. Pinto, Ind. Eng, Chem Res. 29 (2000) 4627. [0048]
Solid-fluid phase transition pressure is defined as
the pressure at which a solid polyner phase separates
fromthe polyner-containing fluid mediumat a given
tenperature. The solid-fluid phase transition pressure
can bedeterm ned by pressure reduction at constant
tenperature starting frompressures at which the
polymer is fully dissolved in the fluid reaction

medi um At the onset of the formation of a solid

pol yner phase, the honogeneous fluid nedi um becones
turbid, which can be observed by eye or can be
detected by shining a | aser through the nedi um and
detecting the sudden increase of light scattering as
described in J. Vladimr Qdiveira, C. Dariva and J. C
Pinto, Ind. Eng, Chem Res. 29 (2000) 4627. [0049] The
cloud point is defined as the pressure bel ow whi ch, at
a given tenperature, the pol yner-containing
honogeneous fluid nedi um becones turbid



upon pressure reduction at constant tenperature as
described in J . VMiadimr Oiveira, C Dariva and J.
wo0oFidba, | nd. Eng, Chem Res. 29 (2000) 4627%hctngs2008/002899
purposes of this invention and the clains thereto, the
cloud point is neasured by shillirng a helium | aser

t hrough the sel ected pol ynerization systemin a cloud

oint cell onto a photocell and recording the pressure
ﬁEFHHIaTI@NSt of rapid increase in light scattering for
Lven tenperature. [0050] A higher a-olefinis
@Qgﬂwed aéora epuspeses pfithisi inyention ard theoelainsitheeto:

atons. [0051] Polynerization enconpasses any _
pol ymeri zation reaction such as honopol yneri zation and

[0045] yrrerAz@gté ?E‘t systdnak dethR Pyt'ael;é il b@rﬂbﬁﬁ?ﬁﬁﬁ@f@ﬁé or more

any po yneri zatl o reaction of two Or nore non

cabpst]prébersoevompohieds A6d 9RBVFEMORY adthatdis! | QlhSugtplethselves
Groups is used as published in CHEM CAL AND

amaommlmahmnw(@ed Ry be 1@BBhined0sith amectivator to become
eferred to as co rls an olefin, the

BRY The el Précoesnr csmpmans e npr@rfvﬁ%ct horgscatayss in the

e [ 005 I ed to

8 OG0k 056y B M gy LA B e optonatty

spppotiet oh %oﬁdfpaﬁﬁﬁeﬁ qntwhreﬂr&@é ithd d?aié' 4180 anQ{df the catalyst

nore nononer units. [0057 series eactor casca

SYsiemo referred to as series reactor configuration or

reactors in series) includes two or nore reactors
connected in series, in which the effluent of an

ream t Qfyil d t he ne react r do .
mmﬁt]he re Iﬁaﬁgr cé{ci,%a %ggegeﬁs ﬁﬁ‘ idy 1“Il it "b e]’qu‘d or
supeTEFiHaaN StAaC ivgth §éns1ﬁ@§ g t&Rer Han?800 " BorNS&ntlﬁ? gas-phase

u mented W th any conbi mation of addi t1 onal nonomne
fluidsearg sxclusied\fermeahe gooups of demse fluidsh or recycl ed feed
streans.
[0047] Solid-fluid phase transition temperature is defined as the
temperature at which a solid polymer phase separates from the polymer-
containing dense fluid medium at a given pressure. 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.

[0048] Solid-fluid phase transition 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



[ 0058] Reactor train or reactor branch or reactor |eg
refers to a single polynerization reactor or to a
WOH008/voeds pol yneri zati on reactors of the in-|ipeg/us2008/002899
bl endi ng process di sclosed herein that produces a

singl e polynmer blend conponent%- If the reactor train
contains nore than one reactor, the reactors are
arranged in a series configuration within the train.

déteemireRliby pressar rRAubOR at boistaneefifpredtore étﬁrtih% frofl pressures
train may, for exanple, arise when an in-line blend

at whidnéhe podymer ib&ully clissobeedain thee fluéd reandionamedium. At the
econgnjcally in a_.single reactor but there could be .
°a$e§&%§3%§atm af agofid palumer phasss s homegenequs Buidimedium
r ' Ltion distributio tC.y. .
ooyt BBy BER BF obRERET Y B REH peldfdeq BiCshining o
1ReE{HRbugIe Btd RledAfti @Rdi dbt&&®inShe shbferd iMIES b(kiel%t scattering as
conmponent produced in a reactor traln nay Itse be a
deswiripedrinbl.eWthdiinip Qliveira] €.Dationantis]. V¢t Rintay Ind1dEng, Chem.
nmol ecul ar wei 9ht s and/ or conpositions. However, in
Réﬁ-d7egr(2t()<90§i4§8| ify the description of different
enbodi nents of the in Iine blending processes
di scl osed herein, the polyneric product of a reactor
qn i s f [ I t .
L0 rer+ A781 S04 DOl 3 JHfinedls RegHESRERRIS ety 2t a iven
tengpegitura tié polyrnerosntaimng hoflicgeaesuLfluidhPedivig becomes turbid
pur pose of defining the process of the present
UpQIy PieISYrE rpductianeiat ceastant sempketatiuke as wiegeribedsndkr ¥iadimir

S _separate.reacfor trains e i f_ they pro
OB SRR e e PRIEP: Wil s e BRbrAS (3009 4627. For
. . |

PEBBLS ihis ERER0R nd e Riaifls MERTh. B8 AP Bolrt % pikRgured by
shinimg- artelingh !l@mSthrélfgfbﬂl@%él@éteﬂeﬁcbl?ﬁiér%ti@ﬁ JBtdIRdA. a cloud

w || be considered as separate parallel reactor trains
paintgellhemtor Aoplotpeelhlandl recondingathe prasseset at then ansetrofi rapid
. shel | .agdhgal |, wit r}J n the in-line blending process
INGTCase YL Hght3aticHNg 19p B &I VERLICERRTaMERK refers to the

conmbi nation of all polynerization reactors in the

pol yneri zation section of the in-Iine polyner blending

[0060Fess A highes afloldlieii§) defint@asy 8h R/INGNRAVHRITIGAS ®r more
one or nore reactor trains. [0060] A parallel reactor

cagbori ptpmst i on i ncl udes two or nore reactors or

[0051] Polymerization encompasses any polymerization reaction such as

homopolymerization and copolymerization.

[0052] Copolymerization encompasses any polymerization reaction of two

Oor more monomers.

[0053] The new numbering scheme for the Periodic Table Groups is used

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



reactor trains connected (also referred to as fluidly
connected) in parallel. A reactor train, branch, or

wd 2as/1yo4i NCcl ude one reactor or alternatively pgangs2bdsa02899
one reactor configured in a series configuration. For
exanpl e, a reactor train nay-2hclude two, or three, or
four, or nore reactors in series. The entire parallel
reactor configuration of the polynerization process
[0054] osedWhened polymer is tdferrednbi aagommpriSingaan olefin, the olefin
paral | el pol ynmerization reactor trains forns the
presgot oy theepridymen dsthe palymeeized o lof theolefinc ef ers to
the ratio of the amount of recycled nononmer fed to the
reactor divided by the total (fresh plus recycl ed)

nt of d . .
IR e AT e Sabind o BER oA haying. 2770 monomer
uBltys cononomer (s) plus polyner(s) plus optional inert
solvent(s)/diluent(s) plus optional scavenger(s). Note

that for the sake of convenience and clarity, the
cat al yst systemis always addressed separately in the

[90%6]ent o spelygIesn is rdedinednée bo rrempasiteons deuing (%6 pr more
ol ynerization reactor. In this regard, the

"g%?%%rr‘i"?gc‘ti on systemis defined here narrower than
customary in the art of polynerization that typically

consi ders the catal yst systemas part of the

[@e5Z]ner i Zat seress yiehetor kcasddde (alsoemnéfeakelli not iasnsefiée reactor

m xture present in the polynerization reactor and in )
cppgurationeon raastars (ip dseigs binaludespys gr meorgt feaptosy soanected in

l.us .t he, cat al yst, syst 0063] A honoge S
sBif by fie’ Shutetiicioin apREcAm] fegor 18 160 Botenpext reactor
ddvaBeeaRd irf"rtﬁﬁ MeaetbroRadall! € PsiesS At %fﬂ{l§htoBT the upstream
di scussi ons, honbgeneous pol yneri zati on systens are
reéaeedt(s); thd deéd) of iyl redergecanl bé duginetédwith any combination of
supercritical) state. Note that our definition of the
agdditipnal imenomar,s patabyrst.d seavemger,i at|sodeenthfeshted yecycled feed
system thus the catalyst system may or nay not be
St Yeneousl y di ssolved in the pol ynerization system
A honbgeneous system nmay have regions with

concentration gradients, but there would be no sudden,

[0058]ont | Readforciraing®s @hcopManch i sinreadtcr BgCEORR @6 a single
scale within the system
polymerization reactor or to a group of polymerization reactors of the in-line
blending process disclosed herein that produces a single polymer blend
component. If the reactor train contains more than one reactor, the reactors are
arranged 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.



In practical ternms, a honbgeneous polynerization

system has all of its conponents in a single dense

wofdobd/thophase. Apparently, a pol ynerization sysicamd2608/002899
not honobgeneous when it is partitioned to nore than :

one fluid phase or to a fluid?bnd a solid phase. The

honogeneous fluid state of the polynerization system

is represented by the single fluid region in its phase

Howereryin ofie64] sinusléfysthbsieacrdption of diffistefigerbbdinydifts of the in-

of hydrocarbons, can exist in either a subcritical, or )

ling hdendingiprasessendisclased dgtringtherpalymierictprogectanfia reactor train

.and.pressure. To be jn the supercritic state, a

i€ TREREE S0, S liags ndnEeREPiFE Sbonaimer Hlgsd gomponent

0 . i cal
rHERRSELS1 B (TplsflY BTG, SORUBSIhafign. For e
purpdserefsdefinin® A BrovesP ol iMEpeseiifvemion harallel irb&itbrs will be
sol vents, have pseudo-critical tenperaturés (Tc) and

apyaxsdecnsidarcd as spparataireastaricdins weiven hf fhey pradyce gssemtmlly the
can .be, appr oxi mated b | e-fraction-wei ght ed_averages
S%‘Petlﬂ'j“teo lﬁeé ﬁeﬁm%@ngr W%aﬁpa}aa%ém@@%( parallel p%a)c%@n zones

it B gD AR eBoabh ShiKites . Jof BB, by -around
164RY 8r byedtheP RRURRIRTIdH hfe@hody! %ﬁﬁ%@c%ﬁher?ﬁg%@eﬂafa@e parallel

be in a“supercritical state or phase, and
redveomtoaiyis @ven viedrathose patalkalpones ateé prdsemt int aicemmen khell and
he anal ogous .to supercritical_ pure substances. For
f‘HﬁWgB@é’ééheoF"hm blending,prassss disslased heeain. ¢ enper at ur es
(Tc) and critical pressures (Pc) of certain pure
substances relevant to the current invention are those
0059 T OURbaibrt BEnkibASBROK, O igm nge Ry S izati
L9053 |1 5" Keakfort BenkORAERO to i REMShadoR16r RIY YdtFmerization
réeors 200the fatCmierization LlseCtiofeyf therin-liZdPodlyrher blending process
particular, the Tc and Pc of selected substances are:
dpelpsed hereinp @ rgagbwsankhmay ¢ompRisePngHisMoTeacactos tirs.
used: Me is nethyl, Ph is phenyl, Et is ethyl, Pr is
propyl, iPr is isopropyl, n-Pr is normal propyl, Bu is

L B s ’ . topti y ]
ar o (o] ARttt cdpftforfidriAciftids Riblor mit factors or
rdactori sainytgonnketiedn(@iBo Wieried teadfluadlyntameenrl) inMparallel. A

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

[is

one reactor configured in a series configuration. For example, a reactor train
may include two, or three, or four, or more reactors in series. The entire parallel
reactor configuration of the polymerization process disclosed herein, i.e., the

combination of all parallel polymerization reactor trains forms the reactor bank.

[0061] Monomer recycle ratio refers to the ratio of the amount of recycled
monomer fed to the reactor divided by the total (fresh plus recycled) amount of -

monomer fed to the reactor.



is para-nmethyl, flu is fluorenyl, cpis

cycl opent adi enyl . [ 0066] By conti nuous is neant a
woS2088/fidpdehat operates (or is intended to oper aiq)us2008/002899
wi t hout interruption or cessation. For exanple, a

conti nuous process to produce?2a-pol yner woul d be one

where the reactants are continually introduced into

one or nore reactors and pol yner product is

[0062] nual Polymidridtionn sy§toR6 75 &efini¢d/ tooIbenehé Zalondter(s) plus
refers to a?olyrrerization process in which )
coaranomgrés)e plusolpodyper(sheplug eopgionayriaact aolvent(s)diluentés) plus

dense, fluid or, {n | i qui d/ vapor pol ymeri zation .
fdscaseaiske Note: Babdpy Bl sk b FomsanisnRe ands darity, the
i . i e lT) . .

AR5 B} APIIE Sep il 3 igthicent iscussion trom

oshyrecoinpohents prasesl SHPLTESlyficti2htibh Welctor. In this regard, the

pol ymeri zation nmedium In a’liquid/ vapor

potymemzition spstemeds defined chepelnamrowerethadesustomiahg in the art of

) phase, Slurry polynerization processes

I {quid (dens
Ppibarl%fémtgplbrfg?wymaﬂYog@wé § Higr gptalystpsystem as, part of the
e r- Natit a,cat al yst r..sSupperted .

P M?Iﬁ%g@ﬁlegggggﬂ'ysIPst,heaﬁ'&rrgweaFﬁWé{onTﬁEe JBixtyre present in the
BRI ERRZdtfonP FQSH ahd BCAY | e izati
phle%{ er ogeneous sol iad cat al y%f{la%gre{si g?rélgo%cﬂﬁé)fftgfn?%lgmgrlzatlon

sydtemrplup tzeseatalSistisystempol yneri zati on processes operate
bel ow the solid-fluid phase transition tenperature of
the poynerization system [0068] Sol ution
merization refers to ol. rization process i )
IGRIAN™ € o RaEnE sy BoBrdgiddlion, Bistgma comains all of its
cORpBABHts Zdisp&r3ed Yol Mixed Sh %Spﬂﬂeéd]ﬁr Ef&lg! VER o' discussions,
monomner (s) or their blends. Sol'ution polymerizarion
homogenems polhneeigation ygsteiglird nidny 1® be A thélb deiss Amd (liquid
in the reactor. The tenperature of a liquid
op sHperstitical)i Yatesy Nasen that pur slefipition of shpepalyimerizationrsystem
seuda_ s reritjcal tenperature, thus sol ution
A otanP R BF calaiFot Sy BT B i cArbRe SYorBAY o aasy not be
h i ] rGr
SRSk RSN RS Bl ARy S4BE” B4 BBkncops sytem
maki ledvet fegigrnd withr Eardenratio dradiehss, ibut ithéredRBERI be no sudden,
supercritical or pseudo supercritical state, i.e. when
dispentinarsistchapges bé cpoippsitianzan iaomicysteten scaleabithiB @ system.

Irgiﬂli'p(énd Ingqsrﬁgs? c ﬂls)té’ng{g%ngonl?s Fi)ro?)sl’r%lélr'igat%r? gybs?c\:/ne) thgs all of its
components in a single densé fluid phase. Apparently, a polymerization system
is not homogeneous when it is partitioned to rﬁore than one fluid phase or to a
fluid and a solid phase. The homogeneous fluid state of the polymerization

system is represented by the single fluid region in its phase diagram.

[0064] Pure substances, including all types of hydrocarbons, can exist in
either a subcritical, or supercritical state, depending on their temperature and
pressure. To be in the supercritical state, a substance must have a temperature

above its critical temperature (Tc) and a pressure above its critical pressure (Pc).



val ues. [0070] Bul k polynerization refers to a

pol yneri zati on process in which the dense fluid

woPRbg/Indezat i on system contai ns | ess than 40 Wcerigs20d8/002899

less than 30 wt % or less than 20 wt % or |ess than

10 Wt % or less than 5 w %-2%r less than 1 w % of

inert solvent. Inert solvents are charaterized by

their lack of incorporation into the product polymer

Mbaures bl HydoedrBehs! itludihgP flikeired 'dﬁmoﬁ%ﬁ@@t poRJrfters, and

typically hydrocarbons conprising 4 to 20 carbon

qm@nﬁllyadﬂartt agduemts,y haVO P8eudo-chitical Stempdratures o¥c) and
t.i on system may al so_contain

that t he riz
RSk ﬁ?q CH%F%PW %25 jch; ﬁem%r%ts&emw@ pEapproximated by

| nt

SR AP S fhecl 0 B el RS e cre o
scl .

RIS MAIE'C UOhpRhefltMAIRS WA L EERAMEURye teir
psendcecrititalwtengferatuee andeal preysard abowd theif peetdietritical pressure

ity .to keep the polyneric products in their

F g%ls&%l torbg én 3 GuPpeIcritioad ftate neto phases | anek the shérmmodynamic
b%ﬁi@%r off FuherEifek Roeurs. TP B6r sbrlognat tngupereriical pure
S g PRRTES I i I B M TR b pfifed Trc) and

chitital pressuresi(Peladf! dertai® Pusd subsgareel Yﬂ@(fﬁrﬁ&b'tﬁé‘ ciehfifivention
does not include the catal yst system thus the

argtheisg dhatsfpyndrinithg Handbepkrafi C aniwrymyuhBhysby, David R. Lide,

QB dnGish Rand °'%§§5m¢ c bR B L5 Qe eomka 2001. In

pQchumefﬁ% 1oUhd p%aeof%%le% Y Sls Al 3G QR nuous Changes of

osition on a mcronmeter sca hin the system as
|t |s the case when, for exanple, solid
pol yner - cqnt ai ni ng oartlcles are suspended in a dense

id. Inl|prEe(Kra Re(MPa) gNaaregeneous Tc (K) | Pc (MPa)
Hesapérer | 24t | 907.6yS| enBlnas alprgfank! S COMPOHSRE S| 1Ty 848
ISt 0CTSCah7 T O Pasgy ApgN kv 3 PooyRerf zay T
m?blgell:ﬁ;:rHU3 T ||u CI|§§Z§{-W tgaq:q o 34‘90 j d4599
Cygloputangy h%Q)Qeneou§-98 ui gButanee of 425.12 3.796

Cyclopentane | 511.7 4.51 thylene 282.34 5.041
1-Butene 419.5 4.02 ropylene 364.9 4.6
1-pentene 464.8 3.56  [Cyclopentene | 506.5 4.8
Pentane 469.7 - 3.37  [Isopentane 460.4 3.38
Benzene 562.05 4.895 [Cyclohexane 553.8 4.08
1-hexene 504.0 3.21 Heptane 540.2 2.74
273.2K=0°C.

[0065] The following abbreviations are used: Me is methyl, Ph is phenyl,
Et is ethyl, Pr is propyl, iPr is isopropyl, n-Pr is normal propyl, Bu is butyl, iBu
is isobutyl, tBu is tertiary butyl, p-tBu is para-tertiary butyl, TMS is
trimethylsilyl, TIBA is tri-isobutylaluminum, MAO is methylaluminoxane, pMe

is para-methyl, flu is fluorenyl, cp is cyclopentadienyl.



the pol ynerization systemis represented by the single
fluid (liquid or supercritical fluid) regioninits
worhagfioghisagram [ 0072] Honpgeneous supercriti Gglr/us2008/002899
pol ymeri zation refers to a pol ynerization process in

whi ch the polyner is dissolve#in a dense

supercritical fluid polynerization nedium such as an
inert solvent or nmononer or their blends in their

[6066Y Cr i tB¥ &ontihades i\néiita sPaematiay operdied (bhes intended to
supercritical fluid polynerization systém contains

operte) withouOinjerrgption or eessatibnn F20 exaniyle, caccbrﬁﬂm(xulsemocess to
20wt % rlesswgnlo %orlessthan5vvtl/
preducery RATYMmEr WoBtd baone whtrgdhe regrdants argspptinyal introduced

o3l ok upbRrd R DoRREY fladib R soplbliy bithdrawn.

supercritical polynerization process. Honbgeneous
supercritical polynerization should be distinguished

[0067] het Qluggnmiymaimﬁonrﬂeférsab P polymerizaionopmcessi i which
as_ for exanp supercrltlcal slurry processes, the
paatq%ateofswm @ﬁ YiRer derogienplan) Seofpes dni i denser flwigsor in a

G/, S@ngrfzg%we Bl e 985! fiuld Balymstization medium
can' e r?télﬁ ngeﬂkﬁﬁn@hﬁﬁkss hakh dhsPf ﬁ(ﬁtéu?gwfrﬁ\illﬁﬁj leld or

rom utlon rlzaflon the fte

ligaid/He e, rmdsupa:ralﬂld:alUfldxcHﬁlmM@l fleidi pokymerization medium.
supercritical polynerization system [0073] An in-line
Iny| 22 digjuindy vpper @oly raer zatiere aneding, nthueepelrymetroresn&swm tke liquid

(AR BT LS8 RO nER ks By RSy BRRSpencons
cptafisP opatfiEles RulciCat [ HcBRer MBHA ERalYS by ﬁs%béhhg& ftictaltocene
cbdaemls NghdP 1R ike S Thi ot pBlyen@ri®© yrédhct Epicatlyi adheres to the

trains using solution or honogeneous supercritical
hpterggeneionsit sadid wtaiyestspamcéesorthlmrfennfng laeslurry phase. Slurry

pol yneri zation trains may errp urry zati on

Pgﬁ’é?%fh%atloﬁarﬁm%ﬁﬁﬁl PPBIAR é’P }Eﬁ) %‘é‘f Mahase transition
i on bank i ncl udes one or

te?r“oﬁéerggﬁe °Wﬁ@8f’€rr8ﬁ9§%§%¥g‘ ains, the effluents of

those slurry trains are always heat edabove their
solid-fluid transition points and optionally
[@06&8]sur i Amdutherf polymérizatipn 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 polymerizarion comprises a
homogeneous liquid polymerization system in the reactor. The temperature of a
liquid polymerization system is below of its supercritical or pseudo supercritical
temperature, thus solution polymerizations are performed below the supercritical

temperature and/or pressure.

[0069] 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



themw th the effluents of other trains to enable
fluid-phase mxing. [0074] In-line polyner blend or
wo 008/1096040! end di scl osed herein refers to a mpedrareoskion2s9e
two or nore polyneric conponents, at |east one of
whi ch is produced under eithe®5honogeneous
supercritical polynerization conditions or honbgeneous
sol ution polynerization conditions. The polymeric
300"pANand Stafeenperatite emd piessurel drg dbovehihei cortéspending critical
bl endi ng process and are m xed in the sane process
vuasout recovering themin their solid state.
Optionally, the in-line blends may al so contain
addi ti ves produced outside the invention process, such

ast igJ . St:api L | QX . .
10T | By elizRli0n refef (¢ pRNishEHLHRH BrockiCin which the
dRABY Mlusd pblyPneriZatioh dydfdin eBftaiy leke ffan 4R Wt48Y0r Rs than 30 wt
l ess than 30% or |less than 20% or |less than 10% or
% coslesh dmnb29 wir%| eskess tizan 106Atyoper tess th4r0H &) %, or less than 1

Si ngl e-pass conpversign of nononmer / in regctor train j
Wis aepf nigrto gobveats o|Ipexki ﬁ%}VFBﬁSrrﬂrea:Cf@F?fﬁPée‘ga'%% their flack of

PG oR EPRSRc g PERHR, oot ot Bobterin,
sBRKnts Xa&DQ%?i‘EEHyPW@P&éarS&{bC eéHrﬁ?(_‘iiiﬁ ign toheefédrient atoms,
of reactor ain"j n weight fraction) x (nononer i

adeantapeously dnto 10; be Spwl §roarbgrr athms. Nate that theapolymerization
train j in weight fraction)] / 2\[{(reactpr train j feed
system mayealsp rontainrigertrdilienis that oy aekncorperate gre the product
hour) x,(nononer i copcentration. in the .feed. of .
pPRYBEG chey; nifey 4R PRy 1R B JEFeEs present in the
n{6iidHEr fdeas! FY)the gEJ rs@] of 8" &irt gf QANEFSstr&th inert diluents are

nononer / 1 n react ainj] is i ned by the
coasiderddgepararely arémetial linaro vobvenits) nthef latenasfe swhich rare added
reactor train j (% _ = 100 x [(reactor train |j effluent
inteotionally fon theit ghtlitgeto kespr thexpglyaieyiceprogiustsuin their dissolved
concentration in the effluent of reactor trainj in

S{ef-ght fraction) x (nonomer / concentration in the

pol ymer product made in reactor train j in weight

fraction)] / [(reactor train j

[0071] A homogeneous polymerization system contains all of its
components 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 system is not homogeneous when it is partitioned to more than



fresh feed flow rate, excluding recycled, in weight

per hour) x (monomer / concentration in the fresh feed
wooog/R@ed0r train j , excluding recycled, in Wweitai2008/002899
fraction)]. [0077] The total nononer feed rate of a
given train is equal to the srof fresh (nake up)
mononer feed rate plus recycled nononer feed rate in

wei ght per hour. [0078] The flow (feed, effluent,

mﬂnicbphmrcgetoed €luid had)a salid ﬁﬁsenmwﬁbnwgeﬁ&ﬁﬁﬁﬂufd state of
in wejg per hour is equal tothetotal flow (fe

the pgb;menzagto}msgstemr tfe represefitedwpyr dhe simglei ﬂmd p(hlqund or
h L fracti on of nonomner
S&’ﬁﬁ{%ﬂu@f}j ﬂ?‘ d) rFSU;;b‘]n %ﬁﬁ@%éf‘%ﬁaffht e of nmononer / in

reactor train j expressed in weight per hour is equal
to [(reactor train j effluent flowrate in weight per

00n2) x (HohiEencoioduSipenagal r diometPatibs ChEtient 1o
I:of rpeactor trai neJ in vverl)ght frac?ﬁsog) ex {n r e?‘ °© 2

Podymerizatien prodess trhwhich theepolpmed iscdissoided nmardeﬁgé Siipercritical

in / in a . ingle pass in weight fraction)]. [0080]
%ﬁ "}%Hﬁtlaﬁs@eﬂﬂﬁg sHeh Asntve riner soleentr er cmﬂonomer or their

b?ﬁ{@n%ur @16\%{ gliﬁé}%rlp g%lt S ¢ hag?p%{%fwvaﬁ){lyeor&l{]q%gghq supercritical
ﬂ&@@o@xﬁéni‘&tloﬁ sﬁﬁerﬁ%{on’taﬁﬁ? 1ds9 P46 bt &P le%% tl!i‘eﬁlt 30 wt %, or

| ess t'han 0.001 e process or in cer

l¢ssahian 30 wef ¥4, weress thanrldcwe g (ﬁ'tlésﬁllﬁan@f wY €556 l%s@fhan 1 wt %
roducts of the process. In general, one can refer to

0? hRerhsakyeat ap@élne pplymercisglissolved in the densersepermiticabfluid, the

tr t nomer pool in the, feedor in,
PRAASARH, LRI g o8 o BEW HRPRTrBRt shpebi SSCmenzation

pM&simnH%'io%ﬂ%qusu Pxecrﬁﬂ:t«ﬂ Cp?oof&gﬁ%ﬁon %118@1}? bgoggfﬁgulshed

pool of the duct a rea trarn or

frgmouhetepogafeoul e spperceisical epslymtiZzatioh§le sHeRONRS fBPOExample
pertains to the nunber and nature of the monomers it

S‘l‘l@ﬁ?’éﬁ@ﬂt gurryt presessenotheslattak of ovhibk age petformedrin supercritical

t|on f th nononers of the pol yner pool
ﬂtj & Cz)ry% ? erﬁrnpﬂﬁ’rﬁu ‘ﬁ?%s‘ﬁolﬂéﬁ | RQlymesizatign reactor.

Sihil4y 2 'E%ﬂ?hq{omégé}&tougonﬁip%%r?ﬁcalo 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.

[0073] An in-line blending process disclosed herein refers to one where the
polymerization and the polymer blending processes are integrated in a single

process and at least one of the polymerization trains operates under solution or
homogeneous supercritical conditions. Although in-line blending processes
typically employ polymerization trains using solution or homogeneous
supercritical polymerization systems, one or more of the polymerization trains
may employ slurry polymerization systems, particularly bulk slurry
polymerization systems. When the polymerization bank includes one or more

slurry polymerization trains, the effluents of those slurry trains are always heated



be a part of the nononer pool). Two or nore nonomer

pool s containing the sane and only the sanme nononers
woRoes/onsl dered to be identical or the sanme ewghig20dsiR2899

(hi gher than the m ninum threshol d) concentration or

the ratio of the nononmers in 1Xie pools are not the

sane. Naturally, a nononer is not present in a pool

when its concentration is below a defined threshold

abuvettheis solidyflwidngarbéti &t pbimtd end bpEoNally pr@sﬁﬁﬂédTBéfore mixing

tgool or considered to be part of a nononer pool

em vithdhe effhagnds of other gtadms tdmbﬂmﬂuctbphmdmxmg

t hreshol d. Two exanpl es of nononer pools are as

follows. (1) The nononer pool of a stream containing

907 1° PPy 3 o2 SRSTAYGRE B0 Bt o o

mb@ueosiWiEer 1R FBlyReet Softip oh@ﬁ‘l%t &Y 1ehstene of Wthh is produced
cont ai ni ng et hyl ene and pr opy ene, reactor train

unglet aigithey phomypemeouandsipereritiedl, polymerization tcamdltlans or
ont ai ni ng p[ﬂipyl ene has al so three nenbers: ethylene,
homegansaus sg lqsupe’r)/énera_zatm gonditipns. heThﬁ)p@b@nerpmpmponents

ey PR BB 0% e s
p?f)él%%' witRodh ‘ileéﬁ’lle?iﬂ ﬂh P&Fr S0P Tedte po@lptf&a{lga'tﬁk in-line

has one menber: opy note tha

bée:raispllnay gs®pyhaire addnmeq&nﬂuctdd abtsidentie i dlestion process, such
mer  pools (the pools of train 1, 2, and 3),

aﬁh@ astisizersr &4V étﬁblh%er&,alarmxadmmm preantskr of§#lingl | polymeric
0 081] Unredu or effluent

oHH R RONTRES BpaiBoL PRI, 1t i QU P oot 40%, or

léﬁeﬂihﬁ’ B0b5,2bifest Bghn 269PLRMEL tthgﬁ.thb/Q,Soryfetss Yan 5‘9, '#9ess than

phase separation I n one or nor i'gh pressure

186parvatight. , i.e., it contains the entire unreduced

pol ynmer i zati on systemas it enmerges fromthe reactor
train, leg, orbranch. As opposed to unreduced reactor

uent uced reactor effluents, are the
LG STer - SRELETHSS OBy PiH Of BIQNAGIT | i ACAHBY iraiRdids dafined by

eeﬁﬂf mgfﬁ)h%[hts Reduced reactor effluents contain
ess t e entire, unreduced polynerization system

as it energes fromthe reactor train, |leg, or branch.
In practical ternms, reduced effluents are formed by
Singlepass eenvansionaxfonomemer pir reagforttrain gl 00 x [(reactor train

J effluent flow rate in weight per hour) x (polymer product concentration in the
effluent of reactor train j in weight fraction) x (monomer i concentration in the
polymer product made in reactor train j in weight fraction)] / [(reactor train j
feed flow rate, including fresh and recycled, in weight per hour) x (monomer i
concentration in the feed of reactor train j, including fresh and recycled, in

weight fraction)].

[0076] Overall conversion of monomer i in reactor train j is defined by the

following formula:



and the optional inert solvent/diluent content in the

formof a nononer-rich stream In the practice of the
wad0esEdboydi scl osure, the separation of the saipgdT/us2008/002899

nmononer -rich effluent and thus the reduction of the

unreduced reactor effluent is2Berfornmed by phase

separation that generates the said nononer-rich stream

and the said reduced reactor effluent, the latter of

Oberall ¢onviehstofi @f Mofioep o lity Medcedy iraimed (%) e 200 xJ(fddchét train j

it yet another way, the unreduced reactor effluent is

effluenih8pw rasednoweight ipgehounek dpelyansr prsiduct ebnedmdration in the

fluent occurs,. while a reduced effluent is formed .
f‘iﬁfls?t of reaclor trging glpwetghtrfrjmoea &é’ﬁ@n%mef h&ORFgyHration in the

pi i [ .
AREE B dnq TR0 T 3B el 17y SR etlan)] / [(reactor train
Mbheﬁé&ieﬂloheaﬁﬁeg)rex@ﬁfdiﬂ@%cy@ﬂ“d—@éi?ﬁﬁ@@ MbueNx (monomer i
[ 0082] The nonomer recycle processes di sClosed herein
copeentratiomirc ting firesh ifeed wiftrbactbe tiaim J,i eveclodimigdrepheled, in weight
i%g{t%/)gsf bl endi ng processes described in detail in U S.

‘Appl i cation No. 60/876,193 filed on Decenber

20, 2006, herein incorporated by reference in its
entirety. [0083] One formof the inproved in-line

ss f ' | BB gted hin -
DT, T A TSRS S B o

fpeshvindikegup vmomonrarr feed eatet plus treeyoled enstiorger fddirate in weight
parall el and two or nore high-pressure separators
PﬁFbPHFy connected to the two or nore reactor trains
configured in parallel; (b) contacting in the two or
nore reactor trains configured in parallel olefin

rs 0 n ;
IDOTEF™ IR S, ADACEITRGS CRIQRTp AR M) e 8 ronomer
coniponente! in wajgltper hivak iosgualitonhe taiabflono@eed, effided) recycle,
optional one or nore diluents or solvents, wherein at
pusge et ridow) ratgein aveightr perr hpwe mydtipligd rbad then weaght! frattion of
IS at a tenperature above the solid-fluid
%‘P{H@éﬂ?‘gﬁg&?‘f A t enperature of the pol ymerization
system and a pressure no |ower than 10 MPa bel ow t he
cl oud point pressure of the polynerization system and

[0@79] t harCdibsivhaatenbPiminonddr /liAashctoneradd j eRpressed in weight
per hour is equal to [(reactor train j effluent flow rate in weight per hour) x
(polymer product concentration in the effluent of reactor train j in weight
fraction) x (monomer i concentration in the polymer product made in reactor

trainj in a single pass in weight fraction)].

[0080] Monomer pool describes the number and nature of the monomers
present not less than 1.0 wt %, or not less than 0.5 wt %, or not less than 0.1 wt
%, or not less than 0.05 wt %, or not less than 0.01 wt %, or not less than 0.001
wt % in the process or in certain feeds or effluents or recycle streams or vessels
or products of the process. In general, one can refer to the monomer pool of

reactor r, or the monomer pool of reactor train j, or the monomer pool in the feed



reactor trains includes an ol efin monomer that has

three or nore carbon atoms, wherein the polymerization
woses/aIndsor each reactor train is in its densediw2008/002899
state and conprises the olefin nononmers, any conononer
present, any diluent or solver®-present, any scavenger
present, and the pol yner product, wherein the catal yst
system for each reactor train conprises one or nore
arainathes¢fflueat of seactor erer of reaetc? tedihijy ak Phé méser pool of the
optionally, one or nore catalyst supports; (c) formng
eawrgmr@g@ase@r rthe dnenomer Ingehtofi the proidnet af koreagtorotain or of a

readlof gPOUIcorOL {15 PEESHr gt N ilr Qe BEBORER PRGN periains to the
iinhbdteIhd r{artﬁ’r@ S?thrm%ﬁg)ﬁ}eg%td%rﬁgé{gg%ﬁpnﬁl Ho&d nb'& speak to the

parale reactor trains

a@tity o2 seatic@n&ation a6 Oke mMShdthéy nbflghé HBEP S YeScent f
d;jnd glroessure \rfl\nthl n the one or m‘?re Hﬁ)p%'essffr Ye cept for

Ssép@ amunimahythreshodd develbeldwiwhich asmohbmuﬁ in@0 considered to
0| nt bu{JF bel ow t he cl qud poi nt pressure and

e?nRéFta? he monogieh RARD)-orTWeras mpte manomer paws seataining the

ST il AR5 R ORI R e s
eVenFf fHel Gh‘iigﬂéﬁh!i@ ﬂ@ﬁﬁnfrbﬁﬂ/tﬂf@ﬁ&(grc%ﬁ‘céﬁ]@atmn or the ratio of the

pol ynmer-rich phase in eac ne or
nivnpmersdaghe posbpatatoritke samtoNatanglyoh MBAGMEE Dﬁﬁ@tt Hdsent in
nmonomer -ri ¢ch phases and one or no ol ymer-ric

apRagle vheme yis: somgemtiagionhis belowra rﬂnf'medotl;rnﬂloldnamct ithds only

PR, RsBHE 181 TG DL SR LoidR & Bpart of o
nﬁfﬁd Sol'WRER g %oﬁ&erﬁpartﬁm%ﬁﬁghéi thfaﬁ‘?ﬁé ﬁéﬁ}lé@glﬁ%sﬁcﬂd Two

forma mxtureo e one or no nmerenric

epdmapkes afiiohbmed Pooly areaLiolvveyd u(:lqdmeeﬁﬁin@in&fﬁddl HaSstream
fromthe one or nore parallel reactor trains to forma

ceriaiing ¢tiylene aropylaneaand Hai-hexadiens bas three poémberst ethylene,
AT R Sl Sy e
180k AiRIn B{eeﬁﬁél’ gfl%ﬂ@ afe%g (Irotrralplr uﬁ)?)&%hﬁ?ggbpo%ylene and

and pro eed separ nmal nt

butenp4r, azmd eemdr RragA ST conthihitg pi'&?yléﬁ@t}fh@ralgb Ofhree members:
ressure separator of (f) above the solid-fluid phase

ety lans; Pi’@m’lp@ﬁ?,rﬁndabutemel-wadte thatothe monomeprpens widrain 1 has

tWo, (rjnetmebng)rs & iene and propylene, the monomer pool of train 2 has also two
members: propylene and butene-1, and the monomer pool of train 3 has one
member: propylene. Also, note that in this example, propylene is present in all
individual monomer pools (the pools of train 1, 2, and 3), therefore propylene is

called a common member of all three monomer pools.

[0081] Unreduced reactor effluent refers to the whole effluent stream
emerging from a reactor train, leg, or branch that has yet to undergo phase
separation in one or more high pressure separators., i.e., it contains the entire

unreduced polymerization system as it emerges from the reactor train, leg, or



forma fluid-fluid two-phase system conprising a
pol yner-rich bl end phase and a nononer-rich phase; and
wo(dops/fe@ar ati ng the nmononer-rich phase from t heT/us2008/002899
pol ynmer-rich blend phase to forma polyner blend and a
separ at ed nononerrich phase. “Pe pol ymer-rich bl end
phase is conveyed to a downstream finishing stage for
further nonomer stripping, drying and/or pelletizing
bran€hr tseoppoisydrto upraahiced rbactodefflifents redtedieastor effluents are
I n-1ine bl ending process inproves the resultant
the| RatEmepicoptpipghsteerms glepiyed nfsom the uhredpred enactonfeffluents.
onmers _as_a.sol vent, which aidg blending by reducing, .
Rpdicsdirggcton Srihienty shimaiiy s afan fhsomire eiediiped Bpfrastization
h R b ki : [ I .
PP8n B AEUFRr e OB O PR, (il 1088 PR IR Brbctical terms,
reuéetbe fiRZntnareUdemed (18) sapaeatind el FRoPingPpatt '0FdkE Rlonomer
trains configured in parallel and a high-pressure
apdptheaoptionrlwinert selivent/dilu¢nt cantemtc irethe dotrheoft mamonomer-rich
actor trains configure n parallel; (b)

STAG Pt RACHEC, 9l U PABREB rcisidbaire: g separition of the said
rigmEATEH ol B Fs e hehoB SFTHE upBBdd peecH efttuent s

PRYRIRIFE. by? ph &Rt depardti N thaf eH&ra?esCtﬂg‘%%H"H{oﬁon@r-rich stream and

optional “one or frore scavengers, an opti1onal one
the sawr eddiced eeactoneffdntetiteslattehef evtichtin| tha formansf ®fpolymer-
actor trains, configured indﬁar allel is at a

eflélﬁbt 85 r@& SeRme. attatieg élrﬁt@@ptlwrfww, pnaseéiwcdggaqwmfﬂuent is the
f ' [ .

e T e

ePl@&RYUS Fothed BRePat Yéﬁ?f bﬁ@tsgﬂpins\?(ﬁ(ﬁggcﬁﬂg of 3 liggf"ggmponents

1500 MPa, wherein at [east one of t reactor t

(moabotbes and thed eftionaldnemsolvenad/dident$)ure geove® fom the whole,
carbon atons, wherein the polynerization systemfor
uageduced seacder effwenti s in its dense fluid state and
conprises the ol efin nononers, any conobnoner present,

any diluent or solvent present, any scavenger present,

DEPAUDEDPOESCRIpAeAict . Wherein the catal yst system

fOr each reactor train conprises one or nore catal yst

[@082]ur soTheonroymePr fecgele Vigrooesses adibclidedOidréin, dPegate in
or, nore catal yst supports; (c) formng a reactor
cepjungtian Wit thedinnline fiwidrphaseepolynfdr bilehding peocesses described in

dBRIVIPUMSBARAt Application No. 60/876,193 filed on December 20, 2006,

herein incorporated by reference in its entirety.

[0083] One form of the improved in-line process for blending polymers
disclosed in U.S. Patent Application Serial No. 60/876,193 includes (a)
providing two or more reactor trains configured in parallel and two or more
high-pressure separators fluidly connected to the two or more reactor trains
configured in parallel; (b) contacting in the two or more reactor trains configured
in parallel olefin monomers having two or more carbon atoms with: 1) one or

more catalyst systems, 2) optional one or more comonomers, 3) optional one or



m xture in each parallel reactor train; (d) conbining

the reactor effluent conprising the honbgeneous fluid
worhaesmopal ynmer - nononer m xture from each par alpcalus2008/002899

reactor train to forma conbi ned reactor effluent; (e)

passi ng the conbi ned reactor -éftfl uent through the

hi gh- pressure separator for product blending arid

product -feed separation; (f) maintaining the

hergpscaierpersaadd ptesptival Wrichon nidie dil@ftPoL s6Mefits, wherein at

separator above the solid-fluid phase transition point

Ipagt apgl ofithe readpotrdinsatomfigured suparalleliist atraptemaperatre above the

SR e R S 0h A st o
E4REPRS 0, Yo OB WP IRE SbRRTBAM prespgeof e

potpRie iz @GoYSIER -anldC fesBNAAR - 1500 M, YWhkrdih Cdt Rh§iNBne of the
phase is conveyed to a downstream finishing stage for

reactoh tnaimspinshwedessar ofefimmondmer rthatahad thre@ ek Imdrezéarbon atoms,
to forma pol ymer product blend. The fluid phase,. )
Wherein the, pehanerzatiost sxsempfiarocach reastoretrain; inin its dense fluid

R R <oMnBA SOty R G Bet ot EmapaRE Prr g diluent
Of | soPRt Ipfedet ! Ay Ha%@ﬂgée‘lgdpr;eg&& ahd Qﬁé#gl %l?ﬁ%ﬁluct, wherein the

recycl e met hods “di scl o refn prov

cataipdtisystetn fecyadhereaetorartin fcomprises BpeWTANSrecO®ATSt precursors,

unconverted fromthe parallel reactor trains of the

an§- Pr HBOFY ACH VRIS e apd| 9ptianablye retien @r pmere seatalyst supports; (c)
escribed in U S, Patent pljcatiqn No., K 60/876,193 .

fORRE BB hhRaEFEd reacereffient Situding i hamagsnatp il phase

I ) oSeH ;i Cess t i - r .
p%?}gﬁg‘fﬁlg&ipr ocegggx?&%a?lt%i gﬁ{hard]d séll{lhééﬁeﬁﬁkﬁgﬁo@gr passing  the

uneediled reattopfilacatsafrphi 6A0I02 hore BRE not tForfiddlfl of the parallel
flui d-phase in-1ine polymer blending processes in )

roafiten teadh thiowgheone orpmoesa thigle-pressure fseparataysp omintaining the
one or nore reactor trains of the sajd.in-Iine

HNRAAMG JRoRESSIuE V('éal)“ 18 opesey OB biab-presswie segagntes above

el :ar 0 r nal f sai.
5 SO GHcolcaBoR ndR! Bl 185, B LHBAT N presure
temperatireooforaf ohd@r sadfe fluidslulll ewe-phiasé kpstems(With dagh two-
conmbi ned with t hemononer pool of the second group of

phasg sst¢ragomptisingzs golymndri-richl pheseard a monomer-enriched phase,
and separating the monomer-rich phase from the polymer-rich phase in each of
the one or more high-pressure separators to form one or more separated
monomer-rich phases and one or more polymer-rich phases; (¢) combining the
one or more polymer-enriched phases from the one or more high-pressure
separators of (d) with the one or more unreduced reactor effluents from one or
more parallel reactor trains to form a mixture of the one or more polymer-
enriched phases and the one or more unreduced reactor effluents from the one or
more parallel reactor trains to form a combined effluent stream that comprises
the polymeric blend components from all parallel reactor trains; (f) passing the

combined effluent stream of (e) into another high-pressure separator for product



pool and the nononmer pool of the second group of
trains (&) are the same. Stating it differently, when

wd tees/afobdguent s (or reduced ef fluent streans derdvies008/002899
fromthe effluents) of the said first group of reactor
trains (@) are combined wth3®he effluents of the
sai d second group-of reactor trains (&), the conbined
ef fluent stream essentially contains only nononers
bleadingr andr prrfiictifeed hepheeidnof(gh hafRhihise a8 dtedhititure and
of reactor trains (&). Stating 1t yet another way,
prigesuse fwigkint the( anothenl highdpressureesepasatore afi§f)dabsaveethe solid-fluid

fromthe.effl uent f the said first group of reactor
RHAF LSO RO Pl PEloHighR GO PovDEESHETR Ash dRBPoTature o

: - ff.l f i.d d
PO T80 546 o RHET L ol s
DméAoraedriER phaReC aRA| ﬂﬁdsephfhtﬂlggﬁfg;%?%fdrﬁﬁj-ria&zﬂgasg from the

these conditions can be“desScri b | ows:

redymer-xicizblead cphdseitp fonGR)polhaee b ard @23epagatetiemonomer-
nynber of nonmers in the conbi ned nononer pool of the
ffq%r fhageq oR@lyypetspicht bleagdc pbaset isiepnveyed o a downstream

Ashikp&sde ol BHRRE RN a1 PE 647 pellbhe to form o
AP prédiRe bledd. (o NARFPAKEAACACRlenifl Briless improves the

redwdtait polymercklend byebleading/pblymetsen HRNPFEENGOS fonomers as a
present in the individual reactor trains of @ can be
59[Y§H§MICBraldﬁ bleading by redusieg viscosityrimihedrlendiogstep.

present in the individual reactor trains of & are

al ways the same, although the nononer concentrations

no i ' 1T Y 0
190841 Pl K5 oy B4 Sk b dpP Rz olymers
disclosedainl UnS ! at&fic oyshlivatidns Sefial @96t B0/876193 (fludes: (a)

and &) can be one or nore than one. In practice, the
Preividing byo s auors reactomigainelconfignred in phmallel aad ahiphppressure
eacéor trains _of . the in-| i(ge fluid phase pol yner

S%;aé'h{ﬂrn owpgg%eggeﬂﬂgly gapngsted, e, thedwor g cmorg Or@p_,ctor trains
e PR el D cBapting BB aBlre AR broif bgured
ottt SR S Ol e o
more catalyst systems, 2) optional one or more comonomers, 3) optional one or
more scavengers, and 4) optional one or more diluents or solvents, wherein at
least one of the reactor trains configured in parallel is at a temperature above the
solid-fluid phase transition temperature of the polymerization system and a
pressure no lower than 10 MPa below the cloud point pressure of the
polymerization system and less than 1500 MPa, wherein at least one of the
reactor trains includes an olefin monomer that has three or more carbon atoms,
wherein the polymerization system for each reactor train is in its dense fluid
state and comprises the olefin monomers, any comonomer present, any diluent

or solvent present, any scavenger present, and the polymer product, wherein the

catalyst system for each reactor train comprises one or more catalyst precursors,



shoul d be understood that as all reactor trains of the

in-line fluid phase polyner bl ending processes
wohosgi@ead herein, the one or nore reactor tradisuRhosido2s9o

are configured in parallel relative to the one or nore

reactor trains of Q. The A &dd & reactor trains are

also fluidly connected to one another. The total

nunber of reactors in the parallel reactor bank nmay be

@y orumoee , acivatorsglantiobpe6emaldyTi 6né s fitiret EtaR¥IM@pports; (c)
of reactors should be maintained as | ow as the desired

forming ta geaeter s¢ffluentiidchiding a dpaoogencalis <()ﬂ1|3id Phase polymer-
al SO

ABHBEELMUEL iAot 3618, ohlaibrbgmbiin the rector
' ' qNgl neerin .
AR VAR MR S B hggmenomer mixue
fromai @rhl paraliélerepeloy TRiih 28tbAR-PESRTINRE Rhékt e?ﬁﬂé}rﬁ? (e) passing
rocesses described in U S. Patent Application .
tE@/c@mbinee readtor edfleentpthrouglhhthe high-peessuzatéparator for product

reagtor trains or legs both in the first (A) and in
blepding . and) predycigfasdy separatign: dif) tnaintainingotks demperature and

, t rains/| t or. .qrayp ,na ..
R S R ol Gl 3 s R AR wansion
. i - st.at . .
it oS  ad JOHE oA SRR i it
two-phase dyisteind cohgrisimg laypelynidraieh Biendr psSAR a monomer-rich
escribed in U 'S Patent Application No. 60/876, 193
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[0085] The novel recycle methods disclosed herein provide for simplified
recycle methods for the monomers emérge unconverted from the parallel reactor
trains of the in-line fluid phase polymer blending processes described in U.S.
Patent Application No. 60/876,193 (will be referred to herein as the in-line fluid
phase polymer blending process or the in-line polymer blending process).

_ Particularly, the novel monomer recycle methods are applicable for use with said

fluid-phase in-line polymer blending processes in which each monomer
component fed to a first group of one or more reactor trains of the said in-line
blending processes (G1) is also present in the feed of a second group of one or

more trains of the said in-line blending processes (G2) so that when the

monomer pool of the said first group of trains (GI) is combined with the
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the first (d) and second (&) groups
line fluid phase polymer blending process, respectively. The monomer pools

present in the individual reactor trains of G/ can be the same or different.
However, the monomer pools present in the individual reactor trains of G2 are
always the same, although the monomer concentrations or monomer ratios may
be different (but may also be the same). The number of reactor trains both in the
first and in the second groups of reactor trains (G/ and G2) can be one or more
than one. In practice, the number of reactor trains belonging to the first group of
reactor trains of the in-line fluid phase polymer blending processe (G/) can be
one, two, three, four, five, or more. Similarly, the number of reactor trains

belonging to the second group of reactor trains of the in-line fluid phase polymer
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ADEERn No. 60/876,193 filed on December 20, 2006, the disclosed novel
monomer recycle methods provide for a simplified and thus advantaged
monomer recycle method for the monomer recycle streams. In all embodiments
of the novel recycle processes disclosed herein, the monomer recycle streams
recovered from the product streams of G/ before mixing them with any of the
effluents of G2 are recycled to G/ while the monomer recycle streams recovered
from the mixed polymer-containing streams of G/ and G2 are recycled to G2.
Since the mixed streams that contain monomers originated both from G/ and G2
are recycled to G2, the disclosed novel monomer recycle methods also ensure

that the monomer component recycle rates in the recycle stream originated from
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of {h%cr%?xsmg point of the polymer-containing effluent streams of G/ and G2 are
recycled to the second group of reactor trains (G2). Optionally, some parts of
the monomer recycle streams are purged from the system to control the buildup
of light inert components, such as light alkanes (methane, ethane, propane, etc.),
nitrogen, etc. Since these purge streams typically also contain monomers, the
rate at which monomers are recycled to G2 are typically somewhat lower than
the combined reactor effluent flow rates of those monomers. Note that since at
least as much of the monomers common to the first (G/) and second (G2) groups

of reactor trains is consumed in G2 or removed in the optional purge streams as

much brought in by the effluents from G, there is no excess monomer inventory
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the weeydlensteeims:d) Thesel iarnbedineats; however, nrequire the combined
unreduced effluents of the first group of reactor trains (G/) deliver monomers at
rates not higher than the combined purge rates of the corresponding monomers
for the entire process plus the combined conversion rates of the corresponding

monomers in the second group of reactor trains (G2).

[0088] In other embodiments, the combined effluents of the earlier-
described first group of reactor trains (G/) of the in-line fluid phase polymer
blending process carry one or more monomers at rates higher than the combined
purge rates of the corresponding monomers for the entire process plus the

combined conversion rates of the same monomers in the second group of reactor
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& no excess monomer flows into the recycle streams sent to G2.
It means that after removing the monomer excesses, the combined polymer-
containing product streams originated from G/ deliver monomers to the
blending point with the effluent streams of G2 at rates that are not higher than
the combined purge rates of the corresponding monomers for the entire process
plus the combined conversion rates of the same monomers in the second group
of reactor trains (G2). The monomer-rich recycle streams emerging from or
downstream of the mixing point of GI and G2 product streams are recycled to
G2. Consequently, at least a part of the monomer content of the product streams

from G/ will be delivered to G2. Note that since no excess monomer is brought
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toward G2. Naturally, since no foreign monomers are present in these
monomer-rich G/ recycle streams, there is no need for monomer separation
before their recycle to the appropriate reactor trains of G/. The reduced
polymer-enriched streams along with other (unreduced) product streams of G/ in
turn are mixed with the (unreduced) product streams of G2 to ultimately yield an
in-line polymer blend product. The reduction of the effluents originated from
the first group of reactor trains (GI), i.e. the recovery of excess monomer
streams recycled to their corresponding reactor trains belonging to GI, is
controlled by adjusting the temperature and pressure of the phase separator so
that the combined flow rate of each monomer component derived from G/ and

blended with the product streams of G2 is not higher than the combined purge
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They may also be partially or fully be purged from the system to control the
buildup of undesirable components. Note that monomer recoveries in the
disclosed processes are achieved by phase separations as opposed to the
conventional cryogenic distillation required for the separation of monomer
recycle streams emerging downstream of the point where the product streams of
G and G2 are mixed. Phase separations are simpler, require lower investment,
and operate with less energy, making the processes disclosed herein
advantageous over the conventional recycle methods requiring costly distillative

separation and recovery of the individual monomers.
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pool s of the feeds to
product streams originated from G/ and G2 are recycled to G2. The polymers
made in G/ may have the same or different average molecular weights,
molecular weight distributions, melting and crystallization behaviors, melt
viscosities, compositions, composition distributions, or combinations thereof.
The second group of reactor trains (G2) makes copolymers containing two or
more monomers that all have identical monomer pools and the feed monomer
pool of said second group of reactor trains (G2) comprises each monomer
present in the combined feed monomer pool of the first group of reactor trains
(G1). The polymers made in the second group of reactor trains (G2) may have
the same or different average molecular weights, molecular weight distributions,

melting and crystallization behaviors, average monomer concentrations,



the trains of G nmay be the sane or different as |ong
as the earlier-set N(A + @) I_ N(fGZ%hand N(G) N&R)
ns for the nononer pools o e PCT/US2008/002899

W(?g?ﬂ%‘rmdefl ned first (d) and second (&) groups of

reactor trains are net. For ex@nple, the reactor

trains in d may all make the sane honopol yner (e.g.,

pol ypropyl ene, or polyethyl ene, or pol yhexene-1,
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Gearkieste mﬁaﬁ; qrﬁéh@ siBpler angsiameng sbesovél rebycle processes

disclosed herein in that they apply a single high-pressure separator to separate
and recover a monomer-rich and a polymer-rich phase while blending the
monomer and polymer components originated from G7 and G2. Since this high-
pressure separator serves both as a separator and a blender, it is also referred to
as separator-blender. The monomer-rich stream emerging from the separator-
blender is recycled to G2 while the polymer-rich stream emerging from the
separator-blender is sent to the finishing section for further monomer and lights
removal. The monomer recycle streams emerging from and downstream of the
separator-blender may be purged to control undesirable heavy and light

components, such as solvents, inert alkanes, N,, excess catalyst killers, etc.,.



correspondi ng nononers for the entire process plus the

conbi ned conversion rates of the sane nononers in the
wosRe9@ogr oup of reactor trains (G). Stating pdr/us2008/002899
differently, one or nore nononers are present in

excess in the effluents of A-43As in all enbodi nents

of the novel recycle processes disclosed herein, the
nononer recycle streans recovered after mxing all the
tuforuttey sire 8enBbavki 1ol fleal @he Sécond@roap bfEda@betrafzy AN6® that in
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howesss, requéiredths adonstside g nmrediwed effloonss dftheefsegsoup of reactor
mpnoner streans fromthe effluents of A prior to
traIng 2§1 ) delixer monemersiiat satep aop heghesithan rtﬁmgmcbunezdzpurge rates
renpved excess nononer .streans are recycled t .
Fhed SRR TSR oS et e RioBRRLplos the combined
R Fie TR EOUEMAE ot M the TEBGHTF ffoup of reactor
teaine6@G2yrononer recovery i s achi eved by phase

separation perforned in high-pressure separators as
described in U S. Patent Application No. 60/876, 193.
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detdihdni U.S10PatenesApplicution: Né.086/876L 193, el BEMBEE of monomer
streanms sent to G2. It neans that after renoving the

croeOnsntse it @asyeef therenenomendolsobf the deedsaitmithg first group of
roduct . st ns originated fromd deliver nongners tq
rEROT Tl @p@ambwe% OF frRorgr 41, g moneEIsEPasts eb thy feeds to
¢ . .
tﬁ@tr%ﬁlso{)‘ﬁblaﬁl%g%gﬂgon ¢ of Niiftelddf agggﬁé{%qhg lé%ﬂfeé-set N(GI +

rates the c ! I nNg rmnorre_rs e en
(P2)0eNBGP) Wndt NEGIP I NETL)C 8o EiEidh® Tof %h@smeﬁoxtn'(a? of the

nmononers 1 n the second group of reactor trains
eatlerrdeforedr first (6 /) angl ceeorsd (€2rgreupsr of raactbevirding atgmmet. For

example, the reactor trains in G/ may all make the same homopolymer (e.g.,

polypropylene, or polyethylene, or polyhexene-1, etc.), or the same copolymer
(e.g. ethylene-propylene or ethylene-butene-1, etc. copolymers), or may make
more than one homopolymers (e.g., polyethylene and polypropylene) or more
than one copolymer, (e.g., ethylene-propylene and ethylene-butene-1, etc.,
copolymers), or some may make a homopolymer and others may make
copolymers in any combination, as long as the monomer pools of the feeds to the
reactor trains in G2 comprise all members of the combined monomer pools of
the feeds to the reactor trains in G/. As in all embodiments of the novel recycle

processes disclosed herein, the monomer recycle streams recovered after mixing



of the mxing point of @ and & product streans are
recycled to &. Consequently, at least a part of the
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delivered to Q. Note that since no excess nonomer is
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AGl in talegmblodimbatsr of ahe efbved @eyck Prloresses eMEREEd Sherein, the
or @ separators throughout the current disclosure.

nRaeWAri necyche straasns gpaovdred afier aniximg ealirthempreduath streams
onsitg{n%?eras frto(l)n G1 and G2 are recycled to only one selected group of reactor
trains, G2. Since such recycle method would lead to a buildup of the excess
monomers in G2 in these embodiments, the excess monomer flows need to be
removed by phase separation before mixing the product streams originated from
G and G2 and thus before they are recycled to G2. Therefore, in embodiments
where the combined effluents of G1 carry one or more monomers in excess, the
disclosed processes remove the excess monomer streams from the effluents of
G1 prior to mixing the effluents with the product streams of G2. The removed
excess monomer streams are recycled to their corresponding G reactor trains

without separating and recovering the individual monomers present in their



G ensures that no excess nononer streamis directed
toward G2. Naturally, since no foreign nononers are
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poist Weﬁﬂ the pmdelahsﬁamnguquGf ramch &Be Typlcally, the hlgh-pressure

arator-ble
phas% separators app?led to reduce one or more effluent streams of reactor trains

of G1 are used to treat the effluents of individual reactor trains of G/. However,
when G/ has more than one trains with the same monomer pools, their effluent
streams may optionally be combined before phase separation to remove the
excess monomer flow. In no instances, however, may two or more reactor train
effluent streams of G/ be combined to perform the removal of the excess
monomer streams for recycle to a reactor train in G/ if the monomer pools of the
reactor effluents involved were not identical. If the effluents of two or more
reactor trains of G/ are combined before the removal of the excess monomer

flow, the recovered monomer stream can be recycled to any one of the originator



is sent to the finishing section of the in-line

bl endi ng process disclosed in U S. Patent Application

wOoNDos/909376, 193. The nonomer-rich streans enerpgitng2008/002899
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corespending readter dtagns befongingl tooGds is epatmiled- by exdjesting the

W need t o, point .
temperature and ICfaressure of the phase separator so that the combined flow rate

of each monomer component derived from G/ and blended with the product
streams of G2 is not higher than the combined purge rate of each said monomer
component for the entire process plus the combined conversion rate of each said
monomer component in G2. The adjustment of the conditions of the phase
separators for recovering the G/ monomer recycle streams can be readily
performed by using standard chemical engineering techniques, including phase
behavior measurements, well known in the art. The product-containing streams
of G/ and G2 are combined upstream of or in the high-pressure separator

downstream of the last G/ phase separator as described in described in U.S.



out that in our descriptions the separator-bl ender
designation is reserved to this one unique, readily
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earlier nentioned optional separators sending
nonomner -enriched streans to rdadctor trains in @ are
never call ed separator-blenders in our descriptions
even if their function is to conbine two or nore
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66}38%%5 1%r3 1;1sr 6tlflen Sﬁr(gtr h?g -%lrgsr;%;e; nglgailrgtnort arlr?liog;’the serially connected
separators that combine all the polymer-containing effluents of G/ and G2. It is
also important to emphasize that the monomer-rich effluents originated from and
downstream of the said separator-blender are recycled to the second group of
trains (G2) and not to the first group of reactor trains (G/). The monomer-rich
streams recovered by the single-line G/ separators upstream of the said
separator-blender, on the other hand, are always recycled directly to their own
reactor trains belonging to G/ (also without monomer separation). The
destination of the recycled monomer stream recovered in a high-pressure

separator, therefore, divides the high-pressure separators into two groups: one
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recovering some or all of the nononmers fromthe
costhycdistillativ¢ separation and recovery of the individual monomers.

[0091] In other embodiments of the novel recycle processes operating iﬁ
conjunction with the in-line fluid phase polymer blending processes described in
detail in U.S. Patent Application No. 60/876,193, the feed monomer pool of each
reactor train of the first group of reactor trains (GI) has only one monomer
member. The monomers fed to the different trains of the first group of reactor
trains (G7) may be the same or different. In these embodiments, the members of
the first group of reactor trains (G/) are also referred to as homopolymer reactor
trains or homopolymer trains or homopolymerization reactor trains or

homopolymerization trains. The homopolymers made in the homopolymer
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the different trains of the fitst group of reacto
the combined conversion rates of the corresponding monomers in the second
group of reactor trains (G2). The monomer-rich recycle streams emerging
downstream of the mixing point of the polymer-containing effluent streams of
G1 and G2 are recycled to the second group of reactor trains (G2). Optionally,
some parts of the monomer recycle streams are purged from the system to
control the buildup of light inert components, such as light alkanes (methane,
ethane, propane, etc.), nitrogen, etc. Since these purge streams typically also
contain monomers, the rate at which monomers are recycled to G2 are typically
somewhat lower than the combined reactor effluent flow rates of those

monomers. Note that since at least as much of the monomers common to the

first (G/) and second (G2) groups of reactor trains is consumed in G2 or



trains (d) may be the same or different. In these

enbodi nents, the nenbers of the first group of reactor
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honopol yneri zation reactor trafns or .

honmopol yneri zati on trains. The honopol yners made in

t he honopol yner trains can have the sanme or different

remewved én it eptibaal pviriggstieamstdsanutiabrowdtalih by the effluents from
distributions, nelting and crystallization behaviors,
(bl theresiodia jexsess onpoemer omyeniory chuibdumtino72 even without

SBHBENE 208 Top e sohF 08 afl fehe @pnosérs TEp She actor effluents
or $86thQhe (stRRAR &’éri\?eqpﬁjloWe fera@{d}sefﬁpgﬁt%gégfﬁtég§§fihg ‘them to

reactor trains or copolynerization

G2pThyseémbblidherfth lar€ tHEXihipler Siitantlg MRNVRI ré&8RIS processes
(i.e., conposed of the exact same nononers) and t'he

disohesedr hegreui inthatathdy apply wnsingleahighrpressirasep@ajor to separate
ca ri ses each nononge pr(fsent i n the, conbi ned .pononer.
ap ran

of€cg¥ex e TMRRRIPST-A #A polymey-richhphasg) whiles blending the

' ' . th . .
o P BOARS b S APRIE RO A S ine s igh-
pRMBUAISPHPARE Yeies WItR Ak B sepatA6HhRd aVBIEAM:, it is also referred to

distributions, nelting and Crystallization behavi ors,

asskeparataeblendere s Theverongeeraidrsiream remergisg ifroma, the separator-
onposi tion distributiaons, or conbination thereof, For
b%ué,repmleﬂoﬁ%&ﬂ yrhile daspelyaeptch mtwem emerging from the

AT TR e ————
r&th8Pyll eTRe ?ﬁér?d]ﬁéxlrec?ff:leoﬁf’%@ Etﬁﬁgﬁggﬁ? eréé'gfs)g!r)\l)('gggeam of the

etc. The conbi ned effluents of

séparatordrlengeroimayealsd opurigedi 05 ¢ddtpolc andysifibde Ohed¥Br éand light
mononers at rates higher than the conbined purge rates
componentsospek msnselvgnispinemtralkangs, e eneess samlysekilers, etc.,

us .t he conbi ne onversion rates of fhe sane. .
bR oG afenseny, gk SO Red s bohRd EEuth of rébelit TeaipgsmNote that in
t j i+f f n n a .
Sprlgs%rﬂtgo?%n%ggc’egési %‘{‘%ﬁﬁ’é’? erf ?teeﬁéfcol GW,@ ti {;]é?:glvlermg them
irtoiitialle rtbefors ot Aftenthecprodacy stréanis 0f €55 88d ' X ate0ffiked saving

herei n, the nmononer recycle streans
substantial capital and operating costs as compared to methods that separate and
recover the individual monomers from the recycle streams. These embodiments,
however, require the combined unreduced effluents of the first group of reactor
trains (G/) deliver monomers at rates not higher than the combined purge rates
of the corresponding monomers for the entire process plus the combined

conversion rates of the corresponding monomers in the second group of reactor

trains (G2).

[0092] In other embodiments of the novel recycle processes operating in
conjunction with the in-line fluid phase polymer blending processes described in

detail in U.S. Patent Application No. 60/876,193, the feed monomer pool of each
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streans mxed with the effluents of no excess
Compesitiony distritisioasmoabmeombinatiats thereof. G2 Buenexample, the

homopolymer could be polypropylene and the copolymer could be ethylene-

propylene or propylene-butene-1, or propylene-hexene-1, or propylene-octene-1,
or propylene-decene-1 copolymer, etc. The combined effluents of the earlier-
described first group of reactor trains (G/) carry one or more monomers at rates
higher than the combined purge rates of the corresponding monomers for the
entire process plus the combined conversion rates of the same monomers in the
second group of reactor trains (G2). Stating it differently, one or more
monomers are present in excess in the effluents of G/. As in all embodiments of
the novel recycle processes disclosed herein, the monomer recycle streams

recovered after mixing all the product streams originated from G/ and G2 are
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before their recycle to the appropriate rains
efluent streams rafdui2 adl rates yinatrare mot bightr sharedscahbiigd purge rates
of the corresponding monomers for the entire process plus the combined
conversion rates of the same monomers in the second group of reactor trains
(G2). The monomer-rich recycle streams emerging downstream of the mixing
point of G/ and G2 product streams are recycled to G2. Consequently, at least a
part of the monomer content of the product streams from G/ will be delivered to
G2. Note that since no excess monomer is brought in by streams mixed with the
effluents of G2, no excess inventory of those monomers builds up in G2 even
without recovering some or all of the said monomers from the monomer-rich

recycle streams recovered downstream of the said mixing point between the

product streams of G/ and G2. Typically, the high-pressure phase separators



wi th other (unreduced) product streanms of G in turn

are mxed with the (unreduced) product streans of @&
wo PosHdopgyat el y yi el d an in-line polynmer bl end permoag26ds/002899
. The reduction of the effluents originated fromthe

first group of reactor trainssd ), i.e. the recovery
of excess nononer streans recycled to their .
correspondi ng reactor trains belonging to @, is

apphiedab lredudeyorrelpiatore ¢fflhait smeamstofirea @b AR SHUGE apd used to
t he Ehase separator so that the conbined flow rate of
teeat HhefBuents cofhjrshividuali eedoten trainsno 3G Jan#dvevetesvhen G/ has

ith.the product streans of G is not higher than the
%%?h@@&&ﬁ@@sr‘mtb the samemomPmer oM, heis RIDAEM streams may

%ﬂgﬁgggkiﬁeec%ﬁﬁﬁﬁﬁsbgopé ha& &8)'{?#{},%%00%&2%}}%2?%%5 monomer

sal nononer cofrfponen

fidw! A mofitdicesshowel&te nbliadifo D8 RRGrR IRAStot ¥ain effluent streams
recovering the nononer recycle streans can be
afe@dibleycqrabinedrtedpdrfomns ithg ramenalasfithehewesaimonomer streams for

engi neeri ng techni es, includin hase behavi or
TRENRIE 8 A AFASIORIRIN kindih if fhe MeoRemer mols of the reactor effluents

RO BT, TERRF e Bl BERuShs i oF Bins of G
ag® WaaibigeMRorehthel ASho Wl PhaRe fc%%ﬁﬁé&hg@? £ PR overed
in described in U 'S. Patent AppFI cation .

o @ié; $tihm Sanbe rebydeditghnpoas ftke 6£pRiatdofcabs tains of G/
dual function separating a nononer-rich streamfrom a
0p gtanhe -split rrmeeng: dhemni Toeproper shoickecan hondstermised by mass

AP SRR S KBRS kSRS B ihring. A
PR 5, ¢ RS L LOTMURE: erin oy he removal

ofingkcebh enonamerne frongcthe! feastoreéfffets bFeGWB%%?fdfﬁMng phase
be purged to control the buildup of undesirabl'e heavy

sepafatippht durtg onbiehs a gnemomer-vigh epbascolandnias reduced polymer-

tal.yst killers, .1.ight .al kanes, etc. The polypger-rich
C§$?§Hﬁ§éﬁ€iyﬁ?e{ge‘?‘ﬂ%‘m% tRhase 3¢ recoverndetrglr thesedlyents gf one or

P8 g SRR 7 4108 HSOHR 2 R8s o
pétfermod onestreantod ginatsbexilasigeofremeatioparaind of T, they will
separat or - bl ender nmay be conbined with the
bauatareed to a5 Gt pbase separgtans, ér G sdparators throughout the current
dise oas{l?et.oiietélygﬁgg rthéc %Husr-seeC a(r:alltgd to%e%zr' m‘(l)’lrﬁee%orlr%);ngl_ggh l:s)tereams to
G ensures that no excess monomer stream is directed toward G2. Naturally,
since no foreign monomers are present in these monomer-rich G/ recycle
streams, there is no need for monomer separation before their recycle to the
appropriate reactor trains of GI. The reduced polymer-enriched streams along
with other (unreduced) product streams of G/ in turn are mixed with the
(unreduced) product streams of G2 to ultimately yield an in-line polymer blend
product. The reduction of the effluents originated from the first group of reactor
trains (G/), i.e. the recovery of excess monomer streams recycled to their

corresponding reactor trains belonging to G/, is controlled by adjusting the
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P%?esn%r}\%%iiggt?or? Vﬁg. igO/gpbe,ilr%. The monomer-rich streams emerging
downstream of the separator-blender may be combined with the monomer-rich
stream emerging from the separator-blender for recycle to G2. They may also be
partially or fully be purged from the system to control the buildup of undesirable
components. Note that this embodiment corrects for the monomer excesses
present in the combined effluent streams of G/ and G2 by partially recovering
the excess monomers by phase separation prior to blending the polymer-
containing product streams of G/ and G2 in the separator-blender of the process
described in U.S. Patent Application No. 60/876,193. Note also that the said

separator-blender of the process described in U.S. Patent Application No.
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trains in G/ are never called separator-blenders in our descriptions even if their
function is to combine two or more reactor train effluents. Instead, they are
referred to as G/ phase separators or G/ separators. It is important to point out
that monomer recoveries in the disclosed processes are achieved by phase
separations as opposed to the conventional cryogenic distillation required for the
separation of monomer recycle streams emerging downstream of the point where
the product streams of G/ and G2 are mixed. Phase separations are simpler,
require lower investment, and operate with less energy, making the processes
disclosed herein advantageous over the conventional recycle methods requiring

costly distillative separation and recovery of the individual monomers.
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hexene-1, or propylene-octene-1, or propylene-decene-1 copolymer, etc. The
flow rate for the monomer is not more in the combined effluents of the first
group of reactor trains (G/) than the combined purge rates of the corresponding
monomer for the entire process plus the combined conversion rates of the
corresponding monomer in the second group of reactor trains (G2). As in each
embodiment of the novel recycle processes disclosed herein, the monomer-rich
recycle streams emerging downstream of the mixing point of the polymer-
containing effluent streams of G/ and G2 are recycled to the second group of

reactor trains (G2). Optionally, some parts of the monomer recycle streams are
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ag@npehtse removal. The monomer recycle streams emerging from and
downstream of the separator-blender may be purged to control undesirable heavy
and light components, such as solvents, inert alkanes, N,, excess catalyst killers,
etc., before they are sent back to feed the second group of reactor trains. Note
that in such embodiments, the monomers are recycled without recovering them
individually before or after the product streams of G/ and G2 are mixed saving
substantial capital and operating costs as compared to methods that separate and
recover the individual monomers from the recycle streams. These embodiments,
however, require the combined unreduced effluents of the first group of reactor

trains (G/) deliver the monomer at rates not higher than the combined purge

rates of the corresponding monomer for the entire process plus the combined
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same or different average molecular weight, molecular weight distribution,
average monomer concentration, composition distribution, or combination
thereof. For example, the homopolymer could be polypropylene and the
copolymer could be ethylene-propylene or propylene-butene-1, or propylene-
hexene-1, or propylene-octene-1, or propylene-decene-1 copolymer, etc. The
combined effluents of the earlier-described first group of reactor trains (GI)
carry the monomer at rates higher than the combined purge rates of the
corresponding monomer for the entire process plus the combined conversion
rates of the same monomer in the second group of reactor trains (G2). Stating it

differently, the monomer is present in excess in the effluents of G/. As in all
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t he separation processes disclosed herein achieve the
thee faomomer excess, the combined polymer-containing product streams

originated from G/ deliver monomer to the blending point with the effluent
streams of G2 at a rate not higher than the combined purge rates of the
corresponding monomer for the entire process plus the combined conversion
rates of the same monomer in the second group of reactor trains (G2). The
monomer-rich recycle streams emerging downstream of the mixing point of G/
and G2 product streams are recycled to G2. Consequently, at least a part of the
monomer content of the product streams from G/ will be delivered to G2. Note
that since no excess monomer is brought in by streams mixed with the effluents
of G2, no excess inventory of those monomers builds up in G2 even without

recovering some or all of the said monomer from the monomer-rich recycle
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Pat ent Application No. 60/876,193. Since this

& gnsweégatmowpassamnom sirechnna lis ﬂunctedoﬁmward G2. Naturally,
since no foreign monomer is present in these monomer-rich G/ recycle streams,
there is no need for monomer separation before their recycle to the appropriate
reactor trains of G/. The reduced polymer-enriched streams along with other
(unreduced) product streams of G/ in turn are mixed with the (unreduced)
product streams of G2 to ultimately yield an in-line polymer blend product. The
reduction of the effluents originated from the first group of reactor trains (G1/),
i.e. the recovery of excess monomer stream recycled to their corresponding
reactor trains belonging to G1, is controlled by adjusting the temperature and

pressure of the phase separator so that the combined flow rate of the monomer

component derived from G/ and blended with the product streams of G2 is not
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sty rerglrergsitnrgefzf‘(r)nmrtﬁg %\elga{rg‘([jori-bqegdgri t%lg }ggy% g tuor 82. They may also be
partially or fully be purged from the system to control the buildup of undesirable
components. Note that this embodiment corrects for the monomer excesses
present in the combined effluent streams of G/ and G2 by partially recovering
the excess monomers by phase separation prior to blending the polymer-
containing product streams of G/ and G2 in the separator-blender of the process
described in U.S. Patent Application No. 60/876,193. Note also that the said
separator-blender of the process described in U.S. Patent Application No.
60/876,193 is the first high-pressure separator among the serially connected

separators that combine all the polymer-containing effluents of G/ and G2. It is
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r¢iggred to as phase separators or G/ separators. It is important to point out
that monomer recoveries in the disclosed processes are achieved by phase
separations as opposed to the conventional cryogenic distillation required for the
separation of monomer recycle streams emerging downstream of the point where
the product streams of G/ and G2 are mixed. Phase separations are simpler,
require lower investment, and operate with less energy, making the processes
disclosed herein advantageous over the conventional recycle methods requiring

costly distillative separation and recovery of the individual monomers.
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equal to ithe mumber eafSmomoonars inrthe ntopoyymerization reactor train. The
flow rate for the monomer is not more in the first reactor train (G/) than the
combined purge rates of the corresponding monomer for the entire process plus
the combined conversion rates of the corresponding monomer in the second
reactor train (G2). As in each embodiment of the novel recycle processes
disclosed herein, the monomer-rich recycle streams emerging downstream of the
mixing point of the polymer-containing effluent streams of G/ and G2 are
recycled to the second group of reactor trains (G2). Optionally, some parts of
the monomer recycle streams are purged from the system to control the buildup
of light inert components, such.as light alkanes (methane, ethane, propane, etc.),

nitrogen, etc. Since these purge streams typically also contain monomers, the



buil dup in G even w thout separating and recovering

sonme or all of the nonomer fromthe reactor effluents
wPdood/[@p04t he streans derived fromthe reactor pfffiidi66i692899
before recycling themto &Q. These enbodi nents are the

si npl er ones anobng the novel t®cycle processes

di scl osed herein in that they apply a single

hi gh- pressure separator to separate and recover a
raeatrevhich olloreordes drelreopcled ab Ghase typichRy BoaiedvH¥ lower than
t he nopnoner and pol ymer conponents originated from@
thgFombingd xeacton effluang floy aates iof theseameanomessr Wate thatrsince at

835 RREh 3 Mg Eiknomer iodnmonduhe Firdh (LD anshiccead §Gi7) eroups
df ﬁ%qbfo'i‘%a?ﬁpf’sr S¥unfeRdE ¢ Bﬁ)%?l ifidht %pﬁ%n%bﬁr%etsl%reeams as
pol yIer-r1 ch StTeam energrng fromthe

mapk bedwpht bh ©ydhe efBuaffrdm G Nehére's 56 ddesehbhemet Mventory
further nononer and |lights renoval. The nononer

huildppl én sG2eaven emitheiitngeparating rahdd oeewsierimgmsomet be all of the
urged to control wundesirable

RO ROpek AP A fCaCRTIB ARG Or Joarn ths SSEAMEeEived fiarn the reactor
il ic. befqgre.

B cEYERRZ 1A U154, KDL Rnofiienss B impler ones

e WL K prosta s RIS in L SHIDIRY ol a il

higli-pressure sépazator e sppardtecand recarsd aahoftbmepdichlarit  polymer-

m xed savin bstantjal capital and operating costs
rich p ﬁ%?am?et gijervé’ﬂmﬂadhe tTReROmEp Angt polymerr eempenentheoriginated

i ndi Mi I f th I t ., These

frOll it R G2 SNRB Bois RBhctp s, SCoaalin ReBtE e g separator
er, . e er e .

80,4 MR RIS R0 ARS8 B ST ST fpgpomer i

stragmes enferging doome sipo ridipagtobblemder fior rddyeleNttbr €2 while the

process plus the conbined conversion rate of the o
P@bfméfsﬁéﬁ §iregmneynerasng ifrom ke seprsntpmhienderiis Eemtetadhle rfinishing
' 0096] 1 n anpt.h enbodi t of the nove
SR Tl L RSlortf. AAF HABLS SRS ehe e T streams
: . i ondi ,
R AEMRRBEUNTES e SGEIIRE Gy pe pureed o
c60tr 8l 6nddErabldheavy snd lighh oompohys! sidhdadsd1GbntsaiHért alkanes,

one copolyner train (&), i.e., both d and & have
Nonéxeessceatalyst killers, etc., before they are sent back to feed the second

group of reactor trains. Note that in such embodiments, the monomers are
recycled without fecovering them individually before or after the product
streams of G/ and G2 are mixed saving substantial capital and operating costs as
compared to methods that separate and recover the individual monomers from
the recycle streams. These embodiments, however, require the unreduced
effluent of the homopolymerization train (G/) delivers the monomer at a rate not
higher than the combined purge rates of the corresponding monomer for the
entire process plus the combined conversion rate of the corresponding monomer

in the copolymerization reactor train (G2).



train each and the feed nonomer pool of G has one
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Therefore, in enbodi nents where the conbi ned effl uents

egualdo ther Rymbpe ofynenemersin the copolymerization reactor train. The

effluent of the homopolymerization reactor train (G/) carries the monomer at
rates higher than the combined purge rates of the corresponding monomer for the
entire process plus the combined conversion rate of the same monomer in the
copolymerization train (G2). Stating it differently, the monomer is present in
excess in the effluent of G/. As in all embodiments of the novel recycle
processes disclosed herein, the monomer recycle streams recovered after mixing
the product streams originated from G/ and G2 are recycled to only one selected
group of reactor trains, G2. Since such recycle method would lead to a buildup
of the excess monomers in G2 in these embodiments, the excess monomer flow

need to be removed by phase separation before mixing the product streams



excess, the disclosed processes renove the excess

mononer streamfromthe effluent of G prior to m xing
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preo)éi(lzllctJ Ssltr\c/:z(irlnyfrom GI will be delivered to G2. Note that since no excess
monomer is brought in by stream mixed with the effluent of G2, no excess
inventory of the monomer builds up in G2 even without recovering some or all
of the said monomer from the monomer-rich recycle streams recovered
downstream of the said mixing point between the product streams of G/ and G2.
As mentioned before, the separation processes disclosed herein achieve the
removal of excess monomer from the reactor effluent of G/ by performing phase
separation during which a monomer-rich phase and a reduced polymer-
containing (polymer-enriched) phase are recovered from the effluent of GJ.

Since these phase separation is performed on a stream originated exclusively

from G1, it will be referred to as G phase separator, or G/ separator throughout



fromd, it will be referred to as @ phase separator,

or 3 separator throughoutthe current disclosure.
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also referred to as segar at or - bl ender .

taphniues, incduding phase bokajonmeasoreménts, well known ir? the art. The
separator-blender is regycled to Q. A.part of this )
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w%iilsecglgrsl’gi%gi the Lgh(\?homer and polymer components originated from G/ and
G2, it is also referred to as separator-blender. The monomer-rich stream
emerging from the separator-blender is recycled to G2. A part of this and other
monomer recycle streams of the process may be purged to control the buildup of
undesirable heavy and light components, such as excess solvents, catalyst killers,
light alkanes, etc. The polymer-rich stream emerging from the separator-blender
is sent to the finishing section of the in-line blending process disclosed in U.S.
Patent Application No. 60/876,193. The monomer-rich streams emerging
downstream of the separator-blender may be combined with the monomer-rich

stream emerging from the separator-blender for recycle to G2. They may also be



Pat ent Application No. 60/876,193. The nononer-rich
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recyele procassics d¢sghb<pﬂ bersin that spad dheir motvenatrick redyiode streams
to ?ﬁ I1s also { rfirst that combines all polymer-containing product streams.
Since it combines the functions of polymer-monomer separation and polymer-
polymer blending, it is also referred to as separator-blender. We need to point
out that in our descriptions the separator-blender designation is reserved to this
one unique, readily identifiable high-pressure separator. Therefore, the earlier-
mentioned separator sending monomer-enriched stream to the reactor train in G/
is never called separator-blender in our descriptions. Instead, its is referred to as
G phase separator or G/ separator. It is important to point out that monomer

recoveries in the disclosed processes are achieved by phase separations as

opposed to the conventional cryogenic distillation required for the separation of



separator sendi ng nononer-enriched streamto the
reactor train in 3 is never called separator-bl ender
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to the conventional cryogenic distillation required
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some or all of these monomer-rich streams may be purged from the process to
control the buildup of volatile inerts, such as light alkanes, N,, solvent, etc., in
G2. Since the separators in the finishing section operate at lower pressures than
the separator-blender, the monomer-rich recycle streams recovered in the
finishing section are compressed/pumped to higher pressure before merging
them with the monomer-rich recycle stream of the separator-blender. The last
separator of the finishing stage is typically followed by a devolatalizer to remove
the last traces of the volatile residues to yield the product polymer blend. The
devolatalizer typically operates under vacuum and sometimes also serves as an

extruder.



finishing section are conpressed/ punped to hi gher
pressure before nerging themw th the nononer-rich
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separator of the finishing stage is typically foll owed
by a devol atalizer to renove tHe | ast traces of the
vol atile residues to yield the product pol yner bl end.
The devol atal i zer typically operates under vacuum and
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reconpressi on of those |ower-pressure
lowestRre sy danemerger recoveries coming from vessels downstream of the
high-pressure separator-blender described earlier, i.e., from the finishing section
of the in-line blending process of U.S. Patent Application No. 60/876,193. Such
purge methods save the cost of recompression of those lower-pressure monomer-
containing recovery streams. Note that also common to all embodiments of the
recycle processes disclosed herein is that the blended monomer streams
emerging from and downstream of the separator-blender (i.e., downstream of the
point where the polymer-containing effluents originated from G/ and G2 are
mixed) are combined and recycled to only one of the reactor trains (i.e, to G2)

of the in-line blending process of U.S. Patent Application No. 60/876,193
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hetein dn itk ehtirdtyo phase regi me but need to avoid
condi tions at which polyneric solids would separate.

Since prior to the phase separation step the streans
d i n thej ingle fluid ph tate,
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Negf 6&(&7%1&3 tmakhels that dhe ldesired tiangitiohyfroausisizle fluid state to a
fluid-fluid two-phase state may be advantageously achieved by pressure
letdown. However, in some embodiments, when the temperatures of the streams
brought to the phase separators are not high enough, such pressure letdowns may
cross the fluid-solid phase transition line in the phase diagrams of the fluid
stream leading to the formation of polymer solids and thus ultimately causing

fouling. In these embodiments, the heat content of a fluid stream to be separated

is increased by passing it through a heat exchanger prior to the pressure letdown.

[00102] Two or more polymer-containing product streams of the process
may be blended upstream of or in the separators. When product streams are

brought directly to the separators for blending, the separators advantageously



fouling. In these enbodi nents, the heat content of a
fluid streamto be separated is increased by passing
wo Jood/fvoeiagh a heat exchanger prior to the presguigs2008/002899
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(¢.8., eadtog mressuze duc higlre ehab theedowh§iedds kepgdiatdFpiesiire. Such
recycle process of the present disclosure offers an
pressure staging may afford advantages in heat exchange (by, for example,
allowing heat exchange at lower pressure and thus at lower cost) or in mixing

efficiency (see above).

[00103] The monomer recycle process of the present disclosure offers an
improved, lower-cost separation-recycle method in which the monomers from
" one or more effluents of the first group of reactor trains (G/) of the in-line fluid
phase polymer blending process are partially recovered by phase separation in
the form of olefin-enriched streams. The said partially recovered monomers are
directly recycled to the said first group of reactor trains (G/). The one or more

polymer-enriched reduced effluent streams originated from the first group of



i nproved, |ower-cost separation-recycle nethod in
whi ch the nononers fromone or nore effluents of the
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pol yneri zati on section and one or nore nononer-pol yner
separator vessels, one of which conbines all

[00184fer - doressentien thee hidnomér sicyelermetiodsl forngeGRitAnfuid phase
ir?— irn\éegolgg;elg blending processes disclosed herein comprise a polymerization
section and one or more monomer-polymer separator véssels, one of which
combines all polymer-containing effluent streams of G/ and G2 and serves both
as polymer-polymer blender and polymer-monomer separator, called the
separator-blending vessel, or separator-blender.  The separation vessels
sometimes are also referred to high-pressure separators. As mentioned above,
the separator-blender serves as both a separator and as a blender for the reactor
effluents of the two or more parallel reactor trains in the reactor bank comprising
G and G2. Although any and all combinations of reactor operation modes may

be included in the monomer recycle methods for use with fluid phase in-line



as pol yner-pol ymer bl ender and pol yner - nononer

separator, called the separator-blending vessel, or
wosSRpeioebqr - bl ender. The separation vessel s sofgiR2808/002899

are also referred to high-pressure separators. As

ment i oned above, the separatorl ender serves as both

a separator and as a blender for the reactor effluents

of the two or nore parallel reactor trains in the
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pelyinesizations aresparticnlasky aslyartagenusieneous supercriti cal
or bulk solution polynerizations are particularly
advant ageous. [00105] The nononer recycle methods for
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rocess offers one or nore of the advantages '
towersy @ndgedyerd madniepanes gpstediuecio prosess, sunpladityredn addition,
ene. because .of ..nol ecul ar-1| evel m xi ng of
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hpmogensi¢y betmtsestfanolesuldr-level mbdag f dlondesapeséhts, improved
saolid, pelletized pol yner blend conponents, and
CoY of juangkacture because of savings from avoidance of the reprocessing cost
associated with conventional off-line blending processes that start with the
separately produced solid, pelletized polymer blend components, and because of
the ease and simplicity of blending polymers at substantially reduced viscosities
due to the presence of substantial amounts of monomers and optionally solvents
in the blending step; flexibility of adjusting blend ratios and therefore blend
properties in-line; flexibility in adjusting production rates of the blend
components; flexibility in independently controlling for each reactor the
residence time, monomer composition and conversion, catalyst choice, catalyst
concentration, temperature and pressure; improved blend quality; flexibility in

making a broader slate of blended products in the same plant; reduced process



the ease and sinplicity of blending polyners at

substantially reduced viscosities due to the presence
wooogiosdisant i al anounts of nononers and opti opgdhys2008/002899

solvents in the blending step; flexibility of _

adj usting blend ratios and the®efore blend properties

in-line; flexibility in adjusting production rates of

the bl end conponents; flexibility in independently
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procesSes di sclosed herein relat® to nmaking polyrer

nmdlang polyfMierbiéhdfl scl osed herein are advantageous
nmononer recycle processes for use with direct in-line

pol ymer bl end production in an integrated

| [Hbul 6?] r eaﬁ%s%‘iosed herein are advantageous monomer recycle processes for
use with direct in-line polymer blend production in an integrated multi-reactor
polymerization wherein the blending step is achieved downstream of the reactors
in a separator-blending vessel (also referred to as the high-pressure separator).
The production of polymer blends in the polymerization plant is facilitated when
the polymer blend components are dissolved in the polymerization system since
the small-molecule component(s), such as monomer(s) and optional
solvent(s)/diluent(s) of the polymerization system reduce(s) viscosity thus
allowing molecular level blending in a low shear process. Hence, using the

reactor effluents wherein the polymer blending components are present in a



pol yneri zation wherein the blending step is achieved
downstream of the reactors in a separator-bl ending

wovResiflodsal so referred to as the high-pressurect/us2008/002899

separator). The production of polyner blends in the
pol ynmeri zation plant is facilitated when the pol yner
bl end conponents are dissolved in the polynerization
system since the small-nol ecul e conponent (s), such as
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hpmageaeansiy alissolived pothendenise flvidrpadymieszatiom spsteer.  froorder to
facilitate the dissolution of the polymer pellets, increased shearing may be
applied, which typically is provided by stirring or by pumping. For
embodiments, in which excess monomers need to be taken out from the slurry
reactor effluents, the recovery of the desired fraction of the monomer can simply
be performed by filtration or by gravimetric separation of the monomer and the
polymer-enriched fraction prior to the polymer dissolution step. In general,
however, because of the added processing and investment costs of such slurry
reactor operations, homogeneous polymerization processes, such as

homogeneous supercritical or solution polymerization, are typically cost-



facilitate the dissolution of the polynmer pellets,

i ncreased shearing may be applied, which typically is
woPi00y/ided by stirring or by punping. For enmbodidTaiK2608/002899
i n which excess nononmers need to be taken out fromthe
slurry reactor effluents, the-%*ecovery of the desired
fraction of the nononer can sinply be perforned by
filtration or by gravimetric separation of the nononer
advéintdgedpahd nhius exdvaniidgbols aet prsduRe! fie iRtlinBep @H&Eblendmg
di ssolution step. In general, however, because o
aapengitscessi ng and i nvest ment costs of such slurry
react or operations, honbgeneous pol ynerization

processes, such as honobgeneous supercritical or
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advanagatusablyy eﬁﬂnﬁa@ﬁg Neheninsed fﬂin@PSQfgt i&ll@pfsbﬁmhng mixed
sol vent streans before recycling them
menemssrangk eptional solvent streams before recycling them to the appropriate
reactor trains of G2. The polymer-enriched streams from each of these single-
stream (G) separators are blended in one of the high-pressure separator vessels
that serves both as a polymer-monomer separator and as a polymer-polymer
blender (separator-blending vessel). In this embodiment, the operation
conditions of the single-stream (G/) separator(s) upstream of the separator-
blending vessel may be adjusted to yield polymer-enriched stream(s) that still
contain(s) enough low molecular weight component(s), such as monomer(s) and
optional inert solvent(s) to keep the viscosity of these streams much below that
of the essentially pure molten polymer(s) thus facilitating the mixing of the

blending polymer components in the separator-blender. Optionally, the G/



reactor trains of &. The polyner-enriched streans
fromeach of these singlestream (d) separators are
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that serves both as a pol yner-nononmer separator and as

a pol yner-pol yner bl ender (sep&-ator-blending vessel).

In this enbodi nent, the operation conditions of the
single-stream (A ) separator(s) upstream of the
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i nevitable fluctuations in the production of the
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polymerization systems in therr honbgeneous dense
lg_l,l'yirstq{q:.t i lpabotdr thersupiee¢ritical and liquid operation modes, the process

may be a bulk polymerization process operating with less than 40 wt %, or less
than 30 wt %, or less than 20 wt %, or less than 10 wt %, or less than 5 wt % of
inert solvent present in the feed to the reactor, and in some embodiments,
essentially free (less than 1 wt %) of inert solvents. In one embodiment of the
disclosed process, the reactors operate at bulk homogeneous supercritical
conditions as has been disclosed in U.S. Patent Application Nos. 11/433,889 and
11/177,004, herein incorporated by reference in their entirety.

[00110] In another embodiment of in-line blending process for use with the

monomer recycle process disclosed herein, optionally one or more reactor trains



liquid state. In both the supercritical and |iquid
operati on nodes, the process may be a bul k
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[00111] The parallel reactor configuration disclosed herein permits for
flexibility in independently controlling for each reactor the residence time,
monomer composition and conversion, catalyst choice, and catalyst
concentration not available in a series reactor configuration for blending of
polymers. It also makes the independent control of reaction temperature and
pressure easier thus enhancing the control of the polymerization processes

yielding the individual in-line polymer blend components.'
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process provides for the polyneric fluid state by
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[00113] Advantageous polymer blends are often composed of a blend of (a)
highly crystalline component(s) and (a) low crystallinity component(s). In
particular, solution polymerization processes may provide for low crystallinity
products because the polymer is present in solution in the reactor, and therefore
cannot foul it. However, the solution process has limitations in producing highly
crystalline, high molecular weight products with higher melting point. One
particularly relevant limitation of the solution process is that it typically cannot
produce high MW products that also have high melting point, and if it could,

such products tend to crystallize in the reactor and cause fouling. In contrast, the



reduced polymer nelting point without fouling. As

previously referenced, U S. Patent Application Nos.

wobbighihgedd89 and 11/ 177,004 are incorporated byycr/us2008/002899

reference in their entirety herein. [00113]
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may be any ol efinic conpounds containing at" | east one
argmatiearing. dBuemplary, but not limiting, olefins include alpha and internal
linear or branched olefins and their blends, such as ethylene, propylene, butenes,
pentenes, hexenes, heptenes, octenes, nonenes, decenes, styrenes, non-
conjugated dienes, cyclohexene, norbornene, and the like. Exemplary, but not
limiting, non-polymerizing (inert) fluid components serving as diluents/solvents
include light paraffinic and aromatic hydrocarbons and their blends, such as

butanes, pentanes, hexanes, heptanes, octanes, toluene, xylenes, cyclopentane,

cyclohexane, fluorocarbons, hydrofluorocarbons, etc.

[00115] The conditions in the polymerization reactors of the aforementioned

olefin polymerization process may be established such that the entire reactor



bond. The ol efin group may be unsubstituted or

substituted by one or nore aliphatic or aromatic
wooeAse®y and nmay be part of an open chain or par/us2008/002899
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recomended. For the slurry polynerization processes,
fophggumrth@tem'ppmratsmu@y operations not higher than 5 °C below the solid-
fluid phase transition are advantageous, not higher than 10 °C below the solid-

fluid phase transition are particularly advantageous.

[00117] The lower limits of reaction temperature are determined by the
desired polymer properties. Lower temperatures generally favor higher
crystallinity and higher molecular weight (for an example, see FIG. 2). For
homogeneous polymerization processes, the lower limits of reaction temperature
are also determined by the solid-fluid phase transition temperature. Running the
reactors below the solid-fluid phase transition temperature of the reaction

mixture may lead to operation problems due to fouling. For the production of



limts of polynmerization are also influenced by the
solid-fluid phase transition conditions since running
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sol vents may further reduce the mni num operation
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sedf theergsstari bleadsintie diat demperhtures that correspond to the

condensed liquid state of the polymerization system in the reactor. In these
instances, the operation temperature may be below the bubble point of the
reaction mixture and thus the reactor operates at what is often referred to as
liquid-filled conditions. In some instances, such operation mode could be
desired to achieve high molecular weight (MW) and thus low melt flow rate
(MFR), particularly in the manufacture of copolymers, such as propylene-
ethylene or ethylene-higher olefin or propylene-higher olefin copolymers. Thus,
reactor operations under conditions at which the polymeric products are
dissolved in the monomer or monomer blend present in its liquid state, also

known as bulk solution polymerization, are also disclosed herein.



herein. Additionally, near-anorphous and anor phous
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[00120] In certain embodiments, polymerization is performed in a
supercritical polymerization system. In such embodiments, the reaction
temperature is above the critical temperature of the polymerization system. In
some embodiments, some or all reactors operate at homogeneous supercritical
polymerization conditions. Said homogeneous supercritical polymerizations of
the in-line blending processes disclosed herein may be carried out at the
following temperatures. In one embodiment, the temperature is above the solid-
fluid phase transition temperature of the polymer-containing fluid reaction

medium at the reactor pressure or at least 5 °C above the solid-fluid phase



350 0C, or between 50 and 250 O0C, or between 60 and

250 0C, or between 70 and 250 OC or between 80 a.nd. 250
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bet ween 60 and 250 0C, between 70 and 250 O0C, or

[Md2Aden dheamaximonpaeactor yptessuret may be determined by process

economics, since both the investment and operating expenses increase with

increasing pressure. The minimum pressure limit for the production of the
individual blend components disclosed herein is set by the desired product
properties, such as molecular weight (MW) and melt flow rate (MFR) (see, for
example, FIG. 3).

[00122] Reducing process pressures in homogeneous polymerizations may
lead to phase separation creating a polymer-rich and a polymer-lean fluid phase.
In well-stirred reactors, where mass transport is sufficiently high due to efficient

mixing of the two phases, product qualities may not be impacted by such fluid-



form the cloud point tenperature is above 50, 60, 70,
80, 90, 95, 100, 110, or 120 OC. In still yet another
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for Honobgeneous Fluid Phase P&®6ynerizations: [00121]
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still another embodiment, the polymerization process pressure should be
between 5 and 500 MPa, or between 10 and 500 MPa, or between 10 and 300
MPa, or between 20 and 250 MPa, or between 10 and 100 MPa. Exemplary
lower pressure limits are 1, 5, IO, 20, and 30 MPa (0.15, 0.75, 1.45, 2.9, 4.35
kpsi, respectively). Exemplary upper pressure limits are 1500, 1000, 500, 300,
250, 200, and 100 MPa (217, 145, 72.5, 43.5, 36.3, 29, and 14.5 kpsi,

respectively).

[00124] In certain embodiments, polymerization is performed in a
supercritical polymerization system. In such embodiments, the reaction pressure
is above the critical the pressure of the polymerization system. In some

embodiments, some or all reactors operate at homogeneous supercritical



shoul d be no | ower than 10 MPa (or no |lower than 1

MPa, or no lower than 0.1 MPa, or no lower than 0.01
wolgeg/10b@lsow t he cl oud point of the fluid polymefrivabismozsss
systemat the reactor tenperature and |ess than 1500

MPa. In still another enbodi nedit-, the pol ynerization

process pressure should be between 5 and 500 MPa, or

bet ween 10 and 500 MPa, or between 10 and 300 MPa, or
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the wpling oblendingy precessesisliscloged hepsink pwy, be carried out at the

T I N KL .
epTgg et s e, B3 ARBECHE e tlloving

mressueesieth ofie @nsbaiintent,! thePre Uy 1€ hb 28{veP thaty ﬁ{eeéﬁr\{sﬂa'l‘lization
such enbodi nents, the reaction pressure is above the
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nbodi ments, some or all reactors operate at )
rﬁ%ﬂg{; gﬂ%‘i{ét% Ema lawerathan) WhMBa, belowntheosland ipsiat, of the fluid

. itical | i zat i of the
S SRS TG e TS e, e
peédsure sk Bétivedh 1078nd F00ONFY o?rﬁae?@gésr?g P %@:390 MPa, or between

supercritical polynerization proce n-T1 e

191 a2 0@ MPaycarslsetwveen skel ars d00 VP nornbytwrnC0 an®@dSOWIPa. In
at the follow ng, pressures. In one enbodi nent, the

OBFéIQETHr & RIEHRITE daboYeh 49, 2Gheor30MPa. | Inzanatiagr forms the pressure

i DABN L300, HIEDH: 2562 5e AWy, 3R Bie: dPrrmothesland point
prés8irelfy BétacBR! P¥hd FDOCMIY] RBetived 1 I oY MPa gr between 1

reaction nedium at the reactor tenperature. I'n ah

apd200] oebetweenel andd60) or betweehviaimd 280 MPla SO0 yMPanotRér form,
bet ween 10 and 300, MPa, or between 10 and 200 a or
theeelgpdrpaint pressusoisviboveol, Hel Qe2d, a03ardPasolnvRall yeh another

r he pressure i.s.ab 1 0 rr 30 MPa. In
(35 8 et miinf RESSieds RS d Sy S0p. 28190 3585800 70,00 Mpa.
250, 200, or 100 MPa. In another form the cloud point
pressure i s between 1 and 500 MPa, or between 1 and
Tat0 Nieaomer Coavesésh for Homogeneous Fluid Phase Polymerizations:

[00125] Increasing the conversion of the total monomer feed in a single-pass
in the individual reactor trains of the parallel reactor bank can reduce the
monomer recycle ratio thus can reduce the cost of monomer recycle. Increasing
monomer recycle ratios (i.e., the ratio of recycled/total monomer feed to the
reactor train) require the treatment and recycle of larger monomer volumes per
unit polymer production, which increases production cost. Therefore, higher
monomer conversion (lower recycle ratios) often provides for improved process
economics. However, because high polymer content in the polymerization
system, particularly in homogeneous polymerization systems, yields high
viscosities, which correspondingly may make reactor mixing, heat transfer, and

downstream product handling difficult, the monomer conversion in a single pass



and 200, or between 1 and 100, or between 5 and 250
MPa. In yet another form the cloud point pressure is
woes/fodes S, 10, 20, or 30 MPa. In still yet aqit608/002899

form the cloud point pressure is bel ow 1500, 500,

300, 250, 200, or 100 MPa. Tot38F Monomer Conver sion

for Honobgeneous Fluid Phase Pol ynerizations: [00125]

I ncreasing the conversion of the total nononmer feed in
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taygstsy the epnveesiensd some highdy seantiveanghemet compobentsgresent in
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fexdnblends nmayite nigdrlynesinpleté (eppteadiihg Q0096 andeis diddsedherein.

~a reactor or in a reactor train divided by the
conmbi ned wei ght of nononers and conononers in the feed

[00126] As mentioned above, another factor limiting the total monomer
conversion is the MW-decreasing effect of conversion (see FIG. 4). Therefore,
the production of polymer blend components with high MW requires the
moderation of monomer conversion in a single pass beyond that of what
viscosity and other practical operation considerations would dictate. Hence, for
the production of blend components with high molecular weight (particularly
those with higher than >200 kg/mol weight-averaged molecular weight -M,,), the
total monomer conversion may need to be below 30%. Again, the conversion of
some highly reactive components in a monomer feed blend may be higher, and

may even approach 100%.



to the reactor or reactor train. It should be

understood that while high total nononer conversion is
woob®ivobdsm t ed by product viscosity or by prodabus2008/002899
property targets, the conversion of sone highly

reacti ve mononer conponents pr¥sent in sone nononer

feed bl ends may be higher than 90% For exanple, the

si ngl epass conversion of ethylene in _
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d | yst . t,. but I educe vqlunetric .
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[00128] In certain embodiments, some or all reactor trains of the invention
process operate at supercritical conditions advantageously at homogeneous
supercritical conditions, or bulk homogeneous supercritical conditions. The
residence times in the supercritical polymerization reactors, particularly in the
bulk homogeneous supercritical reactors disclosed herein are generally lower
than the residence times in solution, gas phase, and slurry processes due to the
high reaction rates achieved at the conditions of the supercritical polymerization

process. In-line blending processes disclosed herein applying bulk



met hods known in the art. A wi de-range of polyner

bl end conponents may be produced in the reactors
wodoegiooead herein at reactor residence tinmes mpaaaidrgns/002899

from1l sec to 120 min, particularly from1l sec to 60

mn, nore particularly from5%®ec to 30 mn, still

nore particularly from30 sec to 30 mn, and yet still

m)re particularly froml1l minto 30 mn. In yet another

0¥@fedub Supérctitical PoBMEright NSRS CIRIIRE Fe4TBEAGE times between
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Lired pBgnin, nad enorerpartivelarlydwetwiem 1 7d, 3(omin.ess t han
60, or less than 30, or less than 20, or |less than 10,
or less than 5, or less than 1 mnute(s). [00128] In
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supercri tical po yner rocess I ne
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reactor(s)
cohsiructed tthe safnti WayTbﬁ capasd G[ﬂ’er@ﬁt t %eoégﬁfﬂaﬂreactor type and
reactor trains producing all the polyner
@ﬁﬁ'@ﬁ@é‘ﬁnélaar@ detemmined by standardatechniqbes el kown in the art of
ctors in the individual trains and in the entire

pB@ﬁ'I} rcrgﬁctgéeggmgﬁgngype useful for making pol yners

(for a review of different polynerization reactors see
React or Technol ogy by B.L. Tanny in the Encycl opedi a
[00130)! ymir sBould d8drdgd@nizedOthat lthe Ehtal Mafabtl@téy aénd thus  the
S

Eds., WIley, New York, 1988, and JBP S are
volumeteic pradueskityoin thel l;ldB'ﬂdlma'eactOI‘S mayibeetiffernt. Tf the reactor
eMEl}/ents for in-line blending are directly blended, the catalytic activity and the
volumetric productivity may determine the reactor sizes required for the
production of the individual polymer blend components. In order to reduce cost,
a single plant may need to produce several polymer blends with different
polymer components blended over a range of blend ratios. Consequently, a
parallel reactor bank will often have reactors of different sizes allowing for a
flexible and thus more cost effective configuration for the production of different

polymer blend grades. The optimal reactor volumes may be determined from

the combination of the composition of the target polymer blends and the



and J. Keurentjes, Eds., WIley-VCH Winheim 2005, p.
365-430.) and can be constructed the sane way or can

wooglidbdar ent . The optimal reactor type and  pCT/US2008/002899
configuration can be determ ned by standard techni ques
wel | known in the art of pol y%r reactor engineering.
[00130] It should be recognized that the catalytic
activity and thus the volunetric productivity in the

vdldinetde abadten ptdictivity #atadisin€optimization Meeth6d$ kAbwn in the
effluents for in-line blending are directly bl ended,

arhef ehemiopl engiaceringty and the vol unetric productivity
may determine the reactor sizes required for the
production of the individual polyner blend conmponents.
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par a reactors, I'ymer 'm xi ng

alpresuiire Gelow s Budbbloppiansatentidly theeenltire Solahé 0fsh@buffer tank
the volunetric productivity in each reactor train

ip aveilahle dor nemipansatinguur the ehifferspepoire thesblemtingbarid production
rHERa I T S a4y AR F PR S iourd) it buffer tank
SRS 50 B AR SR e JERRARE s buooe
pggg% :Pé;’?g‘séfﬁq??; olir{%il?i@aﬁistzlgatll:ﬂgitd FilRt e @ntife (thfk. In such
operation modes, the buffering capacity, i.e. the capacity to deviate from the
instant reactor flow rate, is more limited and is associated with the
pressure/density changes allowed in the buffer tank and with the size of the
buffer tank. In the latter case, the process streams may be driven by a gradual
pressure drop downstream of the reactor to avoid the cost of installing and
operating booster pumps. However, booster pumps may be alternatively
installed and operated within the process to increase the pressure range and thus
the buffering capacity of the system. When no booster pumps are deployed, the
pressure of the buffer tank should be lower than that of the reactor, but higher

than that of the lines downstream of the blending point.



a pressure below its bubble point, essentially the
entire volune of the buffer tank is avail able for
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supercritical state or inits liquid state but at
pressures above its bubble point, the dense liquid or
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ase Tanbe'c
pressure or by adjusting the pressure at constant temperature in the separator-
buffer tank(s). In this embodiment, the polymer-rich effluent(s) of the separator-
buffer tank(s) are combined with the direct, unseparated effluent of one of the
reactor trains upstream of the separator-blending vessel that recovers the
monomer of the direct reactor effluent as a supernatant and the in-line polymer
blend as the bottom phase. In this particular embodiment, one of the separators
serves as a separator-blender, while the rest of the separators serve as separator-
buffers. Advantageously, the separator-blender is connected to a reactor train

making a copolymer blending component while the separator-buffer vessels are



conmponents, such as nononer(s) and solvent(s). In the

supercritical regime, the upper phase is a

woRabg/imedoyl ean supercritical fluid, _ whi | e t_he [pP@WAS2008/002899

phase is a polymer-rich supercritical fluid, the

latter of which can be withdr&nm for blending at a

controlled rate required for nmaking a constant blend

ratio, independent of the short-termfluctuations in
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stgra@po}p S coptatRing; ligiidy anolten, or dissolved polymer components and

polymer additives may be added to the processes disclosed herein. If solvent(s)

is used in these polymer additive storage tanks, it should be the same as used in
the polymerization reactors previously described in order to avoid an increase in
separation costs in the solvent recovery and recycle section of the process. For
example, when the polymer synthesis process is performed .in supercritical
propylene, the off-line produced polymer additives may also be advantageously
dissolved in supercritical propylene. Solvent-free introduction of the polymer
additive components may be used when the additive component is brought into
its molten state or when the additive component is a liquid at ambient

temperatures.



product quality and product properties. Exenplary, but

not limting polynmer additives, include specialty
wopRby @i | ncl udi ng pol ar pol yners, waxes, PCT/US2008/002899

pol yal faol efi ns, antioxidants, plasticizers,

clarifiers, slip agents, flam®4retardants, heat and uv

stabilizers, antiblocking agents, fillers, reinforcing

fibers, antistatic agents, lubricating agents,
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% an the weautor fdeaddi ofethic, intvbﬁtiémgbeéé‘dsh.t il2dome embodiments, where
pol.ymeri zation process is performed in the substantial
thepteed casetiadly Gameprisesghe amenamenenmopbumiex biend dikecforiexample,

itical | i zati d id th oduct
P S o iR, SiescFfical os RUWSofuien Belrizatians. the
nifinhizABoR %F%B?Jén? isB'isadi | {02{31 Féifélg? th&RbS: of monomer recycling.

particularly, the supercri ymerization

Iipthepy cases, itk typidabsoB@nt Sondeatatidatiathé dactdiSRBE §s 8ften below
n inert solvent/diluent (bulk honmogeneous

4& Ypefoc pr beloay 38 matpYe, ondety 2Aewt Yator bejowmdd wt Byictdmlow 5 wt

he . .
of g even below 1 wt %. In one form disclosed herein, the polymerization

system comprises less than 40 wt % aromatic hydrocarbons and advantageously
less than 40 wt % toluene. In another form disclosed herein, the polymerization
system comprises less than 40 wt % saturated aliphatic hydrocarbons and
advantageously less than 40 wt % of hexanes, or pentanes, or butanes, and

propane, or their mixtures.



product in a dissolved supercritical state for the
downstream in-line separationbl endi ng process. [00135]
wolhes/ibal anount of inert solvents i s generalgor/uR2bo0s/002899

nore than 80 wt % in the reactor feeds of the
i nvention process. In sone em#di nents, where the feed
essentially conprises the nononer or nononer bl end,
| i ke for exanple, bulk slurry, or bulk supercritical,
Monbrier Retydle oProeess/ iGurifiqiiraioss , fob MEseériwithi Rialid Pha3k In-Line
sol vent use is desired to reduce the cost of nononer

nd1 :these cases, the typical solvent
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aav

ant ageously less than 40 wt "%t ol uene.
namlhlctcsﬁbosremsmdeuhmr ¢dndi guoatyorsrinzhe lparalte)lf séz&m)r bank may be

ss than 40 wt % saturated aliphatic
'g’Boc EVBHHE yaﬁaclaer%ﬁpag&nsqeyve}Se@sprqchwe@ singlgoipfline blend
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phegtateisign standpdiat, ihoweveedtherenstionld be @ymimmvn® aaafber @F reactors
use with the fluid phase in-line polyner blending may
fana2iyen teain of the parallel rﬁﬂ@i@éé@ﬂk dnfdrder ta imake. a Biven polymer

T P Pk s
dﬁa’rh@ﬁlarl}%ﬂ’(btcﬁilolré’ thaif eE %gﬁEQ redcidls rhrége\’lgtsalhputlhzed in a

pro ceaS|nge|n-|ne onent

given reactort treinparTie ﬂhmbeﬁ@fqralhﬁrdommmﬁ)gi tﬁ@rb‘atl%ﬂ’-@éﬁned first
as asmglereactor or two or nore reactors in

(Gd) ard. SeWMn(GZb ezeYp ofreaciemiraisisanay bertwajdbiegn four or five or

t h th h Id b ni mun], number
L R e PR R

cB lsi @rldﬁ’fd ® %an i Hemmg! Xﬂﬁ(gueéi;l e RIS hsons the

era not no en seriesr ors are
nutnbler Zﬁdreaum)rs should be maintained as low as the desired product grade

slate and plant capacity allows. The optimum number of parallel reactor trains
(also referred to as legs or branches of the reactor bank) may be determined by
standard chemical engineering optimization methods well known in the art.
Most typically, the polymerization-blending plant will have two or three parallel
polymerization reactor trains or legs or branches in the reactor bank producing
product blends with the corresponding number of in-line polymer blend
components. In the embodiments of the improved recycle methods disclosed
herein, the reactor trains of the in-line blending process are divided between the
earlier-defined first group of reactor trains (G/) and the earlier-defined second
group of reactor trains (G2). At least one of the reactor trains of the in-line

blending processes employing the improved recycle methods disclosed herein



nmore particularly not nore than three series reactors
are generally utilized in a given reactor train. The
woohapoaf trains conprising the earlier- d_efl et/ E9200%1002899
(d) and second (&) group of reactor trains may be

two, three, four or five or m®e in each group. The
nunber of reactors in the parallel reactor bank
conprising @ and & may be any nunber, although for

edomgniocthe saibfitst Rheup b BIctei traiR9€G2Y And HOMaG: &lfe other reactor

mai ntai ned as | ow as the desired product grade slate
teaid bhelongs wathecsaid se¢dnglrgrouphef mwationtraing (G2). For example, and
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M Ih th orrespondi ng nunber, of in-1ine polyner en
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d fsclio herejn.. the.reactor trajns Qqf e )
oY BBl e W othsr BicElu@rih S Bigen pidibi Wands'So requires.
Biidesahe datline Bolyrhét bRnAYSor oﬁ@rﬁ?,t fie f‘l{lgl' B@llygrl%r)bl%ﬂgs often
the earlier-defined second group of’ reactor al ns
com)in additieest amhemoldififie tefClaps hd@iptsde@ded NRithin the same

i n-1ine bl ending processes enpl oyi ng the inproved
PPB@%‘I‘@UR& PEswsssyi ddierefere, He showldebo npderstoadnthas dhel number of

' f t trai d d at J.east one
ctipbheflsallf g i piush gt el ey g biebep than the
i. scri be
nRintel 8FHRIIb RS o U mumBler B RTRRE poftleBicHd R Shipsients.
parallel trains in the reactor bank is two with one

arallel train producing an ol efi n homopol ymer and the
ld pdrameationediahope.othectlvig phaselinfline blepdingnprocesses for

LS o B SRR DB o RERR =Dy optionally
P ol oy P R p IR PRILY &Y LG Lrodieia outside
ther wdoior BanknsfSthegproeessics AisclGad Béaeid. NThe bptidh@l other polymer
pol ymer bl end conponents, the final polyner blends
ang (polymentadditi vel diompenends dnay dfifst dves ttanafersede imot solution or
m%lit%g%uelg s\f\gtte Iye?ogetﬁeigg ﬁended with the in-line produced polymer blend
components. These other polymer and polymer additive components may be
stored in polymer additive storage tanks containing liquid, molten, or dissolved
polymer components and polymer additives prior to being transferred and
metered to the separation-blending vessel (if dissolved in a monomer solvent
common to the homopolymerization and copolymerization trains) or to a mixing
point upstream (if again dissolved in a monomer solvent common to the
homopolymerization and copolymerization trains) or downstream of the

separation-blending vessels. Polymer and polymer additive components may be

accurately metered to the blending vessel or to another mixing point by one or



pol ymeri zation process. Therefore, it should be

under st ood that the nunber of conponents in the final
woRh@HeGso4pol ymer bl end typically is higher thaeTid¥008/002899

nunber of reactor trains or the number of in-line

pol yner bl end conponents. [00187] As nentioned above,

the fluid phase in-line blending processes for use

with the nmononer recycl e processes disclosed herein

mlye puatpsogt ifothal downdifeand présBreisNRwdrO tMBRER théRle of one or

pol ymer additives that were produced outside the _

MEER oSSy Hetdbwnhwalyesce3he soptional asiddtivesr andr. mddifiers can be

' | .additive conponents
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thio pneduct dmishinghsectiopasfatheqsrobé eslidivg 1 v@EsRdin, Fot ¥R&Mmple, in
ndg p I%mer addj tive conponents may be accurately
tﬁ“eﬁ%\“gé Iz¢f @H|udsrendi ng vessel or to another miXxing

poi nt by one ornore punps or if the downstream
pressure is lower, through the use of one or nore
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di fiers can be mxed i1 nto .
tdinse(dt dnd 2)irt hictegrr effienty! Gie 1@0MeE&OF t@ins are brought to the
downstream of the separator-Dbl endi ng vessel of the
sepasaiosddendars fprogeepvesing the 1bullsr of rthe omenopidr§ ypresent in the
in the nononer recycle train an
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The monomer-rich effluent of the separator-blender is sent to a cryogenic
separatibn section to recover the individual monomer components before
recycling them to Reactor trains 1 and 2. The distillation train also employs a
tower or a knock-out vessel to separate a heavy purge stream that comprises
solvents, oligomeric side products, excess catalyst killers, etc. The distinctive
feature of this prior art form is the application of one or more cryogenic
distillation towers to enable the rebalancing of the monomer feeds thus rendering
the compositions of the feeds to Reactor trains 1 and 2 suitable for making the

desired in-line polymer blending components. This separation step is costly

because it requires one or more refrigerated (or chilled) towers to fractionate the



t he product finishing section of the processes

di scl osed herein, for exanple, in the devolatizer
woebg/dens. [00138] FIG 5 exenplifies the pripfr/@208/002899

recycle process with two reactor trains ( 1 and 2) in

whi ch the effluents of the tw®sreactor trains are

brought to the separator-blender for recovering the

bul k of the nononers present in the conbined effluents

tWo bR enéreOmioRdaiePs ih Ak tHmMbiREd RHJ)N(Ffﬁér f‘é(%'&ll@fs{rleé’rﬁnﬁased upon
of the separator-blender containing the i

qiflleyeneres hineboiliognpaine tespesatarest (RIG.t Sexemplifidsng case for two
t he renmi ni ng nmononers and ot her

t
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i ndi vi dual nonomer  conponents before rec

VResion of the protessesamdompatbiag Privriart Rcyele rhéfodsal so
enpl oys a tower or a knock-out vessel to separate a

heavy purge streamthat conpri sesI lsoI vents, oI [ gorrerl c
' , .cat t ki r etc.
PSS 6, RS EES A brtiotk e ol ahe. monomer
f
s P U6t Rpafiof %ﬁ%%"’?%@ﬁ&n%% Reagioy effluent
(2)‘Im|$d tlwldﬁfnomrtﬂl@\w@ﬂmlcidrcéfﬂu@ﬁt ttharé ﬁ@tjfnélﬁ:r than th 1c purge
Reactor trains 1 and 2 suitable for nmaking the desire
ratgs mlWetlmwmrsmnemeswgf ctbcrponespmldlﬂ’glmompansam Reactor (2).
t ne or. nor
A il Farifsr T iR b pueio RS diments alonh dbe. tesuelioof the
] 0
G RO (o of R LR RS SR IR, DI ffeaftor @) withour

buildigr &1 ex&ss (uﬂ'éﬁtoﬁy 8RamPbf theemoRoARPE pielbnt iWCReactOﬂ's d( 1) and
nononers separated i'n Separation tower ?

(e ubherpelyoteridemtainireg e)mathlmdy Mﬁot:ﬁlseffﬁ{dmﬁf(l) and (2) are
t | | e
oangreaéﬁyi?{e'etﬂedb\@?h&c@@%fﬁp?sgwyﬁpﬁ the %e@ﬁ%@gzam dowastream of
f t es
e L. SOREFT ks A Bl o st

e B R R S
2pBeswmd: 43 sSuéhn pRbanep fraetibhsianay lead to undesired changes in the
performance of the final polymer blend product and thus the application of
catalyst killers may be advantageous. Although in FIG. 6 the optional catalyst
killers are added to the reactor effluents after the pressure letdown valves, they
can be added to the reactor effluents at any point of the process downstream of
the reactors. Thus, certain embodiments would add the catalyst killer at the exit
of the reactor or some other parts of the process. Also, catalyst killers may be
introduced at multiple injection ports to improve their efficiency or to control
their stoichiometry if so desired. Reactor effluents (1) and (2) are brought to the

high-pressure separator, called Separator-blender, optionally via one or more

static mixers for polymer-monomer separation and for polymer-polymer



(2) and the nononer flows in Reactor effluent (1) are

not hi gher than the purge rates plus the conversion

wo Abefoefs t he correspondi ng nonomers i n React @c(iR2008A92899

described earlier in detail, such enbodi nents all ow

the recycle of the conbined mener flows of Reactor

effluents (1) and (2) to Reactor (2) w thout building

an excess inventory of any of the nononers present in
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Reactor effluents (1) and (2) are optlonally treated
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vatipahet inononted-rich spebT®mdg! ngmr&heﬂw 'Sepafdtbi-BRAdEY The
(not shown in FIG 6), one or both of the reactor

MQNAMACTe TG et tireamp fer rasatepictask on eFIGe Gyr tessimgle combined
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of RRREFOut Rot ot Lo Bove 24 By B 4¢s2&ﬁ PR B Sndspired heavy
comiponeitse pedsertl @Oithe técoklatécﬁtrﬁéﬁ&‘ﬁefe NfeRYEIRY sErE@mf such as
separators, including the separator-blender, to al

oligemesicrheaviss, oXcess polventand/ioc eatadyss daillér, aicd Nb’aﬁmmdl FIG.
The

h |ight I phase.
68@2@%5{%5"3% égaglpgp@glggl_spg{)g optionally removed from the monomer
recycle stream going to Reactor (2) to control the buildup of light inert

components, like methane, ethane, propane, nitrogen, etc., typically introduced
with the monomer feeds as impurities. The optional light purge stream may be
advantageously taken from the low-pressure monomer recoveries in the finishing
section thus saving the compression cost associated with bringing the lower-
pressure streams to the pressure of Monomer blend recycle stream. Before
feeding the optionally purified Monomer blend recycle stream to Reactor (2), it
is pumped to the pressure of the fresh reactor feed. Note that Reactor (D

receives only fresh feeds, while Reactor (2) receives fresh makeup monomer



nmononer -ri ch phase that is recycled to Reactor (2). As
depicted in FIG 6, this nononer recycle stream may be
woeRidicoed with ot her nononer-rich streans I eC Peane2008/002899
downst ream of the Separator-blender in the product
finishing stage. Since the | ovWpressure separators
downstream of the Separator-bl ender operate at | ower
pressure than the Separator-blender, the streans

feeds aaddate Momomboblendapeydlt streamn CBd)th refétotd £‘l's§ rMﬁ:tl‘k‘!iive catalyst
ection are pressurized before they are combined wt

? 8&Srononer - rich stream energing fromthe

Separ at or - bl ender. The nononer recycle streans (or as
depicted in FIG 6, the single conbi ned nononer
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monromenss handeantlplerf m@kc bbﬁlﬁttxhahoﬁﬁacie@&cfelhcﬁl%‘ff@d Vivhen the
whil e Reactor (2) receives fresh

fresh, feeds,
aﬁaﬁé' (7] Enismodused slaser tonthevbine misliing step dhiod eeducing their
th reactors al so recei ve catal yst feeds.

R0 B dhe T BoRsT, Rcddle! fEcanisar psuo skoidiubatocarryover
ah6g &ﬁéﬁbkbﬁﬂo&?&ﬁ th&h &Mﬁf&%g?ﬁ$%‘%§g§' ﬁ;gﬁ e Bst monomer
except that facilTties are provi d
regycleostatamo| ataraldy) the tdptimwe Pdiny 8611 tabsd BEpeHdPo the nature of
str gm FIG, 7 shows an
the additives. Some, like polymers, would be carried with the polymer-rich
fraction and would not harm the catalyst, thus advantageously-are introduced
more upstream. Some, particularly inhibitors, could harm the catalyst, and thus
care must be taken with their introduction to avoid negative impact on catalyst

activity and the overall process stability.

[00141] FIG. 8 depicts another exemplary embodiment of the monomer
recycle process for use with fluid phase in-line polymer blending disclosed
herein in which there are two parallel Reactor trains (1 and 2). Reactor train 1,
representing G/, has a dedicated separator vessel (Separator (1)) and may be

used to produce, for example, an olefin homopolymer (for example



exanpl e in which the additives are all introduced at
one point, upstream of the optional static mxer. It

wostiesHododae under st ood, however, that the proceggR%2008/002899
di scl osed herein may i ntroduce additives at multi pl e

poi nts and may al so i ntroducel@lhem at one or nore
poi nts anywhere downstream of the first pressure
| et down val ves after the pol ynerization reactors. The
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activity and the overall process stability. [00141]
the anomomepireexclanyrenms deeayidr thee hsddupreoft ex¢ess hmonomers in
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Reactor”train representi ng

tysipalip bperatesatel sérﬁeraﬁhighe& Ipressardithanthe Q)n'éscﬁﬂvﬁsﬁream high-
produce, for exa efin honopol ynmer (for -
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&2, has a separator-bl ender associated with it where
mingnjze| yfuntheri c polymenizationomoutside the polymerization reactors.
Optionally, one or more static mixers positioned before the Separator-blender
vessel, but downstream of the mixing point, may be utilized to enhance mixing
between the polymer-rich phases of Reactor trains (1) and (2) associated with the
Separator-blender. Optionally (not shown in FIG. 8), one or both of the reactor -
train effluents may be heated before the first pressure letdown in order to
maintain the temperature in the downstream lines and in the separators,
including the separation-blending vessel, at the desired value, i.e., above the
solid-fluid phase transition temperatures of the polymer-rich phases but below

the cloud point of the streams entering the separators, including the separator-

blender, to allow the formation of polymer-enriched or polymer-rich denser fluid



the two parallel reactor trains are conbined. In this

enbodi ment, Reactor effluent (1) delivers nore nonomer
woldoasmmbat is purged fromthe process plus compgar@dodso2ses

Reactor train (2) of the sanme nononmer. Thus, a (4d)

si ngl e-stream hi gh-pressure sdfarator (Separator (1))

enpl oyed to recover the excess nononer flow as a

nmononer-rich streamfromthe Reactor effluent (1) and

phusss and moreraer-tich lighemtnid phases e THid pritBss 6f B9 efhbodiment
t he bui | dup of excess nononers in Reactor (2). The
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adds TRexebisityhhé F%WSSC(B%SiItﬂl%qggngﬁlfep "r&':f\fclﬁf l({(ﬁ)S. As .mentioned
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pol rre,r-rii:,h hases of Reactor trains (1) and (2)
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ns@panert pools herpddndlt\shoatd beaindeho6@ thatefdr BE Y8ke of avoiding
i.e., above the solid-fluid phase transition
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of pol yner bl ends since the nmononer(s) recovered In

the separator dedicated to G nay be recycled to the
[MJZ?SDO?{(jeifgging again to FIG. 8, Separator (1) separates a monomer-rich
phase from a polymer-rich phase for Reactor train (1). Reactor train (1)
typically makes one or more olefin-based homopolymers, although in general,
one or more trains of G/ may also produce copolymers with two or more
monomers. In the specific case depicted in FIG. 8, the monomer-rich phase
from Separator (1) is recycled directly to Reactor train (1) without the need for
one or more separation towers and the associated costs and complexity. The
polymer-enriched phase from Separator (1) is combined with Reactor effluent

(2) emerging from Reactor train (2) and then fed to the Separator-blender.

Reactor train (2) is typically producing an olefin-based copolymer the monomer



G reactor train(s) without the conplex separation
from ot her nononers as was associated with single

WO 084ds0Nn- bl endi ng vessel operation previ ouPCH/US2008/002899
described in FIG 5. Hence, one advantage of this
enbodi ment is that nononer red¥cle is sinplified and
thus affords | ower cost in the nononer recycle | oop.
While nultiple separation vessel operation increases
pou tofi whichecsmprisest airleast all the, mokormeksof Rexétbi kriain/ (BN®ut may
reduces costs in the nononer recycle Ioogs. As '
hasigt  dakegr yappemer poel bar theymponamer paobpf & /). In the specific
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fromthe schene shown [00142] Referring
septitontheoGH# | thase sefmptoraforrpattia] mepamet escavery and recycle to one
nononer-ri ch phase _from.a polpyrrer-ri ch phase for . )
ORdBREERHT ti\FéaOﬁre(SmndIRsétalm in & it shouldyhs reted thateasesther trains
. I - based, ho I rs, .althqugh in

821350 ETBbEDAS 1S5 REIRPHHT i Y Bk e monome
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PESEBIY IS 4 P B RLTARS bWy cos o
tise pbowt configyratien iewheneall thaceaetttaing of REAkAWY the @inie monomer

(1L wi thout the need for one or nore separation towers
PRk Imthess smbagdimgnisothesefAuents afialke&i/trgactondrains may optionally

0 r-enriched.phase.from Separator (1) is conbjned

bR ok Rl MGt bR thsin E&f&%ﬁﬁ@%@&h#&&epwm iTgeycle to
dpR) and then fed to the Separator-Dbl ender. Reactor

train (2) is typically producing an ol efin-based

copol yner the nononerpool of which conprises at |east

al | the mononers of Reactor train (1) (but may have a
00143, nehoskewpoal FlGas, tthe monemer-rishgphase eehgrging from the
Stelﬂgratc’&?lglleydgr may be fed to a single separation tower or knock-out pot to
remove undesired heavy components, such as excess solvent and catalyst killer,
oligomeric side-products, etc. from the monomer recycle stream at the bottom of
the said tower or knock-out pot. The monomer stream emerging from the top of
the tower is then recycled back to the copolymerization Reactor train (2).
Optionally (not shown in FIG. 8), a light purge stream can also be removed from
the recycle stream before feeding it to Reactor (2). Advantageously, light purge
streams may also be taken from the streams emerging downstream of the
Separator-blender. Such purge configuration can reduce the compression cost

associated with bringing the monomer recycle streams recovered in the finishing



enbodi nent shown in FIG 8, the Separator-Dbl ender

separates a nononer-rich phase containing residual
womOI®be4f rom Reactor train (1) and cononomer $dm@¥08/002899

Reactor train (2) fromthe polyner-rich blend phase

contai ning a blend of ol efin-Beked honopol yner and

ol efin based copolyner. In cases when Reactor train

(1) conprises two or nore reactor trains (not shown in
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speci al case of the above configuration is when all
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.undesi red heavy conponents, such as excess sol vent and
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t he mononer recycle streamat the bottom of the said

tower or knock-out pot. The nonomer stream energing
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stering ond (fegdinghedymenisans gther iadditives g sobiticaeasimmplten form
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downstream of the reactor trains and may be mixed in at one or more than one
locations. Generally, the earlier, i.e., the further upstream, these additives are
mixed with the process streams, the easier the mixing is due to the lower
viscosity of the process streams. However, many of the additives may be
poisonous to the catalyst or may cause other complications in the operations of
the in-line blending process. For that reason, they may be brought in later, i.e.,
further downstream, to minimize or even eliminate the possibility of such
negative process impacts. As it will be appreciated by those experienced in the
art of polymerization technology, the optimal mixing point for additives is

specific to the additive-process combinations and can be determined by applying

standard chemical and polymer engineering methods.



recycle stream Overall, the enbodi nent depicted in
FIG 8 may be nore conplicated and hi gher cost in the

wosRpsi®bar section relative to FIG 5, but maywydifus2008/002899

sinpler and | ower cost in the nononer recycle |oops
because of the decreased need1Pbr separation towers.
[00144] FIG 9 depicts an enbodi nent that is
configured and operates as the process shown in FIG
o1efept Alshawillt be aﬁp@eméu BErofenSkRRACHAT the attn of 1ehemical
serves al so as a buffer vessel. The use and operation
aiginegringtthe prasesbsthematie sietdils ofsthdatesignbefithermdeomiet recycle
in US. Patent Application No. 60/876, 193, . . Lo
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one skilled in the art of chem cal

[00147] The processes disclosed herein provide an effective recycle pathway
for making in-line polymer blends made by homogeneous olefin polymerization
processes, particularly for bulk homogeneous polymerization processes, such as
bulk supercritical and bulk solution olefin polymerization, an example of which
is bulk homogeneous supercritical propylene polymerization in combination
with propylene-ethylene or propylene-butene-1 or propylene-hexene-1 or
propylene-octene-1, etc. copolymerization. As will be discussed in more detail
below, the efficient separation of monomer and polymer is achieved by
advantageously utilizing the cloud point pressure and temperature relationships

for the relevant (polymer/olefinic monomer) or (copolymer/olefinic monomer



engi neering, the process schematic details of the
desi gn of the nononer recycle processes for use with
wof dobd/thophaase i n-1ine polynmer bl endi ng di scl oseg¢Then6isnezseo
in ternms of reactor configuration, separator
configuration, valving, heat-Hfnagenent, etc. nmay be
set differently without deviating fromthe spirit of
t he nononer recycle and in-line blending processes
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enbodi ments of the processes disclosed herein will be
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shurop pbBmeeradtionepriozeds. on i n conbi nation with
propyl ene- et hyl ene or propyl ene-butene-1 or
propyl ene- hexene-1 or propyl ene-octene-1, etc.

rpol neri zation. JAs will, be discussed in nore detail
y Qps o of nononer and pol yrmer

o or agthi ' QuSley il 7] he..cl aud
[%%Tﬁ] pr\éggﬂfgdan eﬂaﬁ%ﬁ%at% Er%dy'l&gégt P%%g i§l§9f g? {Iﬁge by the

m@ismentedyeld prevessesefornuse withoflaid phkse in-line polymer blending
(copol ynmer/ ol efi ni ¢ nmonomer bl end

disedosedr berginne pnajoy | feansiononb mebl;ehd?ié? defirmdeap S0Py lozrmore by
weight of the blend. A minor fraction of a blend is defined as less than 50% by
weight of the blend. The monomer recycle processes for use with fluid phase in-
line polymer blending disclosed herein are advantageous for producing olefin-
based polymer blends in which the polymers can be divided into two groups, P1
and P2, for which the following conditions satisfied:
N(P1 + P2) = N(P2) and N(P2) > N(P1)

where N(P1 + P2) is the number of monomers in the combined monomer pool of
P1 and P2 polymer groups, and N(P1) and N(P2) are the number of monomers in
the first (P1) and second (P2) group of polymers, respectively.



copol yner/ et hyl ene- pr opyl ene nononer bl end), etc.
m xtures. [00148] For illustration, cloud point curves

wooes/fbeun in FIGS. 12-21 for three different pcr/us2008/002899

pol ypr opyl ene sanpl es having different nol ecul ar

wei ghts and crystallinities dil8olved in propyl ene (at

18 wt % . (Achieve 1635 PP is a commercially avail abl e
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feed anenemefonfuthe vombirfaduhdmohaarl copdlyneerpatisiiereactor trains.
| endi ng di scl osed herein are advant a%ﬁ‘gus for
1‘39 RrdRiting Sicarplapabemopelymer-copelimer blends mnlud\:@olypmpylene
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nunber of mononmers in the first (Pl) and second (P2)
group of polymers, respectively.[00150] In particular,

BRSO Ef, 55 25850k Tl b Huth BRRSE intin
pAYABE BT [AECIBEQANELE are also advantageous for producing olefin
based polymer blends of a homopolymer or a copolymer and a terpolymer. Still
more particularly, the monomer recycle processes for use with fluid phase in-
line polymer blending disclosed herein are advantageous for producing olefin-
based polymer blends of a homopolymer or copolymer and a terpolymer wherein
the homopolymer or copolymer and terpolymer have one or two common
monomers, respectively. That is the number of feed monomers of the
terpolymerization reactor train is equal to the number of feed monomers of the
combined homo-or copolymerization and terpolymerization reactor trains. Non-
limiting exemplary homopolymer-terpolymer blends include PP homopolymer —
ethylene-propylene-butene-1 (EPB) terpolymer, PE - EPB terpolymer,
polybutene — EPB terpolymer, etc. Non-limiting exemplary copolymer-
terpolymer blends include EP copolymer — ethylene-propylene-butene-1 (EPB)



ol efin based pol yner bl ends of a honopol yner and a

copol ynmer or bl ends of a honopol yner and terpol yner or
wolesrdsosaf a copol ymer and a terpol yner, etc. pcSiid2b08/002899

nore particularly, the nonomer recycle processes for

use with fluid phase in-1ine-pg88ymer bl endi ng

di scl osed herein are advantageous for producing ol efin

based pol ymer bl ends of a honopol ymer and a copol yner
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nononer. That Is the number of feed monomers of the
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Still” nmore particularl he nononer recycle processes
Hlendinge proddssf Uisctbspaherdin indhedgsolay majob! fradiiog of a highly
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(EPB) terpolynmer, PB copolymer - EPB terpol f/rrer,
nonheystadling tpoipmer (whpre tigHow or non-crystalline polymer is non-

elastomeric.

[00153] The polymer blends made by the monomer recycle processes for use
with fluid phase in-line polymer blending disclosed herein may provide for
improved properties, and hence use in a wide array of applications. One such
exemplary, but non-limiting application, is in medical applications requiring
improved resistance to sterilizing doses of high-energy radiation. A polymer
blend useful for this particular application may include from 75 to 99 wt %
moderate molecular weight propylene homopolymer with 1 to 25 wt % of an

ethylene plastomer (EP copolymer). Alternatively, the ethylene plastomer may



terpolynmer, etc. [00152] The weight fractions of the
i ndi vi dual pol yner conponents in the bl ends nmade by

wd hwes/f@paner recycl e processes for use wth flpdduRi@sR2s99
in-line polynmer blending disclosed herein may be

simlar or different. The poly¥er bl ends di scl osed
herein may al so derive simlar inprovenents from
conbi nations of different materials in simlar or

158 fréstaesd by ﬁppfdﬁymetﬁyltnméﬂ)pd?ﬁieﬂg:cﬂﬁaiﬁhige frdma8-16 wt %
useful polynmer blend made by the fluid phase in-line
dthgledenglhs plastomen er higheprapylenencopalymes compasiest of the blend
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tefnperatofd tot thegblenidow Padlytriengblpndy rofr propytherse ionwopolymer and
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gthylgnerplastomer omnprorylenesthylens icepobymerppte generally clearer or

usef ul pol yner bl end de by, the fl uj hase in-1line

pEyets o b il S aBYieng RomdRoPy BEESEmpitnght
fraction of a highly crystalline polynmer with a m nor
fraction of a | ow or non-crystalline polyner where the
[00454] noStillramithér exemplaly,nbut hon-hinticihgsipplivation of where the
[ 00153] The pol yper bl ends nmade by the nononer recycle
mpmss blends gnadgs by she manoger rgeyele precaspefefqsaisg yeith fluid phase
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tenipeatact epdraimens. tRolginer bléntsngefldlsfes this particular application
hi gh-energy radi ation. A polynmer blend useful for this
mpay tineludariremp6o dat 9D windy of ric sifepropylaneshemopolymeervand/or a

derate, ecul ar wei ght pr.opyl ene honopol yner wi
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o o8 B et e BOBAET AR, TR 230 0 % of
omdndhéry| @fe comimomeérsprop®lener dhagomer Oplikenethylene-propylene
cogol yner conponent of the bl end )

rubber). In applications requiring clarity, incorporating into the polymer blend a
minor fraction of a highly compatible ethylene plastomer or propylene
copolymer known to have a minimal deleterious effect or even a positive effect
on the clarity of blends with polypropylene may provide for such. Such
plastomers comprise those with a refractive index and viscosity similar to the
polypropylene with which they are to be blended. Compatible propylene

copolymers are exemplified by propylene-ethylene copolymers containing less

than 16 wt %, less than 11 wt %, or less than 6 wt % ethylene units.

[00155] Still yet another exemplary, but non-limiting application of where

the polymer blends made by the monomer recycle processes for use with fluid
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phiasp)ihdire-poles terrding ldisotosed reréidn@nd bpplicdtRAr fe thbse where
nearly as clear as the unbl ended propyl ene honopol yner

matesiate nequifing 15 gLonthinatiomrodt stiffness eanel ampactbresistance and/or a
pli.cati on qf, where the pol yner bl en

non-Jlimti a ds

m”@nsyov r?re}'ghfagdﬁﬂﬁtaneweﬂemm%& EeHEaneq Aupolyinehblend useful
i in-li . b i I i,sclas rein.

o R I L Ml

ifrfsiiet Fesidamodslitewad o8t aMGre i '

lI ow teénsgg? at ur ééenvi r%%@ngrgt% g Pol )}%gfril CI‘bllﬁfel Hgbll@eéfrmléms useful

foorthishipartparar applicatigrp| mayt inoludenfromndude 99 owt 83 bb a stiff

99 %of a stiff propylene honopol yner and/or a L
Rrapxienc hgmepokymer and/ob i selativelyostiffi howgcqnopgmen econtaining

PR RoRR i LAY P 1o oy R plastomner, propylene
| .
o e T aoher . O R, X eopdrfer.propylenc

etastomey (like cathylenaiprogylent arubber)poyigestifieds chrdl HeMtOfesistance
fraction of a highly conpatible ethylene plastonmer or

Y By | inpreasesh by yinereagingawhet homepelymenriari skl copolymer portion of
eleterious effect or even a.pasitive effect on . the

(B B D oH e pfe e TonPoR R yp B PR TesissRRcomRd b pproved by

; : r [ j Lve

iitSasing 0, PLSfnel ' opSfe’ ESpJipiRe b, cibyleh EREHAbE rubber

potticlh 6hale ablendo LFhd| durited. balanpat dblprodiciPuitiBites may be
copol yners are exenplified by propyl ene-ethylene

agepup mbxamamfn?gglanemm A twé compgneness t han

11w % or less than 6 wt % et hyl ene units. [00155]
Still yet another exenplary, but non-limting

cat | t n@s. : 2] :
9B 91 Sy MR G NS PR s o wher
therpblymeerpblende madecbylithe mbsemes estydRy pidtelieddfor use with fluid

application are those where materials requiring a

phastbimkine palynesblehflingsdiseloded hpein findsappliwation aneltlose where
a‘device and/or package must be sterilized by high temperature and also must be
soft and able to withstand impact abuse even at low temperatures. Polymer
blends useful for this particular application may include from 75-99 wt % of one
or more stiff homopolymer and/or copolymer components and 1-25 wt % of one
or more plastomers, low to no crystallinity propylene copolymers, and ethylene-
propylene rubbers.  Where increasing softness of packages and device is
desired, one may use a greater fraction of the one or more soft components in the
blend and smaller fraction of the one or more stiff components in the blend.

Polymer blends useful for this particular application may also include a major

fraction of the soft components and minor fraction of the stiff components.



conmbi nati on of heat resistance and inpact resistance.

A polyner blend useful for these applications are
WS008/ A@hogi N conposition to the bl ends specifi 142008002899

i npact resistant devices and packages. More

particularly, polynmer blends-tbeful for this

particul ar application may include from60 to 99 wt %

of a stiff propyl ene honopol yner and/or a relatively
Héndd thel 1‘&%6 QTuIYREr Gitdai MaY dnclude s 0 evtcapef theestiff polymer
and 1-40 % of an et hyl ene pl astoner, propyl ene
compponent and d:95 mit9g cff-tée) soft plyrheccomponent, or
conmonorer - propyl ene el astomer (like ethyl ene-propyl ene
rubber). The stiffness and heat resistance may be

ig@éS?j/"f’r:?Sﬁnr)Hlgqr{:%gﬁérp%)éérggllagﬁgﬁ&g*@éﬁﬁniﬁﬁgséﬂﬂlfcation of where
tE@r JASReP Hlditsymalld By fiRAgonbitr Teade prdvesies FomuseyRath fluid
y ‘intreasing the plastomer, propylene copolyner or

phidsy limdimeppalpiriee béerdihp eischosedi lareinf findapplieatibn afieefilms which
desired bal ance of product attributes may be
aregeapired e anely andc aIsepbatirdlatielyflopheleyajgd temperature yet

SRR, SO M BB BRE PH ol of biend

0 se u bl istant
i gL comRER, RIS RROSEN Sosiacd Kyl s
ddvigesaaid/ o€ padiiges ol epplyfiar thigpatticulee tapelbbfilm application.
package nust be sterilized by high tenmperature and
Simsitarrmelatiomehipsfhetaieen aompeting propertinand thraralativngsages of the

IR eSSBS e T R Wl ey,
3555030 T 51 500 Y SR EL BB ity

lﬁi?l‘i’elt fehiperatures, avhéreal Ya preapst! RAGIGIOPOYETEOR , polyther component
ethyl enepr opyl ene rubbers. Were increasing softness

may fiapiraye sealn foramtioneati bvrsiempratores and, sealestegngth at normal
greater fraction of the one or nore soft conponents in
CAPCHBS- and smal l er fraction of the one or nore

stiff conponents in the blend. Polynmer blends useful

for this particular application may al so i nclude a

@'198]”«'1%&*1 ol {rxlaﬁcsqﬁﬁteﬁ@rquaggt alsan®eniutidized as the soft
raction of the s¥|,ff conmponent s. Hence the range of

qurhpoment bfoerthe applicaticnu geeviogdyvdesesibéd.t Heorsexantple, propylene
lrl)c?rln)(;goelrymers and low comonomer copolymers containing relatively large
quantities of chain defects such as stereo- and/or regio-defects may be used in
the aforementioned blends in place of or along with the plastomers, ethylene-
propylene copolymers and other modifiers. However, one distinction between
the high defect propylene homopolymers and low comonomer copolymers and
the previously described plastomers, ethylene-propylene copolymers and other
modifiers is that high defect propylene homo- and copolymers provide relatively
less improvement of low temperature ductility in the blends because their glass

transition temperatures are not depressed below the norm for propylene



conponent and 10-95 wt % of the soft pol yner

conponent. [00157] Still yet another exenplary, but

wons/1dodist i ng application of where the polynempdiennNs002s99

made by the nononer recycle processes for use with

fluid phase in-line polyner bltendi ng di scl osed herein

find application are filns which are required to nelt

and forma seal at relatively |low el evated tenperature

pelynters | in WHe NhBdehck NbEISighificaht "hiabulMsIET ethylene comonomer

tenperature. The range of bl end conpositions

ipcerposatetl yinptheirféhaihs, or soft, el evated tenperature

resi stant devi ces and/ or packages would apply for this

particular type of filmapplication. Simlar

{ onsRi_ps .-hetween conpeti.n ropenties apd the

(08185] Ve "tisb3ul b Fru e RE 152 BsmaBilsd analtn @roiafo polymer
9= i 5 i : y, _

FEMerYy  VRFUGRE tof e SO RICAIOAEA | pBlARLY biends and  their

advantagseus hppkiemtionsihay betiadé whitme detRipgr Rom §i2, spirit of the

whereas a greater fraction of the soft polyner

Mmshéﬂsn&awrpmedvbysﬂmd fpbamatmdmeatblm&ag process disclosed

tenperatures and seal strength at normal tenperatures.

}'[36%%58] O her polyneric materials may al so be utilized

as the soft conponent for the applications previously

descri bed. For exanple, propylene honopol yners and | ow

CaslyspSystemoDobviews containing rel atively |arge
lguantiti es of chain defects such as stereo- and/or

Q160 defEag snormgmpr recysde iprocessesffor ersevithnBdidiphasts in-line
[ . i h | ,
rolrE Rpding CiskARE trs . i Rlien Ry s of satalyst systems
' ' ks { ' L. ..
B A e I T ——

sectibrt bEthey processs| Yhe encndmedralyar! froREsses for pse with fluid phase
et hyl ene- propyl ene copol yners and other nodifiers Is

in-hiae polgmed bl ending digolosedehéremmagralse afitizy nke same or different

rovide relatively | ess inprovenment of |ow tenperature
chtabiss or ;PaFaﬁY?tth‘é“’E}Pé%dgl Hhecdiftarert idivigpak seacters soft thenreactor

. bel f . .
S T R
a0 sFstemseive th EdiP tHR HAYOFER of HEOERANAL 8Fste Cart D&Y and any

chai ns.
combination is allowed. For example, the disclosed process may use

unsupported catalyst systems in some trains while using supported catalyst
systems in other trains. In other embodiments, the catalyst systems in some
reactor trains may comprise aluminoxane (for example, MAO) activator, while
comprising non-coordinating anion activators in some other trains. In another
embodiments, the catalyst systems in some reactor trains may comprise Ziegler-
Natta catalysts, while the catalyst systems in other reactor trains of the invention
process may comprise metallocenes or nonmetallocene metal-centered,
heteroaryl ligand catalyst compounds (where the metal is chosen from the Group

4, 5, 6, the lanthanide series, or the actinide series of the Periodic Table of the



[00159] As will be appreciated by one skilled in the
art of polyner engineering, variations to the

woabheyeosat i oned pol ymer bl ends and their advapicageaus/ 002899
applications may be nmade wi t hout deviating fromthe

spirit of the polyner blends-priovided by fluid phase
in-line blending process disclosed herein. Catalyst

System Overvi ew. [00160] The nonomer recycle processes

EfRn adlydts Ua€tiPAREC by e ddah¥ Tor RbRLYokdinating  ani
d@scﬁs?e\é'uatweﬁe%n mal\y util lryze any nunber of catal yst g anion

®YIVatTs of ahg eontiiratiens theresf. cat al ysts) in any of the
reactors of the polynerization reactor section of the
process. The nonomer recycle processes for use with

s 538 ALt RS B B8 GREBBEhed
5L LT 50 S, By S5 RIS [£5EPopyinc

Hasdiobkh E . PI'NR0sE, 38 d B alaier UNewaY 8K, flooentMerllakyisé catalysts
systens we nean that any part of the catal yst system

inghe samy refederaeyare slebembed asisixth genayakion c#atysécanpl e,
the di scl osed process may use unsupported catal yst
systens in sonme trains while using supported catal yst

BY3ER, ' A OMRloskhi*biRn! hoARAAYGERRS ERH Sen b8, heteroary

at a t systens 1T h sone reac ralns nmay conp

1840d ERXFEE coMPouRIS (Where WOneddltis\cHoSén HWth!tRe Group 4, 5, 6,
conpri sing non-coordinating anion activators in sone

the hianthamde sseries, arothee ractimibded i seeies sof tthe BetiadigsTable of the
systens in some reactor trajns maé conprise Zi %gélier-
Klgmeatyqars defined g thecclasseoicnonmgtallogng metalrGenirrgd, heteroaryl

reagt or .trains of fhe.invention,process QI se

R b QoM Sinden ity BEMETIE SRR BPFRBrOUBY, 5, 6, the
128MhaRRRY ¥ridsi 9RMHe GRIRIIES §erf QB I PefiviR! TableCofMie@Elements.
I's chosen fromthe Goup 4, 5, 6, the |anthanide

Jast aedn thw casecofunictallabens exatalgstof theheortrétalldceneTalketal-centered,
of theEl enents) catal ysts activated by al um noxane or
heteroand digandtqataly stracsnpewndsarhsre thy metal is shesamafrpanthe Group

4 15 o btharick ebieS BE TS Atin) G Seftes GG Peribaic Table of the
Elements) catalysts are typically made fresh by mixing a catalyst precursor
compound with one or more activators. Nonmetallocene metal-centered,
heteroaryl ligand catalyst compounds (where the metal is chosen from the Group
4, 5, 6, the lanthanide series, or the actinide series of the Periodic Table of the
Elements) catalysts are described in detail in PCT Patent Publications Nos. WO
02/38628, WO 03/040095 (pages 21 to 51), WO 03/040201 (pages 31 to 65),
WO 03/040233 (pages 23 to 52), and WO 03/040442 (pages 21 to 54), each of
which is herein incorporated by reference.
\

[00163] While the number of different catalyst systems deployed in the
disclosed processes can be any number, the use of no more than five different

catalysts and more particularly, no more than three different catalysts in any



first, second, third, fourth, and fifth generation
catal ysts in the Propyl ene Handbook, E. P. More, Jr.,
woEos/10vaser, New York, 1996. Metal |l ocene cat glougitis20d802899

the same reference are described as sixth generation

catal ysts. [00162] As di scl osétt-herein, nonnetal | ocene

metal -centered, heteroaryl |igand catalyst compounds

(where the netal is chosen fromthe Goup 4, 5 6, the

%@Bﬁ haattde i§ aldvasta tg@bui lF8r 2ebh&inite réonss %etdh‘f)loyment of no

eri odi c Tabl e of the Elenents), are defined as'the

mbees thamf tmowt&lyatsl mctm:edc;dbymene of ercethort) ¢har i gatalysts in the

I|gand cat al yst conpounds, where the netal is chogen
Qiy they, P@Y“‘GPIZ@H@UImﬁ%ﬁwllﬂead:i@maﬁouﬁr Qrpgconomic
rles of the Per.i

ffﬁi%nsas THE! (05 . 3t e RGNS JGT0Ted) ipl Me THREH “may be
Hgérféloh %{f&i v\ﬁl her ﬁ@ld hl"e*a@ﬁ@l‘i” HediigaRd may form a
cat ar yst npou e

re the netal 1s chosen fromthe

Katerogedeous, sélid t;imesé antthandedetoser Ire one opartibelaacadmbodiment, the
series of the Periodic Table of the El enments)

qaaalastﬁ%)t & 4nee)t hpmogengoushiiedissalued g thex |ﬂ1§d areaction medium.
al yst precursor conpound one

B A1 R i BiesRoRR AcS el Raston: B O Rerizagigny feactor, it
s (where the netal is chosen

I#?gﬁggﬁgﬁéﬁéag}Hﬁagﬁﬁﬁﬁgkhe | ant hani de series, or the

actinide series of the Periodic Table of the Elenents)

catal ysts are described in detail in PCT Patent o

[90564 at i bhe lmcessr\odtszlmdzsxerm 0344099 5aigpagembination of

51), /040201 (pages .3 1 to 65), WD 03/040233
@%éﬂeggs @pddigferogene @éalaatomze%éﬁ@él anepusly prgsent in one

cﬁgﬁ§]§3§’f@% 1?12 1\%@%&%%%@{ > g? ﬂ{oeo ? 351 rent ﬁi’lo[lerﬁg&g F g&t Oyd-e-» any
reambpmhd ﬁbl&ﬁfér@aﬁ@h %é@l(i’oﬂp b q%s%s&@emqﬁvm@maywém one or

the use of n0 nore than five different catal ystS and
moree hpmogenedus cytalysd systeens land orer e mofef hetenogeneous catalyst
catal ysts |n any?l ven_reactor is, advantageous for

syesAsTisEmplanesly. Thd hge prosasendisglosed herewm tmay, alsp use any

L9V,

NS o R SEBE PR oMol S50, B, getoved n
tRE QSS9 MmekizafioN afthd@R Odetion! eIt SmbRAROAS - comﬁnﬁ“%cenarlos
or nore catal ysts deployed in the reactors nmay be
when some or all reactors use a single catalyst and scenarios when some or all
reactors use more than one catalyst. The one or more catalysts deployed in the
process disclosed herein may be supported on particles, which either can be
dispersed in the fluid polymerization medium or may be contained in a
stationary catalyst bed. When the supported catalyst particles are dispersed in
the fluid reaction medium, they may be left in'the polymeric product or may be
separated from the product prior to its crystallization from the fluid reactor
effluent in a separation step that is downstream of the polymerization reactor

section. If the catalyst particles are recovered, they may be either discarded or

may be recycled with or without regeneration.



honogeneously dissolved in the fluid reaction nmedi um

or may form a het erogeneous solid phase in the
wo Regines | n one particul ar enbodi nent, the cal@ySbdsan2899

is (are) honogeneously dissolved in the fluid reaction

medi um Wen the catal yst is-phesent as a solid phase

in the polynerization reactor, it may be supported or

unsupported. [00164] The process discl osed herein may

[00e65]'Y CTHPicARIYIMEY alsyTBgsissvited b shricaired 80pPUs, such as

catal yst systens sinultaneously present in one or nore

fof exhmpleydinendliths camptising stfaighteomtaruansi channels, reactor walls,

reactor section, j.e., any, reactor of the )

) WF@’P?&%’&H‘% When e catalyss e ék‘éﬂ?n?&mm&?ﬂ myy take place

0 [ n r r e t .

S BtBer el Eoioiely L SNATHEBERIRy 3 Bpoto R E5peR partictes
oije%ﬁdrﬂr}ﬁﬁy' $ke ﬂﬁ@@ vﬁi]ﬁﬁﬁ%ﬁtéﬂyﬁ%@&%ﬂyhﬁﬁhe cH@szﬁ'i§ feft in the
use any conbi nati on of honbgeheous and het er ogeneous
podymkyist peoditcens Inleqiatherd embddivaenty| ymsepippeted ocatalysts may be
reactor_ section. These caonbi nati ons conprise scenari 0os
distedvesbinethg fluid reaction mediume a singl e catal yst and
scenari os when sone or all reactors use nore than one
catal yst. The one or nore catal ysts deployed in the

S 0
O PO T oo R RI sty TRV RBLARBI e Poactor by gy mumber
dfohytieids z aF b oxamapld) thercaralystbag i ditf@iliced with the monomer-
stationary catal yst bed. Wien the supported catal yst
ooataininigefeedrer sipapateled Also,tthe datalyst(s)emeyibeni ugagd through
t he .he left in the polynerij.c product or . he .
cglgéérlgﬁlé@kf? PSHS AR éh%{:(@&ﬂgt I\é Fri“ﬂt pl(egpq sare used 'Tor introducing the
ald,j ' h [ of, efifl j :

GRATC Pl P e Bl . ERAkly Plle WA boF' af different
poRItiviR! hkodlg @e rieagtholofseiet redttor. f Ithenwltiphd Woirts are used for
particles are recovered, they may be either discarded
introdriging ¢he eatabyist,ctheicompmsition ami:the amount of catalyst feed through

T G K L IR —
A RSB0 i B YR ygion o

¥t PPrdplefiibs, ORREtRt a0 NforB¥xampR:, PhisleciflAr diveipdit S diktribution,
particles. Wien the catalyst is supported on dispersed
cpmpasitias composition distribution, and crystallinity.

Catalyst Compounds and Mixtures:

[00167] The processes described herein may use any polymerization catalyst
capable of polymerizing the monomers disclosed herein if that catalyst is
sufficiently active under the polymerization conditions disclosed herein. Thus,
Group-3-10 transition metals may form suitable polymerization catalysts. A
suitable olefin polymerization catalyst should be able to coordinate to, or
otherwise associate with, an alkenyl unsaturation. Exemplary, but not limiting,
polymerization catalysts include Ziegler-Natta catalysts, metallocene catalysts,

nonmetallocene metal-centered, heteroaryl ligand catalyst compounds (where the



operations may take place without catalyst recovery
i.e., the catalyst is left in the polyneric product.
wol ogebdaer enbodi nent, unsupported catal ysts pg8yud2608/002899
di ssolved in the fl ui d reacti on nedium [00166]
Cat al yst systens may be intreduwsced into the reactor by
any nunber of nethods. For exanple, the catal yst nay
be introduced with the nononercontaining feed or
rﬁ@ﬁ@r@tcﬁb!{en AGif; thE '"Gr(ﬁfﬁ al St She 'Tﬁr){thaﬁldenkrri%‘iu%?%e actinide
hrough one or nultiple pofts to the reactor.
srmles iqfl the (RericliaTables efl the Elementayl vatahysts bad claﬂeaﬂramﬁt,lon metal
those ports may be placed at essentially the same or
catalystst er ent positions along the |l ength of the
reactor. If nmultiple ports are used for introducing
the catal yst, the conposition and the anount of

(684 @b%St df)?ﬁﬁ’)&i%{l%ﬂ%glct E? nlddfd B’ét&l F!ﬁllle adipvd ét%tm%tsb ﬁ%s%rl‘éferred to

Sane eren ment anmount's “and

a3 catalysl ysterh§hertdh, érﬁtﬁ cgfalyse rp?ék!urﬁkﬁf é&nﬁ@@iﬁseSChfa?yst systems
modul ation of polyner properties, such as for exanple,

are lactivt aatalpsty feompiriting el emmorce eptadyst ippegursor compounds one

conpositiqn distributio ndcystalllnlty Cat al yst )
€ KA SRR VatoRSe At 0BG F ey op Bete SUPPOrtS. © Catalytic

55 RS 4, A, SRS e
doﬁnﬂdh’ﬁds G@itﬁdn)‘tsitmlbl?u%' tHdt@he 'ﬁEhVe @Sttal))é? ig! ﬂiﬁeé_retgg?sor compound

pol'ymeri zati on condi tions di scl osed Herein

alproup-18 shouldr besindemstood tthats theapatalysinpseduradr & inactive without

pol ynmeri zatj on catal sts A suitable olefin

bﬁmgjﬁenﬁafm o ew«gatr%t@ dswish adprepersmouns of astiviates: eSimilarly,
n_al k

tﬁ% §gfq5¥s§tchwwkﬁigﬁl§$§$ | & tvﬁmoq% Son 1mqg '%th a proper amount of
p?é’édfg&r 'céﬂﬁio%ﬂdc atagy Wﬂlsbé&ﬁhé'd&eaz' ﬁ%h?rth%'%il@wmg description,

catal ysts, netal |l ocene catal ysts, nonnet ocene
somteadctvatdrs raeel vetyed fficdentydndl dapebrecusedtssbighiometripallpdwhile some
where thenetal is chosen fromthe Goup 4, 5 6, the
lms hafisi yeeds d en. eXCesHr andema@pmqrnwsS lrgesexsess, hw achieve high

Bl o‘(fjlté:%‘,-g’? teagfjgﬁé{{égﬁ %Oélic céﬁé%qt?ﬂ?fqngarpfe the catalyst
p?%’éih‘!s& bgopeGndE! vveg%&ct éd&ﬁec%tfalt}i%es a@iviorse’ €8¢ €Example

methylaluminoxane (MAO), increase catalytic activity as expressed based on the

concentration of the catalyst precursor compounds, they are sometimes referred

to as "cocatalysts" in the technical literature of polymerization.

[00169] When utilizing homogeneous supercritical polymerization
conditions for making one or more of the in-line blending components,
homogenous polymerization catalysts, such as metallocene-based catalysts and
other single-site homogenous catalyst systems may be advantageous. For
example, when polymerizing propylene under supercritical conditions,
particularly useful metallocene catalysts and non-metallocene catalysts are those

disclosed in paragraphs [0081] to [0111] of U.S. Patent Applicafion No.



as catal yst systens herein, and catal yst precursor
conpounds. Catal yst systens are active catal ysts

WO obeyNg one or nore catal yst precursor copRaud60s/002899
one or nore catalyst activators, and optionally, one '
or nore supports. Catalytic aéti-vity is often

expressed based on the concentration of the catal yst
precur sor conmpounds w thout inplying that the active
1667988 and ﬁmgfﬁpﬂﬁu[(ﬂ%] CopeR9B] af ANS. PdtesthApplickGon No.
under stood that the catal yst precursor is inactive

Wi/ W04, the paragoaphscafesthich dreherein imeirpdratéd by aeferape:
anmount of activator. Simlarly, the catal yst activator

is inactive without conbining it with a proper anpunt

B01POF o G JTPIRRIS isdiSsdd HerRRSRT sHREY, B St catalys
cgrﬁ SURRt tPBfllof aRe ggmpéﬁfés&hat Gt QB%kd E¥m Mhﬁygl fer. Mixed

ot hers are us n excess, and in soneti arge

euxalgstssystemsipropaved frioghmuoat ahatt bne @atalyst preassor compounds can
expressed based on the concentration of the catal yst )
ber eaployed indhgdorline blending pneessss toradtes ascselechdesised physical

03T GRS 5P SRR ML Bl Sims an coml e
RS R0 SRR bR SN EAPONA g, it e

iheeitiore prodessedr ot fisrethef imvehMoRpolfincds). Th WheShbYlRRent of the
utilizi (r;g homogeneous supercritical polynerization ‘
proeehises shisclosad hatding then polyrmemzatiasr reantiongs) may be conducted

AT 38O RREIRR RS T St B i s,
A5 08 SR SRIRACHRAEER SR, N vt e

sdfiedr diffeeemtrdctivatirs @ad dhtrb@iced it the polyimetiZasiohystem at the
net al | ocene catal ysts and non-netal | ocene catal ysts

same ohdidterantsiiines.e d Hiese pustamsagansalp@0fitjortadly], e iskd ovith diene

US P t icati . 10/ 667585 d h

iPGAFPSTAtias ToufABD]tatsr ong ShalsLpgRE N ABHISIAMHSRd RElay ! Systems and
: whi ch are herein

q}%lég‘geggét{‘é%&&é}%ﬁ %CQ%ZY&FBSONO] The processes

di scl osed herein can enploy m xtures of catal yst

conmpounds to tailor the properties that are desired

[00d71) he psldisdosedvherain, two or more of the above catalyst precursor

compounds can be used together.

Activators and Activation Methods for Catalyst Compounds:

[00172] The catalyst precursor compounds described herein are combined

with activators for use as active catalysts herein.

[00173] An activator is defined as any combination of reagents that
increases the rate at which a metal complex polymerizes unsaturated monomers,
such as olefins. An activator may also affect the molecular weight, degree of

branching, comonomer content, or other properties of the polymer.



catal yst systens prepared fromnore than one catal yst
precursor conpounds can be enployed in the in-line

wooedostg processes to alter or sel ect desireddy3iikan2s99

or nol ecul ar properties. For exanple, m xed catalyst
systens can control the nol ecul&r weight distribution
of isotactic polypropyl ene when used with the

i nvention processes or for the invention polynmers. In

ANA leriadkamNin® A lamenih RS Axtidafors.osed herein, the
pol'ymeri zation reactron(s) may be conducted with two

90174} e chi ahgsfbrm; enel g anoxecaipminosanes dréaitidined aS| areactivator
or in serles particular, two different cataly

igr dher @o n%olnlﬁadmgs rrasesses adisclosed chereim ¢ ik ybn@ummoxanes

d. d i
SS%W saff B ioSaRey in M 88 E%Cel L Aigomarisompounds
{ I
‘I’U‘n‘iﬁrﬁb’%it’?@??ﬂ AUBAn ISP IRES 105 T A BN (Efptes of
atumenoxcaiealizduds ylﬁthyhlwmmdadagb (MA@),smodifiddinkethylaluminoxane
term nated pol ynmers 00171£ As disclosed herein, two
BAMAYS, @hy{)ammmemdalss) utypaluminemanec offfotlalusmioananes and
o el YRR e el poibIORS oAl itskastiyalors padurularly when
tﬁ@'@ﬁ%@f&?ﬁfqgahaeg Qeﬂaq de. arl\ﬁn{iﬁfgs‘» ?P Qiﬁ Hhlelht altua)bll%nes and

activato use as ac Ive Ca erein.

rAodidied mhﬁmoxsn@gefna@eﬂlsaswwworltbmﬁirtm aéschgﬁaﬁglt See U.S.
that increases the rate at which a netal conple

Ratenibios 668,208, uh 9930400 AHAISES, S0, 35295,?0651?9 /61204,419,
‘@%ﬁ%or 0B R Bk, o088, 137 S5 ABnd® 9 Jiem 0100 535,081,
Ris1i8 ps"mw &W%@%a@?dr BET Phtdflt PUBlichiidA Nos. EP 0 561

I’vator’s: m one or nor

467|6Um nER&ﬁE’m 886 BI,IEP 961 6aF5/RA, BPLO 594 Q'lS'A‘l hﬁ& WO 94/10180,
i n-1ine bl ending processes di scl osed herein. Ak

adl efvhisheare hiereinrinconpesated blyadfexenos indtheirentiretyt he
art, are generally oligoneric conpounds contai ning
- Al (R)-O subunits, where R is an al kyl group.

| i .i nal . | al uni
[m ef’m g{hﬁﬁe ng%gf lﬂém Qﬁoé(ﬁgﬁgﬂgﬁgrye ?m%mf?eo %rr]eunmodlﬁed)
some embodiments select the maximum amount of activator at a 5000-fold
molar excess Al/M over the catalyst compound (per metal catalytic site). The

minimum activator-to-catalyst-compound is typically a 1:1 molar ratio.

B. Ionizing Activators:

[00176] It is contemplated to use an ionizing or stoichiometric activator,
neutral or ionic, such as tri(n-butyl)ammonium tetrakis
(pentafluorophenyl)boron, a trisperfluorophenyl borone metalloid precursor or a
trisperfluoronaphtyl borone metalloid precursor, polyhalogenated heteroborane
anions (PCT patent publication no. WO 98/43983), boric acid (U.S. Patent No.
5,942,459) or combination thereof as an activator herein. Also contemplated for

\



(MVAO, ethylalum noxane and i sobutyl al um noxane.
Al kyl al um noxanes and nodi fi ed al kyl al um noxanes are

wosiod/aba as catal yst activators, particul arl ypyowehodsiRgeo
abstractable ligand is a halide. Mxtures of different
al um noxanes and nodified al ultfoxanes may al so be
used. For further descriptions, see U S. Patent Nos.
4, 665, 208, 4, 952,540, 5,041, 584, 5,091, 352, 5, 206, 199,
we2Weréih 9 ared, feldral 38r  #bn¥4adlihatord, Albhet @8, it QiBbRdfion with
5,329, 032, 5, 248,801, 5,235,081, 5,157,137, 5,103,031
alnmimoxanseenmadifiedGiiuPdnexanemadsiviatarsi on Nos. EP 0 561
476 Al, EP 0 279 586 Bl, EP 0 516 476 A, EP 0 594 218
Al and WD 94/10180, all of which are herein

FRRR 0L r PSR S BIRLE SEABH mf bsivea

BOt6RdAlubfiAlm, $a TRk FRddhaRih Or HixBses (RGP TR "lﬁref substituent
amount of activator at a 5000-fold nolar excess A/ M

groups t hee oaxchl Vindepodeatlyd seleetedrefrain calkglsyt alkeaylsg) halogen,
The m ni num acti vator-to-catal yst-conpound is

supptited pliyls,: arylspagsylhaklides . alkoxy and haligesctTheathsee ;groups are
.£Q017 t is,contenplated,to use an ionizing.or .. . .
lbaﬁe&ﬁ%}h@t rﬁe&ecg% i {ﬁjﬁrﬂr, 1Q8ETH a1 MBRO & cr,n“glﬁyﬁhﬁs (including
j ni e ki :
l{(dg)%glnitbgﬁﬁﬁ%é% %We‘g’y Ia%?cg%’o h{laaéltﬁ Ftll)élp g(r)?]lpg 8?%?0 haé1 r(11 y Iml&)urrgsn et hereof,
prefeatddoaré atkani rgsoupsoha\@ingrli RP20 Chtbonodtonts! Hikyd erous having 1

met al | oi d precursor, polyhal ogenated heteroborane
taR0osrrberatoms alkexy gsoupsahaving doto 2Dcaidonzgesis, andoaryt groups

5020 GG Gt 3o B3 0 Bty e
95, B SV 0 O SO YPIASE, AL B misures

théreof.nOXhemaddy] wit Birée drBlpy ate RARIERh&R A0 préRIMBIA! fluorinated,
stoichionetric activators include tri1-substituted

applr oigrowpuni nudltegeatelyym thed inedirain toithidmeteie  activator  is

t.hereof . The ree substituent groups are each

UISREL QHE(B’}FF’YI E%TOQc?ret(H‘SPFG#OJPRW@}’P Beesnyt s, hal ogen,
substituted al kyls, aryls, aryl halides, al koxy and

hal i des. The three groups are

[00178] Ionic stoichiometric activator compounds may contain an active

proton, or some other cation associated with, but not coordinated to, or only
loosely coordinated to, the remaining ion of the ionizing compound. Such -
compounds and the like are described in European patent publication Nos. EP-
A-0 570 982, EP-A-0 520 732, EP-A-0 495 375, EP-B1-0 500 944, EP-A-0 277
003 and EP-A-0 277 004, and U.S. Patent Nos. 5,153,157, 5,198,401, 5,066,741,
5,206,197, 5,241,025, 5,384,299 and 5,502,124 and U.S. patent application No.
08/285,380, filed Aug. 3, 1994, all of which are herein fully incorporated by

reference.



I ndependent|ly sel ected from hal ogen, nono or

mul ticyclic (including hal osubstituted) aryls, alkyls,
wodds/@dokkanyl conmpounds and m xtures thereof, picaleRI&H02899

are al kenyl groups having 1 to 20 carbon atons, al kyl

groups having 1 to 20 carbon-&0ens, al koxy groups

having 1 to 20 carbon atons and aryl groups having 3

to 20 carbon atonms (including substituted aryls).

@ Nen‘Tehiing Aldfiwatdisee groups are alkyls having 1 to 4

car bon groups, phenyl, napthyl or m xtures thereof. )

[001&8hat eAgtivatioss arg &xpigaldystrong d ¢wiiseapidsmvdich may play either

PLeher Ay fhuorinated aryl 9rouns cithie! B Sodety Wikcribed as
AL . ' £ . hy|
iBBIARE A HROBRARD s Shisgid R R SRR

compounds may contain an active proton, or sone other
cation associated with, but not coordinated to, or

[00180] oosAbytractiomd bfidoralt neuttdl digandsimay dei avhieed: with Lewis
i oni zi ng.cqonpound,. Such conmpounds and the |ike are

agadscthap display enadbaiy fondhe fommal neutral digands. Theae Lgwis acids
570_.982,, EP- A- O 520 732 -A-O A95 375, FEP-BI-Q500 . ..
G yPiall el ol freakly Copifisaleg, " Expinnie s Of non-ionizing
aav s Naetude: l’(m%ngz,’ wherd R 20T, aggrgﬁg’ I#lelement and R!! is a
5,206, 197, 5,241,025, 5, 384, 299 and 5,502, 124 and U. S.
hyalregdn, ap phydretarbyl Na. sGbitiRted389drdcatted, Arga functidndl group.

all of which are herein fully incorporated by )
Tyriealbnd. ds angreneorn 2 peeflynginated avene. N@Llizing activators also

Acti,vators are typically stron Wi s-aci ds whi,ch

ipFlag¥ SRkl pRerdBHES JrinsilipS Mgtal, CormRously Sty as Tow valent
ALfih ¥8hidiexddCt i vators previously described as ionizing
activators may al so be used as non-ioni zi ng

activators. [00180] Abstraction of fornal neutral

I igands may be achieved with Lewi s acids that displ aé/
[@0181F i ni Nonslyniting: exampigs € naraioniziggnaetivarpess include BMe;,

T T TR T S %ﬁ(im?g%é?hs, B(CFs)s,
UREnE G AL SR OaP i) O Clnsti tuted

hydr ocarbyl, or a functional group.

[00182] Additional neutral Lewis-acids are known in the art and will be
suitable for abstractirig formal neutral ligands. See in particular the review
article by E. Y.-X. Chen and T. J. Marks, "Cocatalysts for Metal-Catalyzed
Olefin Polymerization: Activators, Activation Processes, and Structure-Activity

Relationships", Chem. Rev., 100, 1391-1434 (2000).

[00183] Suitable non-ionizing activators include R'°(R"),, where R" is a
group 13 element and R' is a hydrogen, a hydrocarbyl, a substituted
hydrocarbyl, or a functional group. Typically, R" is an arene or a perfluorinated

arene.



Typically, R1' is an arene or a perfluorinated arene.
Non-ioni zi ng activators al so include weakly

woEe$/fhopat ed transition metal conpounds such ag1/@W008/002899
val ent ol efin conplexes. [00181] Non-limting exanples

of non-ionizing activators inAt?lude BMe3, BEt3, B(i Bu)
3, BPh3, B(C6F5)3, Al Me3, AIEt3, Al (iBu) 3, A Ph3,
B(C6F )3, al um noxane, Cud, Ni(Il,5-cyclooctadi ene) 2.

[00983F] Aodhdrl rﬁﬂﬁlorﬁ@lﬂgr@hvhﬁ% %@Qd@B(RV%,WM R" is an arene
the art and will be suitable for abstracting fornal

orempceﬂudnrg:aedjarenSeeAltnnmmly; nom-aomzhg agsiMatarsanciudedB(CsHs);
Var ks, . " Cocat a

dT. J. .
Eﬁ(%&s)a} yggd‘r‘]’@?‘gf INONFGNIAIRE | 26tiVasor lﬁchy(aa]?ﬂs-s, Alternately,

f‘éﬁ“’ tiEe i8Rk EREARR, ol o ifEint) GeqPhbis, bssep perfiuoroaryl

I{&Qﬂ@;’dncﬁlﬁe}ﬁﬁbﬁ) B9 Hopled | thA g1 PRRMEH NH(WIF R, (CHs)C”

, Where R10O is a group 13 el enent” and

BéChFenerandB(Celisacar byl , a substituted hydrocarbyl, or
a functional group. Typl cally, RL 1 is an arene or a

perfluorinated arene.[00184] C her non-ionizing

OB S SR B )G A P
cﬁ%]bé’&f fkfeih TabHAR Bdse "ﬁés Elggggl)ﬁgﬁéf%ﬁten Etlon No. WO

non-ioni zing activator 1s ernate

0320644834 B whichus éndorporatediby refeféite heneiniindts entlrety
activators based on perfluoroaryl borane and
perfl uoroaryl borates such as Pth\/|92H+ B(C6F5V , (

T Rkt sa, BEPpS toh S8 SR S0 isctosed
Cﬁi@ﬂﬁeddl% e hal€ rbeebﬂ t%‘féodéﬂﬁtg Légésifﬂl%ﬁcefscﬁ 4and then

pat ent publ I cation

doﬁﬂﬁne@rwtmdni@yalr @lﬂ(@lﬁfﬁﬁﬁ:hh@ﬁ efriethylalun$in@fi)i ﬁﬁtdescrlbed in US
00186] Additional useful activators for use in the

aidyeeb,5dil sxi2oardi BPePatent Nvg | ludié0 26dyA 11 Whicthareeincorporated
bee treajed.with acids (such as H2SO4) and then

ﬁg?rﬁgﬁe EHnetal al kyls (such as triethylal um num
as descri bed in US

[00187] Activators also may be supports and include ion-exchange layered
silicate having an acid site of at most -8.2 pKa, the amount of the acid site is
equivalent to at least 0.05 mmol/g of 2,6-dimethylpyridine consumed for
neutralization. Non-limiting examples include chemically treated smectite group
silicates, acid-treated smectite group silicates. Additional eXamples of the ion-
exchange layered silicate include layered silicates having a 1:1 type structure or
a 2:1 type structure as described in "Clay Minerals (Nendo Kobutsu Gaku)"
written by Haruo Shiramizu (published by Asakura Shoten in 1995).

[00188] Examples of an ion-exchange layered silicate comprising the 1:1
layer as the main constituting layer include kaolin group silicates such as dickite,

nacrite, kaolinite, metahalloysite, halloysite or the like, and serpentine group



Patent No. 6,53 1,552 and EP Patent No. 1 160 261 Al,
whi ch are incorporated by reference herein. [00187]

woAobd/Maéar s al so may be supports and include pCT/US2008/002899

i on- exchange | ayered silicate having an acid site of
at nost -8.2 pKa, the anount -dR2the acid site is
equi valent to at |least 0.05 nmol /g of

2, 6-di met hyl pyri di ne consumed for neutralization.

Sitivates rsuchngs ekeysotits; lizalditde antigsrieabt Yhé MA@t €A dditional non-
snectite group silicates, acid-treated snectite group
Emiting rexemplesiiofi theaiorerxchsings hafyetdde silivatex dtdlude ion-exchange

ayered,.silicate |include_layered silicates having a )
9¥fEaiSates Gorrisvas te 217 g as dhe vetn canatuting layer include
i ral Kqhu Gaku) " . .
SRRt B PR R Ao O Rhd b e lyonite, saponite,
Igvosrite, sreph8Rile of BHEL1iRE] véﬁ&ﬂ&ﬁ’l'it‘ésq% Rlidalys A'9€rmiculite
| ayered silicate conprising the 1: Igyer as the nmain

@rothet likeytmiga geoper silicatesdmckaasl micaritlitp, séridicRtgdsucoiife or the
s di céi te, nacrite, kaolinite, netahalloysite,

Ifke, 1 apdi ?Eaﬁ‘ﬂg!tﬁe sepreliteg npalygerskitei reenyeitg s ipyrephydbite, talc,
3 il lizaldite _antjgorite or, the like.
FGTieR anthEaer o sl sPoteRid BB #EaH, isalsgan alkali, an
L o B LT E e p—
inenelatable rgetivayrr layess udE anreivn-exchange P lBickéd adificate.  The

.such as nontnorillonite, beidellite, nontronite,
iRlgEeAlatien meansof tintroguep mther materiak hetweene layers of a layered

' ' roup sil.icates,sych as verm.culite or the
fllhf . T BB itp2 e hupificed Tricled; 9 py guest compound.

hei (ke Adt featnhd®: o2Nghat ' % parti
RS IRseokRUEABS 50l 2" RIS pariutny

atlwantagedusor i The wested helalyi kiay Théh Berpnficfed SIRCAE Gctivator
with an acid, a salt, an alkali, an oxidizing agent, a

cpemundgsucheds TBALa anddhe icatalysy eompount 4o potygmerize olefins.
conpound i ntercal at abl e between | ayers of an
i on-exchange | ayered silicate. The intercal ati on neans

gyt r od ' t { i
T Tt R
forah,| the plymegizetion GosRENEoMPHBE JessNAES St Gv%?élﬁlm)%tﬁolar species,

acid treatnent or salt treatiment is particularly
ok rsatharyd oveightr¥e orress thand wyight P61 dreleshthandhwaigteds, or less

thvgnt Pwaeri]g}%%i, of ieosrs than 1000 wt ppm, or less than 750 wt ppm, or less than
500 wt ppm, or less than 250 wt ppm, or less than 100 wt ppm, or less than 50 wt
ppm, or less than 10 wt ppm. Polar species include oxygen containing
compounds (except for aluminoxanes) such as alcohols, oxygen, ketones,

aldehydes, acids, esters and ethers.

[00190] In yet another form, the polymerization systems comprise less than
5 weight % trimethylaluminum and/or triethylaluminum, or less than 4 weight
%, or less than 3 weight %, or less than 2 weight %, or less than 1 weight %, or

less than 1000 ppm, or less than 750 wt ppm, or less than 500 wt ppm, or less



conmpound, such as TEAL, and the catal yst conpound to

pol yneri ze ol efins. [00189] Pol ar conpounds often act
woasogab@lyst poisons. Thus, in another form tplag/US2008/002899

pol ymeri zati on systens conprise |less than 5 weight %

pol ar species, or less than 412%ight % or less than 3

weight % or less than 2 weight % or less than 1

wei ght % or less than 1000 wt ppm or |ess than 750

than RE0YWPppme % 1éd3ahaR AQOWVt PP, oRredsethantI0awt Ppeh,Vdr less than

ppm or less than 100 wt ppm or |ess than 50 Wt ppm

drwt ppm.t han 10 wt ppm Pol ar speci es include oxygen

cont ai ni ng compounds (except for alum noxanes) such as

al cohol s, oxygen, ketones, al dehydes, acids, esters

h : t . .
B9 RLr T2 Syt andinE foffe aff cnd FinRlightS vptgme comprise
rh&hRil iR kien aHY 2136 Othdn! I tW¥ight WY MHMet®ylal#fum and or
than 4 weight % or less than 3 Wweight % or | ess than

téethylgbmiftimoor less sharhdrwdighe¥qlor 184s than Beseighh%s) 0t 063 than 2

ppm or less than 750 wt ppm or |ess than 500 w pﬁm
weight % s desstban i weight “eron lessthapa000owt ppmp eryessthan 750 wi

| ess_than.,50 or_less.th 10 wt_p 019

R R (s S0 PR B o FSRRS 3P Rmb By st 20 29, wt ppmm.
rdhas 5O OYHA!l B s than 5 weight %

({%?Fgr%etzlﬁylsal urr? ﬁmagﬁggﬁé?%?gﬁtﬁﬁ% um num or | ess

than 4 weight % or less than 3 weight % or |ess than

2 weight % or less than 1 weight % or |ess than 1000

[@p1 orﬁeeymeﬁ%m disologed ergin gnay ase finedy dsridedy supported

or |l ess than 250 or l.ess thap 100 wt

Bl 18 do wapers ey B -bPKis SORGHEID Wi i<t thah 1.0 mole
ol 000 JTh i i : [
4088l 50 ERRSPES B UBAR SRR, TRAAE BUIR) Broceses
&S&Wﬂem@%gﬁﬁfsé fimtdd gilivat aip ninl whi¢tltke ¥upport particle
1-hexene. In addition to finely divided supports,
diamktenemby eadga drgm o2k segstovms Itoskhengstromsyysmakk enough to

umed sjl.ica supparts in which the support particle
tIBFBr?e‘f L"ijrﬁ‘{/‘ﬂ?é%ﬁgof’r’% 1800 angstrons to 1500 ‘
angstrons, small enough to forma colloid with
reaction nedi a.
Catalyst Supports:

[00193] In another form, the catalyst compositions of the monomer recycle
processes for use with fluid phase in-line polymer blending disclosed herein may
include a support material or carrier. For example, the one or more catalyst
components and/or one or more activators may be deposited on, contacted with,
vaporized with, bonded to, or incorporated within, adsorbed or absorbed in, or

on, one or more supports or carriers.

[00194] The support material may be any of the conventional support
materials. In one form, the supported material may be a porous support material,
for example, talc, inorganic oxides and inorganic chlorides. Other support

materials may include resinous support materials such as polystyrene,



Cat al yst Supports: [00193] In another form the

catal yst conpositions of the nononer recycle processes

wo Pos/A®e th fluid phase in-l1ine polynmer bl engiTngs2008/002899

di scl osed herein may include a support material or

carrier. For exanple, the onel®- nore catal yst

conponents and/ or one or nore activators may be

deposited on, contacted with, vaporized with, bonded
functionalizedo op ocrak slihkeidt lorganiadagposed, %chbés)ffhﬂ?s fene divinyl
or on, one or_nore supports or carriers. [00194 he

banzgbe tPoluelefingl oregolpmericy compohnds; orealites,onkalys, or any other

support .materials. |In one.for t he supported materj al

lgeordngreanicsuipasbmaterial andighe liks, ontixyres thera,
i norgani ¢ oxides and inorganic chlorides. Qher
support materials may include resinous support

[001985] al sUsefud sappoll widtyrisls Cark! indpgdrR0ad:tides! tRat include those
crosslinked organic supports, such as polystyrene

@ronipnd;| 3, e 15z dBeorpbt nsttalfoxidesor Iponey frm, the supportsiinclude silica,
zeolites, clays, or any other organic Qr inorganic

whisBomaynaf ey nah der dehydmied, ofumgd silicas Qlﬁmll@@)f(;’CT patent
f tarial I nor gani ¢ i de

ARER I 3L Y PR AMGGE PR A5 o
. ts: H u 1 i , .

XTI HELLR! Moeh 8905 KBAAL! B ARBHARE chioide (U

PatentiNe. %,965,4f3),anonpuddillesits (FurdpeanPaRdt SNEP-B1 0 511 665),

ilica-alumna and m xtures thereof. O her useful _
Pi’é(bﬁ Icate;, 78 rialfnedays (U.SaRatent Noc6:034,187) and the like.

' . [ U S. Patent.No. 5,6 965,477), o
R MO e
i ldinat. i Ges. gale. cha _ !
A, g el 420 S P v
nsatppalst magt ardledes thoye peraisedcrylier pelyavars edescribed in European
e

silicachrom ug]élsilica-al umna, silica-titania and th
I

- Patqat NowddPdl d0vanl 84u powhichaiseinicarnorateyl hereinuble refeosece.  Other

REPHERBily elifle/ Ha i les oA BorREQAnNER S, IWGy99/47598,
. ' .incl . .

e e PR o W30 SRS P G gt in .S, Pt o

5881205 H) andspaelgateridbeads) a¥VdeSOriK&D O, WEPveysh3 LieSwhith are all

described in U S. Pat. No. ‘
herein incorporated by reference.

[00196] The support material, for example an inorganic ‘oxide, has a
surface area in the range of from about 10 to about 700 mz/g, pore volume in the
range of from about 0 to about 4.0 cc/g and average particle size in the range of
from about 0.02 to about 50 pm. Alternatively, the surface area of the support
material is in the range of from about 50 to about 500 m%/g, pore volume of from
about 0 to about 3.5 cc/g and average patrticle size of from about 0.02 to about 20
pm. In another form, the surface area of the support material is in the range is
from about 100 to about 400 m%g, pore volume from about 0 to about 3.0 mL/g

and average particle size is from about 0.02 to about 10 pm.



5,972,510 and pol yneric beads as described in WO

99/5031 1, which are all herein incorporated by

wo ®beienge. [00196] The support material, for pxanRbes/002899
.an inorganic oxide, has a surface area in the range of
fromabout 10 to about 700 n/185- pore volune in the

range of from about O to about 4.0 cc/g and average
particle size in the range of from about 0.02 to about
P0197] Al Nonrpdrovs!syuppbie nsdy AB6Deaised £4f suppor8URRBEprocesses
material is in the range of fromabout 50 t0 about 500
describeg dreseino| Fos examplemiazoone rmbodibmnt the Snanpogous, fumed

and avera artjcl.e,si 0 a 02 to_ about
ShCamubPRAS Beteeberoit OhePatu Nac & 3008551 magbe used and is
: he range is fromabout 100 to
‘Z’EQ‘S’?@SWFE@JCB%%E‘[% ‘'unme from about 0 to about 3.0

nm./ g and average particle size is fromabout 0.02 to

about 10 nmm [00197] Non-porous supports nay also be
M&supports in the processes described herein.
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[00199] The scavengers for use in the processes disclosed herein may be
different chemical compound(s) from the catalyst activator. Non-limiting
exemplary scavengers include diethyl zinc, and alkyl aluminum compounds,
such as trimethyl aluminum, triethyl aluminum, tri-isobutyl aluminum, and
trioctyl aluminum. The scavenger may also be the same as the catalyst activator
and is generally applied in excess of what is needed to fully activate the catalyst.
These scavengers include, but are not limited to, aluminoxanes, such as methyl
aluminoxane. The scavenger may also be introduced to the reactor with the
monomer feed or with any other feed stream. In one particular embodiment, the
scavenger is introduced v;/ith the monomer-containing feed. The scavenger may

be homogeneously dissolved in the polymerization reaction medium or may
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processes discl osed herein_nar al so be used to
polymerize linear, branched or cyclic alpha-olefins including C; to C,qo alpha-

olefins, alternatively C; to Cg alpha-olefins, alternately C; to Cy alpha-olefins,
alternatively C; to Cyg alpha-olefins, and alternatively C; to C;, alpha-olefins.
Suitable olefin monomers may be one or more of propylene, butene, pentene,
hexene, heptene, octene, nonene, decene, dodecene, 4-methyl-pentene-1, 3-

methyl pentene-1, 3,5,5-trimethyl-hexene-1, and 5-ethylnonene-1.

[00202] In another embodiment of the processes disclosed herein, the
polymer produced herein is a copolymer of one or more linear or branched C; to
C3o prochiral alpha-olefins or Cs to C3 ring containing olefins or combinations

thereof capable of being polymerized by either stereospecific and non-



pol yneri ze linear, branched or cyclic al pha-olefins
including C3 to G oo al phaolefins, alternatively C3 to
wo0os/ab@ha- ol efins, alternately C3 to C40 PCT/US2008/002899
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[00204] Non aromatic cyclic group containing monomers may also be used
in the processes disclosed herein. These monomers may include up to 30 carbon
atoms. Suitable non-aromatic cyclic group containing monomers may have at
least one polymerizable olefinic group that is either pendant on the cyclic
structure or is part of the cyclic structure. The cyclic structure may also be
further substituted by one or more hydrocarbyl groups, for example, but not
limited to, C; to Cyq alkyl groups. Non-limiting exemplary non-aromatic cyclic

group containing monomers include vinylcyclohexane, vinylcyclohexene,



alternatively styrene, paranethyl styrene,
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higher ring containing diolefins with or without substituents at various ring

positions.

[00206] Non-limiting examples of pdlar unsaturated monomers include 6-
nitro-1-hexene,  N-methylallylamine,  N-allylcyclopentylamine, N-allyl-
hexylamine, methyl vinyl ketone, ethyl vinyl ketone, 5-hexen-2-one, 2-acetyl-5-
norbornene, 7-syn methoxymethyl-5-norbornen-2-one, acrolein, 2,2-dimethyl-4-

pentenal, undecylenic aldehyde, 2,4-dimethyl-2,6-heptadiénal, acrylic acid,



exenpl ary cyclic dienes include cycl opentadi ene,
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concentration is often advantageous due to reduced solvent and monomer
recovery-recycle cost. In one embodiment, olefin polymerization is carried out
in the presence of less than 60 wt % of inert solvent/diluent affording olefin
concentrations in the combined feeds of the individual reactors of 40 wt % or

more, or even 55 wt % or more, and advantageously 75 wt % or more.

[00208] In another embodiment, polymerizations yielding the in-line blend
components are carried out in bulk monomer phases, i.e., with combined reactor

feeds comprising inert solvent/diluent at less than 40 wt %, or less than 30 wt %,
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[00210] The processes disclosed herein may be used to

e pol ymers or  copol ymers. A copolyner refers
[Bbgggﬁol yha¢ Progasses zdisclassd thescint hmey, ke wesed to produce

' t oner..units. JPol rs prqduced by the .
SRR oL . A e et p ity synthesized
fFeOAIBAFeed fordfikre HiflienP OB GRS PoifieAhrddlced by the
one enbodi nent of the processes disclose erein,

Protesses disslaseld drevpinl imohudeohomdpolyinéi@ & opolymers of any of the
| pha-ol efin, or a honopol ynmer of propylene.” In
agﬁ&?ﬂ?ﬁnmédi ment the polynmer is a copol yner

conpri sing propyl ene and ethyl ene wherein the
copol yrmer conprises | ess than 70 wei ght % et hyl ene, or

[‘3 /?l?éf‘ﬁl; Ih Zgg%g‘r’@'{lg@s%in:{%rg tr(]JMl@ B?oce%esl cﬁ?cclowcﬁﬁerdépn,vfﬁie %glymer is
a homopolymer of any C; to C;, alpha-olefin, or a homopolymer of propylene.
In another embodiment the polymer is a copolymer comprising propylene and
ethylene wherein the copolymer comprises less than 70 weight % ethylene, or
less than 60 weight % ethylene, or less than 40 weight % ethylene, or less than
20 weight % ethylene. In another embodiment the polymer is a copolymer
comprising propylene and one or more of any of the monomers listed above. In
another embodiment, the copolymers comprise one or more diolefin

comonomers, alternatively one or more Cg to C4o non-conjugated diolefins,

alternatively one or more Cg to Cyo a,0-dienes.

[00212] In another embodiment of the processes disclosed herein, the one or

more polymer blend components are a copolymer of ethylene, propylene, or
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hextrodl nrent of the processes di sclosed herein, the
copol yners descri bed conprise at |east 50 nole % of a
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08B, i o SRARCL Sbocimen! g derpraroppesordissiosed dgrein, the
Ol s e e TS B BRGr a up t
Stwhele%o afiuther @R sE Tn PHEERR lenfBodiment, thé Polfin8PtSmprises:
a(){%rsto rrnonomer present at from 40 to 95 mole %, or 50 to 90 mole %, or 60 to
80 mole %, and a comonomer present at from 5 to 40 mole %, or 10 to 60 mole
%, or 20 to 40 mole %, and a termonomer present at from 0 to 10 mole %, or
from 0.5 to S mole %, or from 1 to 3 mole %. Such copolymer blending
components can be readily produced when the comonomer(s) is (are) present
between 0.1 and 85 mole % in the combined feeds to the reactor making the

copolymers.

[00214] In another embodiment of the processes disclosed herein, the first
monomer comprises one or more of any C; to Cg linear branched or cyclic alpha

-olefins, including propylene, butene, (and all isomers thereof), pentene (and all
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is present at 5 [ e% or |ess), including ethylene,

propyl ene, butene, pentene, hexene, heptene, and
oct ene, nonene, decene, un-decene, dodecene,

[0Q2t0)ccerda, apothsni embodimeatdiofnthe mpepeessesrdisclosed herein, the

t%g,géé%)di ergﬁcgpgﬁ%iaf(rj‘iéﬁ“g,%f gﬁ@{éggf ggﬁgzﬂtg)f:_ ;jpieﬁrgc%é, pranched or cyclic

agjrﬁe%]szilhg’(he g@ﬁgéd’ ethy TRAVIPEREERE 14 'prEdeit Qﬁe?tlﬁgiee 5 r less),
including ethylene, propylene, butene, pentene, hexene, heptene, and octene,
nonene, decene, un-decene, dodecene, hexadecene, butadiene, hexadiene,
heptadiene, pentadiene, octadiene, nonadiene, decadiene, dodecadiene, styrene,
3,5,5-trimethyl-hexene-1, 3-methylpentene-1, 4-methylpentene-1,

cyclopentadiene, and cyclohexene.

[00217] In another embodiment of the processes disclosed herein, the
polymers described above further comprise one or more dienes at up to 10
weight %, or at 0.00001 to 1.0 weight %, or at 0.002 to 0.5 weight %, or at 0.003
to 0.2 weight %, based upon the total weight of the composition. In some
embodiments 500 ppm or less of diene is added to the combined feed of one or

more polymerization trains, alternately 400 ppm or less, alternately 300 ppm or



[00217] I n another enbodi nent of the processes

di scl osed herein, the polyners descri bed above further
wo00@Hobea one or nore dienes at up to 10 wei glicTIos2008/002899

at 0.00001 to 1.0 weight % or at 0.002 to 0.5 wei ght

% or at 0.003 to 0.2 weight -%3-based upon the tota

wei ght of the conposition. In sone enbodi nents 500 ppm

or less of diene is added to the conbi ned feed of one

less. mint etheel smbodinedntoat least 56, ppah tofrdisheliy addéd ppthedEombined

| ess, alternately 300 ppmorless. In other enbodinents

fged jod pne @omeperpelymetization traimdder 108 ppme oranpreaed 150 ppm or
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[00218] I n another enbodi nent of the processes
di scl osed herein, the processes used to produce

[pO218) enelnc apothere embadiment dr the roeessesi disclosert theaein, the

et%’ylene, t her %I%Iefm -olefir]ic diolefin, or .
BFESEEHUTEAL LQIPTACICE | PIOP ngeROlymgrs é?s(l&lmﬂtbercmmner units,
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copolyneri ze process I SCI 0Se

€, estaranie olefing. eOtherahigaturatédsinohbhres besides ehose specifically
et hyl i dene nor bor nene, nor bor nadi ene,

desaryhgdpleoncamiay e, copalymericed heingrthe procsssey disotosed herein, for
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n%}‘l?(%)rﬂgﬁi@hg,ne’ 8[(}8/{(): cRfdtfie é,md \;}hg%gfl%%gﬁﬁé ut e\qulecyclohexene,

nor ornenes. nerizatron ca . SQ |ncdrpor
agrydhtel] Bhé other oleMnEENE uRsAdHEaT maﬁiﬁl&ﬁpﬁn@ldaﬁ% bR cyclic

anot her source. Sone enbodinents limt the

otefns, ysuehi asacyclopofiteaepnefborneneyaand miloydrsubstituted norbornenes.
macronononers wth 2000 or less ner units. U S Patent )
Gapolymegeatios cen slsooigserpaanig erodelimiconaenearanamersiproduced in-

isclosu refers to conononers as,"a second,nonormer,, ".
s{tB0 o) 24dedaiORL  aBAHSt OHtCeor 1 e opBbedunents  limit  the
her . I [ .

HhISHRGFARE' 61 BrolbhRlk BARUBREmERP R MR SmdhBmers with 2000
or less mer units. U.S. Patent No. 6,300,451 discloses many useful

comonomers. That disclosure refers to comonomers as "a second monomer."

[00219] In another embodiment of the processes disclosed herein, when
propylene copolymers are desired, the following monomers can be
copolymerized with propylene: ethylene, but-1-ene, hex-1-ene, 4-methylpent-1-
ene, dicyclopentadiene, norbornene, C,;-Cyogp, C4-Cipo, 0r C4-Cyo linear or
branched, a,0-dienes; C4-Cyp0, C4-Caop, or C4-Cy cyclic olefins; and Cy-Cogoo,

C4-Cyp0, or C4-Cyp linear or branched a-olefins.



copol yneri zed with propyl ene: ethylene, but-1-ene,

hex-1-ene, 4-nethyl pent-|ene, dicyclopentadiene,
womidppegne, C4- C200o0, C4-C20o0, or CA4- CAO |i ne@rr/@2008/002899

branched, a,w di enes; CA4-C2oo0> C4- C200, or C4-CA0

cyclic olefins; and C4-C20Qo -@34C200, or C4-C4 |inear

or branched a-olef ns.Qher Primary Monomer: [00220]

The pol ynerization processes di scl osed herein my

Qthey Rrimary Manenserl (Tc = 146.5 0C, Pc = 3.56 MPa),

entene-1 (Tc = 191,8 0C, Pc= 3.56 MPa), hex-1-ene (Tc .
0238] 5 o&he ppolynerizationa procassess dissl¢sed- heteinemay( folymerize
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IperemAts af syipeserititahydonislitiemse-or . asThelquidk oCEhéses peaesses may
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feedsvihat sobtaingneater 120220 Im&el %eoft batesedr, ﬁh{dﬂﬁnl, &Y-methyl-
y

b resent in the polyperization system
bﬂ%ﬁoﬁaﬁ"@oﬂ}ell‘ ICQB?‘%EE%W caprvary Lhetokenrbt ;arsb 85i mede %. Of

' ] Xture e useqd at, .
Bk el dohbdnatisnisih Brafieel miked; Mitnearhoather and with
efél Y hidmd0 ' ' : t of the in-line
pg(?%yr%gﬁgyprocesés}’ g?‘g{éggﬁdh%%i@’ﬁﬁ %‘ concentrat i on
of the inert solvent in the reactor feed and thus in

t he polynperization systemin certain enbodi nents
B&&Mﬂi&lﬁﬂ&ﬁﬁ@lﬂ%ﬁi on processes is not rroo/re

40 % .alt i vel t nore than 30 wt % .
[da(f?’%ll] nat :gPéY talﬂ?fie(gfg‘?‘l&%ﬁ éﬁa}gge RFesent 1) tl@rmlmeywﬁ?pn system.
AR ByHERArdch, Mludto kb & n% %&o&ﬁ%jﬁ&&%&h $er? sdiverdt or their

and alternately not noré
mixtures may be used at concentrations not more than 80 wt % in the feeds to

any individual polymerization reactor of the in-line blending process disclosed
herein. The concentration of the inert solvent in the reactor feed and thus in the
polymerization system in certain embodiments utilizing bulk polymerization
processes is not more than 40 wt %, alternatively not more than 30 wt %,
alternatively not more than 20 wt %, alternately not ’more than 10 wt %,

alternately not more than 5 wt %, and alternately not more than 1 wt %.

[00222] Diluents for use in the in-line blending process disclosed herein may
" include one or more of C,-Cy4 alkanes, such as ethane, 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



[00222] Diluents for use in the in-line blending

process discl osed herein may include one or nore of
woRbodhdoal kanes, such as ethane, propane, n-bycgngs2008/002899

I but ane, n-pentane, i-pentane, n-hexane, m xed _

hexanes, cycl opentane, cycl ohdf®ne, etc., single-ring

aromati cs, such as toluene and xylenes. In

sonmeenbodi nents, the diluent conprises one or nore of

embedimenis,ofiendilubntt eodpriseoloutane mare dfaehane, propane, butane,

i sopentane, and hexanes. |n other enbodi nents, the .

igpbuiane, pentareyisopgntane, [angolxzjanes.ndn othi¢riembedimantsithe diluent

i ncl uq(j CA to G50 isoparaffins, or C4 to C Qo

PIEPA g‘? ins, or C4 to C25 isoparaffins, or C4 to

C2oi soparaffins. By isoparaffin is nmeant that the

paraffin chains possess C to GO0 alkyl branching

[90228] at Oekatdituan®y ma9alsd idede O T, i is6pahitindVBF €, to C;g0

particularly, the isoparaffins are saturated aliphatic .

Ingpare tiing, on Catdss isepazaffinss oh &y do &y ismgatafﬁne. Byrisoparaffin is

atom bonded to_at |east three other carbon atons or at
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and between 10 and 24 in anot her enbodi nent, and from

toGattloastThree pthter amadbdre atemb odiatdedst orer side chafo (#e.5aGholecule

each carbon number w Il typically be present. The
haygp o8f 1 9Tmosaferiagy qmenalemagy sashern atams)s and advantageously

AR Bl PR Ve G hra ot PIgRlsSi iR 168 Epnis. tvween 6
t8 90, ahdtHeesteh 30PH P4 iR %n%i’erré%'i'lgc?qiﬁfeﬂf? ﬁd@ro}rp ! 6:t835 in yet
g/cnB; th OC or Tess, a ely

the pour point is -40 terna

anbthed @nabodinment. (Veriotissisosriery of AGINVcAHon AIMBE) wils pically be
from0.5 to 20 cSt at 25 0C, and the average nol ecul ar _
PReseght sThe, isaparafhingemay alsw inedJudoaygloparaff®@snwith branched side

sy B g gt ¢ R RERRR| erlaoRazal o S ATty (ASTM
11X 0 . i i, | 3,

APRPEN SR "9 e SoRa R P b TR G iom’she

peat goimisre4@ P@ldriesss dIERARIS S0 4G of fessSRAFISEISItY(ASTM 445,

Qther suitable isoparaffins ‘are also commerci al . .
23v &) isdremyhdde 2theSt at 25 °C; and the average molecular weights in the

range of 100 to 300 g/mol. Some suitable isoparaffins are commercially
available under the tradename ISOPAR (ExxonMobil Chemical Company,
Houston TX), and are described in, for example in US Patent Nos. 6,197,285,
3,818,105 and 3,439,088, and sold commercially as ISOPAR series of
isoparaffins. Other suitable isoparaffins are also commercial available under the
trade names SHELLSOL (by Shell), SOLTROL (by Chevron Phillips) and
SASOL (by Sasol Limited). SHELLSOL is a product of the Royal Dutch/Shell
Group of Companies, for example Shellsol TM (boiling point = 215-260 °C).
SOLTROL is a product of Chevron Phillips Chemical Co. LP, for example
SOLTROL 220 (boiling point = 233-280 °C). SASOL is a product of Sasol



trade nanes SHELLSCL (by Shell), SOLTROL (by Chevron
Phillips) and SASOL (by Sasol Limted). SHELLSOL is a
woRloeshobogof the Royal Dutch/ Shell G oup of Copeaniesos/002899

for exanple Shellsol TM (boiling point = 215-260 0C).
SOLTROL is a product of Chevrd¥-Phillips Chenical Co.
LP, for exanple SOLTROL 220 (boiling point = 233-280
0C). SASOL is a product of SasolLinmted (Johannesburg,
ISt ¢d eIdhlanﬁésblfrg,r Sexthneca) sl e RISASOASOPA-270, SASOL-
ib0| l.Ling point = 238-274 0C). [0022 I n anot her

lipg peindt= 23&-274160er recycl e processes for use
with fluid phase in-line polynmer blending disclosed
her ei n, dlluents may include C4 to C25 n-paraffins,
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[00225] In another embodiment of the monomer recycle processes for use
with fluid phase in-line polymer blending disclosed herein, the inert diluent
comprises up to 20 weight % of oligomers of Cq to Cy4 olefins and/or oligomers
of linear olefins having 6 to 14 carbon atoms, or 8 to 12 carbon atoms, or 10
carbon atoms having a Kinematic viscosity of 10 or more (as measured by
ASTM D 445); and having a viscosity index ("VI"), as determined by ASTM D-
2270 of 100 or more.

[00226] In another embodiment of the monomer recycle processes for use

with fluid phase in-line polymer blending disclosed herein, the inert diluent



ASTM D 445); and having a viscosity index ("VI"), as

determ ned by ASTM D- 2270 of 100 or nore. [00226] In
woed/fvegegenbodi ment of the nononer recycle Pr ¢aAs2608/002899

for use with fluid phase in-line polynmer blending

di scl osed herein, the inert dil3uentconprises up to 20

wei ght % of oligoners of C20 to C 500 paraffins,

alternately C40 to G ooo paraffins, alternately C50 to
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Oﬂe@%xﬁﬂulﬁrps@heﬁ%l C%Vﬁﬁ\ﬁakgae Vféiaﬁbtﬁlr{i{?‘ﬁw%nhﬁle from BP
Corporation in Chio, USA. [00227] In’ano

l’enbotni iGhemnicals irhEomdon rEmglan@,leenge@E‘&ﬁ&el&bf@ frong Fortum Oil
flyid _phase in-line polynmer blendlng di scl osed ]
aﬁ@r a§, IpnE "el?n&erﬁynéenﬂ\‘u available | fromi r@hemitura Corporation in

1@%@ e%%g' kt?g,r @f?bﬁ%ﬁh‘@@ﬁg{é’?ns ) Ud%orporatlon in Ohio,

URAlr of | uor ocar bons ("HFC' or "HFC s"), collectively
referred to as "fluorinat ed hydr ocar bons" or
“fl uorocarbons” ("FC' or "FCs"). Fluorocarbons are
defined to be conpounds consisting essentially of at
[9 ¥ ’JJ ondncamotesr embadinentaef theagtonomerfieapeliergroaesses for use

DR RIS il e Eimling cisslosRasreion T e somprises
aL‘?‘?ﬁi‘*ﬁ‘Eﬁ“ 3 9@%%??@“ KPP, MocFo B, AR perftuorocarbons

(¢ mm bt tRFO's2) bedhot hydrsfhiarotdBofio (FIBC! 19 "BHRES) 8bll¥ctively

referred to as "fluorinated hydrocarbons" or "fluorocarbons" ("FC" or "FC's").

Fluorocarbons are defined to be compounds consisting essentially of at least one
carbon atom and at least one fluorine atom, and optionally hydrogen atom(s). A
perfluorocarbon is a compound consisting essentially of carbon atom and
fluorine atom, and includes for example linear branched or cyclic, C; to Cy
perfluoroalkanes. A hydrofluorocarbon is a compound consisting essentially of
carbon, fluorine and hydrogen. FC's include those represented by the formula:
CiHyF, wherein x is an integer from 1 to 40, alternatively from 1 to 30,
alternatively from 1 to 20, alternatively from 1 to 10, alternatively from 1 to 6,
alternatively from 2 to 20 alternatively from 3 to 10, alternatively from 3 to 6,

alternatively from 1 to 3, wherein y is an integer greater than or equal to 0 and z



carbon, fluorine and hydrogen. FCs include those
represented by the fornmula: CxHyFz wherein x is an
wolRbgeaesosfrom 1l to 40, alternatively from1 tecdd;s2008/002899
alternatively from1 to 20, alternatively from1l to

10, alternatively from1l to 613&lternatively from2 to

20 alternatively from3 to 10, alternatively from3 to

6, alternatively from1l to 3, wherein y is an integer
Brazvinteger had frledsywile, hRethativglyz ySardz iafd Gii€geraafdait least one.
| east one, alternatlvely, y ang z are integers and at
Ferapurposes ofdhe purlinssklending hrocesselsi discloseshlieregn and the claims

rocess s di scl ose ein and the c)ains thereto, the
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0 nononer recycle processes for use with fluid '
phase i n-1ine polymer blending disclosed herein, a
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(60228} e oIn enpenftiadimentbé dhéybromaeraeoyelecpracesses for use with
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OO 1 Cir vl SETORYARLAL BFTHE Mondifity HetYoR) BR-Sses for use
withi dhuid arhiase m—ftm&r;&ﬂZﬁteraﬁlthQ dibetosdd hereah! thib flég@Rérbon is
upon the weight of the fluorocarbon and any
Marn%ﬁu@nnatgdl%m C;iﬂeadbzme i In anghercembodiment, the fluorocarbon

|t I n 3 wei % alternatel
ar eZ{ 88{ ? hzmg%r?ﬁ*??é Cagn, al t epgéﬂué?r% heptang.er ¢ rﬁlﬁﬁﬂvorohexane
p‘éﬁ'h%}‘o ég@ g@foﬁ@;@ﬂé’ gr eat em&&%&dﬁtﬁé ght % perfluoro-1,3-

al t er nat reater than 15 some
démbtigilopoldliexanbe petucrononaies dre ferAG6rtoluené.Ne In another

pol ymeri zation reaction nedia at 0 to 20 volunme %
epbogiment, the fluorocarbon is present at more than 1 weight %, based upon
the weight of the fluorocarbon and any hydrocarbon solvent present in the
reactor, alternately greater than 3 weight %, alternately greater than 5 weight %,
alternately greater than 7 weight %, alternately greater than 10 weight %,
alternately greater than 15 weight %. In some embodiments, the fluorocarbons
are present in the polymerization reaction media at 0 to 20 volume %, based
upon the volume of the media, alternately the fluorocarbons are present at 0 to

10 volume %, alternately 0 to 5 volume %, and alternately 0 to 1 volume %.



upon the volunme of the nedia, alternately the
fluorocarbons are present at 0 to 10 volune %
woobgtvesel y O to 5 volunme % and al ternatel y p@migs2008/002899
lvol une % [00230] Wth regard to the polynerization
medi a, suitable diluents and-3#-vents are those that
are soluble in and inert to the nononer and any ot her
pol ynmeri zati on conponents at the polynerization
[0027306] at uMéish aegdardl @6 Sthieepolytadryzationz aiddia, keraBler diluents and
configuration: [00231] The polynerization processes of
soheentd moerthosecthat lase sobihle daanidoinentsto tha mdanomer aheny other
in-1ine polynmer blending disclosed. herein ma¥ be
ralymeszaioh tomRoRgntS AL 1E; opaperifation temperAtutGs Andpressures.
maki ng the polynmers for downstream bl endi ng, and nore
advant ageously in two parallel reactor trains The
sty Alerightios 2edctor Eorifigifratiy: be fed with essentially
the sane or different feeds, although there nust be
[00231bnonthe polymenizatidneprosesses o thevmaromen recpelegirbetsses for
reactggr trains. The parallel reactor trains may be run

use W efmiﬂaplpafetiﬁeh%eapelmerdbkeméi%fiislcm@ddperlem may be carried
it . Th I ] el '
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(tefeirgd 86 as paBiménrodaséd fiont BRbirédoPmdRé 83bidnomers), wherein
. configuration, and
there is one common monomer between the two parallel reactor trains. The

number of feed monomers of the copolymerization reactor train may be equal to
the number of feed monomers of the combined homo- and copolymerization

parallel reactor trains.

[00232] When multiple parallel reactor trains are used in the processes
disclosed herein, the production of polymer blends is possible. In one particular
embodiment, homopolymer and copolymer blends with a common monomer are
made by using at least two reactor trains in a parallel configuration, and
advantageously two parallel reactor trains. Non-limiting exemplary

homopolymers include polyethylene, polypropylene, polybutene, polyhexene,



advant ageously two parallel reactor trains.
Non-limting exenplary honopol yners incl ude

wornby/aobwsl ene, pol ypropyl ene, pol ybut ene, PCT/US2008/002899
pol yhexene, pol yoct ene, pol ydecene, and pol ystyrene. In
one enbodi nent, the honopol ymd#0conpri ses
pol yet hyl ene, pol ypropyl ene, pol ybutyl ene, pol yhexene,
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Eotpodienepolydecenep amp polyseyrens. pwbyeembodient, the homopolymer
pol ypropyl ene. The caqpol yners may be any two- or
qamRIssnpRlyetty lensinalypropyienst pelybuteleae, polyheixene, polyoctane,
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degenerds Htandi maerborn¢ne, c dfohgxasieries amd 1,7-octadiene. In one

ut ene-1,

eﬁ%ﬁ%ﬁ@? r ogwg@eg 88% lrrgﬁ]ig: eleddwWp-component combination of
= -1 | ene-. ne-1
BN e DTIIEHE  yBhP MERHRET T Outprdy decene-l, styrene,

meirbornenie,; 4e32h8RadieROPahd B7-odtidiéRE. 2R dMJther embodiment, the
enbodi ment, the copolyner is an

cephlyineere ipan psthglemetpropptenc] prepylghebeapsnepy, propylene-hexene-1,
exene-1, et hﬁl ene- propyl ene-octene-1, and/ or

h

PEOPX/PRFOCENS Pl BrRRYdensdecenech petihylane-bytene-d 3 etinglene-hexene-1
' iJped, the ingli bl endi | r

AR A op LB O BN Ly nter

eibdd@@eht, ! \We PE6FdlyRler §RChHRT efl{gft?éorﬁ?@ lene-butene-1, _ethylene-

advant ageously two parallel rea ns. reacto

propylenahexére- parathyleheprapylencloztinenBy anddrudehydéree-propylene-

nore reactors that may be configured in series

degsnier GPROIYSET. The nunber of parallel reactors trains

or branches in a parallel bank nay be any nunber, but

for practical reasons, is generally limted to | ess

002831t en, ' ; re i

B or (Y aPRIORly MEskeibed, e B M Blehiding BbRm& components

areopradmced tihanrdagtor bardc composed 0f at adsetiwat parailyl ffictor trains

re than three parallel reactor trains, and

ag‘?@é’?’ﬁ%ﬁag@@mﬁly oo pavadlel meactomtraps alAl e¢acteratrabr of the parallel

of series cascade reactors

r%argﬁdsr{\?%-rﬁlﬁﬁér@g& : S9fe. or moge reactors that may be configured in series

configuration. The number of parallel reactors trains or branches in a parallel
bank may be any number, but for practical reasons, is generally limited to less
than ten, alternatively not more than six parallel reactor trains, alternatively not
more than five or not more than four reactor trains, alternatively not more than
three parallel reactor trains, and alternatively not more than two parallel reactor
trains. The number of series cascade reactors constituting a given reactor train
or branch of a parallel configuration may be any number, but for practical

reasons, is generally limited to not more than ten reactors in series, alternatively



or branch of a parallel configuration nmay be any

nunber, but for practical reasons, is generally

w0 J003/i@6bgt O NOt nore than ten reactors in seripgYyUS2008/002899
alternativel ynot nore than six reactors in series,
alternatively not nore than t-H#kee reactors in series,

and alternatively not nore than two reactors in

series. [00234] In one enbodi nent, the

1potl oey thaandiRirsdotgrseinf deris! §ltérh@m/él?916%rm6§ér thah @BfdeXeactors in
trains configured in a parallel configuration are

6eBi #ndialjerantively notpodrerthan bwerrdactorspini series. t he

pol ynmeric products of the individual reactors wthout

first recovering the polyneric products of the

004l S g G ca R R o oo o

eact

mereractor trala ¢orfigufdd Bl £ pafall Rbnfiglration %‘dﬁm ieldi
two or nore react o_rg_lsl, in sePi es. [082lg5ﬁ Inezggot erh¥d yielding
& pohunerchlendt ¢rampusingethecpolyaieringrazhictsuofitlse findividuad reactors

reactor trains ,con‘f]i gured in a parallel configuration
‘zﬁﬁowﬁrﬁr FRE@VeTing dhe polymeni¢ pradustsalithedngdividual geadters in solid

i 0 of the jndividu reagtors wthou )
BANETTE (BT BB creatli derins omsftneing e prllel Senhiguration
geﬂétabllydlwl@lude%hgfesrehﬁto?%ﬂ Qﬁrﬁﬁmeﬂ 3 8P 28 ¥ fors in series.
trains constitutrng the paralle Cont | guration

generally include a single reactor, or alternatively,
00236] The reactors

é more reactors in series. { he

[ &3& poinyaRathersembadiyente the pelymer-cantaiming eftyerite from two
f i th flui h Nzl I .

- BIRETRT cBhrEE i Ao Priie) BTGl B BEmbiRed adelding «

plébﬁﬁeﬁ HI&RF cBmprisihd) the Iy ifedict )oncﬂfctsf'r%?ethreeﬁﬁﬁxﬂﬁ%l reactors

he nenmbers of 'the Teactor“traln*are not necessarl

vathmait first edovéring dhrepslgmerfoprodudind fahe iRdvidifdil Ye48Ys in solid
menbers of a reactor train may be stirred, unstirred,
form.o EBervearqastort Waing ofonstineting) the ipdcadlel reeafigaratiomgenerally

.al,.sq be.of equal or different size. The sane |s true
i385 R Sinkle F85Ter, BF afthemalivelly awocsr mere tsasters ineerics.
opti mal reactor configuration and sizes nmay be

deternmned by standard engineering techni ques known to
[00286] skiTHeertattors bE ties poBimeriaitionedysedifli fBEtHd Rdnomer recycle

[ 00237]  Any type of polynerization reactor may be
PERSSEesPlor use with fluidoplaserinding polyner ddemding disclesedviidréin may
bf I Ei d ,phase. .i n-| i@s gglsliyrrer bl endi ngdj scl osed herein.

T8 rrggtqrr},mstlpggct € e@ﬁt%&p%@om@pﬁ{[wgd)rgyore reactors, the
menfd8 o the reactor train are not necessarily constructed the same way, for
example, the individual members of a reactor train may be stirred, unstirred, or a
combination thereof. The individual reactors may also be of equal or different
size. The same is true for the reactors in the entire reactor bank. The optimal
reactor configuration and sizes may be determined by standard engineering

techniques known to those skilled in the art of chemical engineering.

[00237] Any type of polymerization reactor may be deployed in the

monomer recycle processes for use with fluid phase in-line polymer blending



engi neering techni ques known to those skilled in the

art of chem cal engineering. Non-limting exenplary

worBei00do4desi gns include stirred tank with or paridveds/002899

an external |oop, tubular reactor, and | oop reactor.

The reactors may operate adi ab#-ically or may be

cool ed. The cooling may be achieved within the

reactor, or through the reactor jacket, or dedicated

diselbsek hbssige Tb@mgtiﬁﬁml feacRPRldsith i3 BORIGtEMined by standard
Process Detail s: LnOZBS] The nononer recycl e processes

engineesingdechniques Enpwade thesd skidegai theeart bf eheiniap! engineering.
i scl osed herein relate to, processes to polymerize

PSR TRARG Feir eI IRbig SR el TS or without an

' I b ms._ W ith a itable

BEADP 180 SN YO, B OGRTMR, 2T Q¥ oy poperate

ARAH ATl 9150 'rh &Y or ' id ithi
D Bt CYgiid fah JRS&hitfecwithip the reactor,

arghrought the seawocjackes; ak dsdizhted Keait ekylsdngedopps Athyasapplied.
activator nmay be delivered as a solution or slurry,

either separately to the reactor, mxed in-line just

nior to.thg reactor...or mxed and punped as an
E¥ymleriz@id eSS Grry to the reactor. In one

00238° Y| aTh&He ' ihe il
[I [ ne.]CFor a gil9 ven@ggg%%drw_tp? glk%)stsgfq?mg{sga%tﬁ gflid] p .hase in-line
pobyrheg wiediag, disologedriierein e¢lateey processes itodpSlyindrize olefins
ei ther single reactor operation, in which nononer,

COBIRIHbRE cantagting lops of snorgcalefing baying at deast éwgeathon atoms with
aand. ti oaga{ f0| vent (s) are ad%‘gd continuoysly to a .
sisﬂlé‘i‘ ©r EABVSE GmR Andsan cAEtV3EoTy o & Hlgid | reagtion medium

ol fgﬁiﬁ eneRViv & gﬁﬁpﬁﬁ%é iﬂra??ﬁag:?@gt farF )(/)é%‘%n%odm{eﬁ%,sthe fluid

tors connected In series. conponen
reayiopemedilad ik dntiee shparsiiticslogth  Oatdlpe sshpesnd AhE activator
catal yst. conponent nmay al so be added to each reactor
may bedelizeregdsas asolusion prnshurryrieither separatel ity she feastor, mixed
i f. added to nore than one reactor in the series train

inqlipegust prot i the geactor. o wited and REmPed Asias agtiatechgglption or
r.differ 0, . .
UG AR U5, ARy SR 03 mine i
line| \oera @iven deadoPfralitsbthie pralid1ndighedtfod] lyMerizations may
conprehend hi gh-pressure reactors ‘
be carried out in either single reactor operation, in which monomer,
comonomers, catalyst(s)/activator(s), scavenger(s), and optional solvent(s) are
added continuously to a single reactor or in series reactor operation, in which the
above components are added to two or more reactors connected in series. The
catalyst components may be added to the first reactor in the series. The catalyst
component may also be added to each reactor in the series reactor train. The
fresh catalyst feed if added to more than one reactor in the series train may be

the same or different to each reactor and their feed rates may be the same or

different.



where the reactor is substantially unreactive with the

pol yneri zati on reacti on conponents and is able to
wowobdrbeuad t he hi gh pressures and tenperat ur epctring?2008/002899

occur during the polynerization reaction. Wthstanding

these high pressures and tenpé#iatures nmay all ow the

reactor to maintain the fluid reaction nediumin its

supercritical condition. Suitable reaction vessel

[00289]'s | Polymieriziivne procesesr vt menvﬂlliiﬁa']ihase in-line polymer

supercritical or other high-pressure ethylene

hlendimgr proxesses dessbosednhberehioralso mmmprghemiarmghmressure reactors

actqQrs include utoclave punp- ar ound. | oop
%E?f&ct EactQipis sy St%m&’”é'u%’éﬁaﬁ jeg il the n@x@mﬂgtlon reaction

RS54 T4 SR 5O BBl fprars v
J&EEHﬁrlf{EXhé’BSIﬁﬁ@nﬁtfdlﬁeﬁ by, Wntﬁ% ﬁh@‘fﬁes‘e@ilgﬁ.pressures and

referred to as “stirred tank r-reacto

ténperdtares meypcilloms thm;eab&)rCtpanairminl the dldideeactidipinedium in its
or continuous, node, although the continuous node is

S&‘B@Efﬁtttf@b sorditipip Lﬁiwalﬂ@ a@a%m %ﬂswdydﬁsm incldenthose necessary
o nti. nyous node. cI ave reac}é)ﬁrs hav

AR SPRErEAF o7 cethr “BiehipsSiss: Fivlane, Ieoisymermanon
rEi“?‘?"?‘e}’r e éﬁ?‘?‘g'nﬂ‘é! & e%‘%‘r& 2o ) a8, ifip-around

lﬁopmeamo@la\@uhﬂﬁilan\;@nﬂraﬁwawmjh%rtrwét@?d Iy greater
than 5 MPa with a maxi mum of typically Iess than 260
MPa. The maxi me pressure of commerci al autocl aves,

HRARET . T PR Sl vt 7 BRSBid oo s holymer
I essﬁ% ﬁ*@c%&%ﬁsr )Qhéé?ﬁ’sécfﬂ% 1) raeyﬂnggﬁhg 182hﬁ% Clﬁ:%lng?lséve (also

refeeredots tak lireddd MehK)Nend edlsilar Qéadtbl% I afbelave HRAEIPE ay be
wth |arge dianmeters may have nmultiple injection ports

operatediin githerea datch or cantinwusrmogesaltiongh the aoptinaeus mode is

o5l P R S 5 g S B35 e Tipicany,
[ n
SIS ol A AR PP 21 T e e

witse lghspeéd 6p t62000RPIMDHultitIedes SRERARd bafﬂes arranged for
i ntroduction of the catalyst and nononer(s) nay be

optimahtmiydongs Conpmercialt autgclave presssirds are typically greater than 5

MPa with a maximum of typically less than 260 MPa. The maximum pressure
of commercial autoclaves, however, may become higher with advances in

mechanical and material science technologies.

[00241] When the autoclave has a low length-to-diameter ratio (such as less
than four), the feed streams may be injected at one position along the length of
the reactor. Reactors with large diameters may have multiple injection ports at
nearly the same or different positions along the length of the reactor. When they
are positioned at the same length of the reactor, the injection ports are radially

distributed to allow for faster intermixing of the feed components with the



formati on of hot spots in the unstirred feed zone

bet ween the m xing point and the stirred zone of the
woRegioes | njections at two or nore positions pgrarngodsie2s99

| ength of the reactor is also possible and may be

advant ageous. I n one exenpl ary44enbodi nent, in reactors

where the length-to-dianeter ratiois from4 to 20,

the reactor may contain up to six different injection

reastot icofitent! AAghé Based 6AStifEd Itanlgtactbrs NthEWephRite iMPbditction of

at some or each of the lengths. [00242] Additionally,

the catalystaand mennmoct(a)y @33y breadvantageous dh epreventing tlie possible
These

e L A TR —
' I . h ' .di
6 TR0 200255 RSP SRR P TR Soms i

1ehgtth OF oteaREhCRAC ks MHIXD Nsbssibdé Iy ﬂlﬁ&dq{ée%ﬁ%ﬁﬂaéeoﬁsnor In one

the separate zones. Two or nore autocl aves wth-one
exemplaynembodiynendnireneactors avisereithe lemahitordismsteadeatio ds from 4
I ncrease residence tinmge or to tailor polyner structure
to20h the Jeagipr tmay goptada wpi togsix disfeyentrinjicsioni pepitions along the

ohent,. revi,ousl escribed, , a ries reactor
rESIBEREU vilh ATRIE oS AlSREeLatecash YR bl o
reactors connected in series, in which the effluent of
at | east one upstreamreactor is fed to the next

[08242]or daddisionaly) im thé darpes Gatsclavlsiohesort fitore lateral mixing
effluent of the upstreamreactor(s), the feed of any
dexices omay nsupperts the digh-speed stitees.c adbesst mixingmdevices can also

epE Aok B MESh e Z0beS o YR HadsSiprpfhe stirer may
di ey floRd 2 ﬁ@%%hg%%q&b%?faodi?f réidt L de %‘fu flow and back
under st ood that the polyner Dbl endi ng ¢ onemt § &S ﬁlg

mtixirggduagely indépedtdenils, I Grespadatecionesd TWH B mEBY autoclaves
itself be a blend of the sanme polyner with increased

with ©ngl or maregranesnuayr cerureebdntd serés deagper sasmaderto increase
even a hl end of hqpo- d copol yners. [00243] Tubul ar.
reIENGS: B or dos Bl pelans, SEWetr dn A sRadler jtrin, preducing

j es |e S rein and nore
e AT B8 pe BB RSe P AR AR cascade
of @offigutatidmOcdrisists DftwRbr hfstereactory Sordrdct@Pinsdries, in which

external cooling and one or nore injection points
tha efflpenhef at least ene) upsteeaim oeactor is fed to the next reactor downstream
in the cascade. Besides the effluent of the upstream reactor(s), the feed of any
reactor in the series reactor cascade of a reactor train can be augmented with any
combination of additional monomer, catalyst, or solvent fresh or recycled feed
streams.  Therefore, it should be understood that the polymer blending
component leaving a reactor train of the process disclosed herein may itself be a

blend of the same polymer with increased molecular weight and/or

compositional dispersion or even a blend of homo- and copolymers.

[00243] Tubular reactors may also be used in the fluid phase in-line polymer

blending processes disclosed herein and more particularly tubular reactors



zone. As in autoclaves, these injection points serve

as entry points for nononers (such as propyl ene), one
wodoogoevgconmononer, catal yst, or mxtures of tpga%Es2008002899

tubul ar reactors, external cooling often allows for

i ncreased nononer conversion -éfative to an autocl ave,

where the | ow surface-to-volune ratio hinders any

signi ficant heat renoval. Tubul ar reactors have a

sqpebialof cpidrating alpv o abetit 680 MPad Fubudmrstyaetors are fitted with

Shockwave backward al ong the tube. The Shockwave hel ps

ertemad gooling Qﬂﬂ PREOTT BOre iRjection ma@tsfaiongdhor(tubk:ll'cllr) reaction
t l1s n erati.on, Alternatively, tubul ar,

FERE ofs" Ty AseteR RS qiniFRipr RSB, StRBoRs sSRDY points for

mBh8ARA ( s%%hfﬁéﬁ'ﬁgﬂgn?)j Yoot MBld cAfiBRSHES: ca&i%}p { mixtures of

reactors gener operate at pr essures o

these. MAa tubelyr Feiceors catthtal @oolilR-odRA0a TR § Fr ﬁfcreased monomer
100- 4000 neters, and may have internal dianeters of

¢ayersipanrelative dn ampiteclhve,, whebeilthe losacunfacetteweolume ratio
t h d t t f 10 50, 000: 1 and

HiRBfsaany S8R heantiheatcrednevaln Iefm{sﬁ BT iy spgpial outle

' t I

%%?%ct geé:gnw‘l& %n%z b# l{ill%r g'rell % g?”égﬂaé’dﬂ?%rﬁbrﬂai“é’& The

shotkwave helpscdiBR dat dlyHid r@ﬂﬁﬁ@ thdt- Hds%nﬂ@hﬂﬁefeactor walls

bl endi ng processes di ScloSed herein. In this reactor
dringeoperation aultarhatireelyy pibeddr reagtioec rEigshe fabricutad with smooth,

3R AR il B s
7SR BT U AR5, St B0 1002000

xh@t@rsa@i 9902400 ﬁ’fk‘i‘er@ohﬁd RAAY 'th% aﬁie}‘%zﬂl (ﬁﬁﬂleﬁé}? 6%& than 12.5

I ength. I n both aut ocl aves -an r reactors

dmmj eclyipacally, e adsilar eeaqtorsczhhw kagttetb-Umeer ratibsesf 10:1 to
te erat ure or bel ow to provide nmaxi mum cool ing and

X0:000: hedrinelugds upnter | hdidtrrent ipjectionipositions along its legth.

maxi mum operati ng tenperature. In autoclave operation,

a preheater may operate at startup, but not after the

[09244] on REAGHLIraPhE ﬂ?%aﬁél?tﬁtbéla@&e witH %{]blghf( 'rggct&%n Gre also

has sonme back-m xing c acteristics

coatrhplated twichihi thet se@sd iofntief fﬂl@dlqb}ﬁxsb aﬁkﬁh@%dlyﬁieﬁgblendmg
may be heated (especially at start ups) ratherthan.
Pé@%ﬂsé@is aherlassd djlgemat e Inothis meactor ysystemgthe dagoglare typically

ptrgcbe e5 the fitbt tlar readtor or the two types of reactors form separate trams of a
parallel reactor configuration. Such reactor systems may have mjectlon of
additional catalyst and/or feed components at several points in the autoclave, and
more particularly along the tube length. In both autoclaves and tubular reactors,
at injection, feeds are typically cooled to near ambient temperature or below to
provide maximum cooling and thus maximum polymer production within the
limits of maximum operating temperature. In autoclave operation, a preheater
may operate 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 may be heated (especially at start ups) rather



characterized by plug flow wherein plug flow refers to

a flow pattern wwth mninmal radial flowrate
wohobd/oeaces. I n both nultizone autocl aves angdnaXNzbeioo2s99
reactors, catalyst can not only be injected at the

inlet, but also optionally at!#ne or nore points al ong
the reactor. The catalyst feeds injected at the inlet

and ot her injection points can be the sane or

thaf fcootud and m&y operite @Oﬁtlﬁﬁbuslfef}ﬁl\i’m -designed tubular reactor is
concentration. Catalyst feed selection allows polyner
hagacierized byr plug \ﬂomvnh@regi plug flove trefersrtor aatlowr pattern with

roductivity

‘fﬁf‘ﬁhgﬂ Ia ?Eﬂg FPQt %E“l&f%ﬁe? grlgteqptfl [r%l%&epe Avtqqjaves and tubular
re8&6HL caliid di an Rl Enly HeEi é&é&ﬂ 'ﬁa fn?&s R&f B tiddify at one

separétlon of pol yner- and nreac no

CTOMGES PRitS ,alows (RO tréactbfl ITIRS E&alﬁﬂ‘f&&suf‘ &te@AMRE Snlet and
et hane, propane, hexane, and tol uéne. More

qihert ingedtenl poings camdertbacsante ontifidrentin termishef content, density,

ressure drops to |level s bel ow that which critical, o
aréﬂag%“%"é‘é"é‘lt@ﬂr or&&?l)’cﬁ\d fegd  sleciiqpopllawis- pplymem dQ@gantﬁllorlng

QR MBI o b S AP SEOMAINGR, o deired
pﬁbmmltyspméhﬁjdgl tﬁ@ter&of ﬁ,{@ﬂ;.at ure. The autoclave

or tubul’ar reactor effluent y be depressurized on
entering the dovvnstream hi gh- pressure separator (HPS

r _also referred to as separator, separator vessel,
[ %atl ot \ﬁb§sé¢30t@er§aﬁbﬁ ovalveerther pressersl drops to begin the

)
SRR o GBS M- BT Gckt oot Sefianemirpe splyents and
é}% SARM %gl fit %§§§1 l]C Ietthg% nﬁ)ﬁ%‘%ﬁg %QXﬁet gﬁd ho]uene More

solldflwd phase s paratloﬁ erature,

partésdanly, atethebeabolr autld &atvd, tthe Pregdatrddropsd RVRESBERW that
need only be hi gh enough such that the nononer may

V@B%e@féfécalpﬁha%ﬁlea@latl@g allawdng dfaroal palymer-dich phase and a

- PRl i e Ao patian Vessebad vatcallye conditions
R o ek JHGEE 3 tapleal o it Thedftoctave

onunbular reastoe kfflaéntomaynbé ieprésgutided dny 8kterin aﬁ\% downstream
which results in a | owerpol ynerization rate.
higlh-pressurezseparatoa(HP Sy dlso krefarreddags a srpapmoampafwor vessel,

separation vessel, separator/blender vessel, or separation/blending vessel).

[00246] As will be subsequently described in detail, the temperature in the
separation vessel is maintained above the solid-fluid phase separation
temperature, but the pressure may be below the critical point. The pressure need
only be high enough such that the monomer may condense upon contacting
standard cooling water. The liquid recycle stream may then be recycled to the
reactor with a liquid pumping system instead of the hyper-compressors required
for polyethylene units. The relatively low pressure ih separator reduces the

monomer concentration in the liquid polymer phase which results in a lower



system wi t hout addi ng a catal yst poison or "killer"

If a catalyst killer is required (e.g., to prevent
woresioo@as i n the high pressure recycle) thenp@rrmgzsqsmzsgg
nmust be made to renove any potential catal yst poisons
fromthe recycled polymer rich4hononer stream for
exanpl e, by the use of fixed bed adsorbents or by
scavengi ng with an al um num al kyl. [00247] In an

polyerenizhtioe rateb chherpotyméetieatidiSrataynayebe lvav @hedgl e bperate the
the critical pressure of the nononer or nononer bl end
%tenw withaut ﬁédmgecmlamsmmm toxo"“loilgse rHgaoeatalyst killer is

SRR 50 50 LA e e i
S —

pogmee gick monmhes steéam\iot eiaamﬁlet ppitheus@bf HREE bel adsorbents or
operation. The polyner fromthis internediate or

i spavengiogurish ansdeninvmeralkglsses t hr ough anot her
pressure reduction step to a | ow pressure separator.
The tenperature of this vessel is nmintained above the

¢
BT 8 AL A, ST D v
c@itical 9?és§ul‘8 SLthe H¥hoP&SSHUiRnbher rHlé’ncK 856 MitHirs tﬁ@ Rense fluid-

| ow by using a conpressor to recover the unreacted
fhd oiwer phase cegibn, twidch omde nise mdamstagesos Hgt}ﬁey?bgmler is to be

reference above. [00248] In addition to autocl ave
predugedy yvit lﬁoap‘aamp@&cbl«gligbre&wra mimﬂwénneo (HEPE)hplaat. The

FERLP YRS NHISDT: BEPILERaB e B B o e

sdbﬁ@ﬂ 6? e S&dRidary tBmipRessof eﬁﬁfcq’lr 1s3ry/P$:al P IPEE |g)?é’ﬁte(ﬁﬁeratlon

and po yner eXItS cont'i nuously at rent poi

Thleqrgytriee framthisvinit¢rencadiatieror high-rossare e6ésen teeis passes through
circul ates the contents (reaction liquid). The
apalhgr BF %Htﬁ reductionfstemies lewnpriessure tseparatari Hmtexgperature of

SR e e 5y R G5 bty
e EhlE YeSNel *éﬁﬁ W feahlk %rﬁcghﬁ 'H?t%rcﬁg Y5 %ﬁ e%(gruwép Yt ?t%tlc mixer. The

cooling to the exotherm react

pogssut inrthisabssuel ik tkept fows byl siggh i Ic@fhptrésmbﬁ t@tddovePthe unreacted
t hepol yrer product The | oop reactor may have a

mONOM{Isy etgs toghe cp@d§n$r@mdapmn1amg system referenced above.

[00248] In addition to autoclave reactors, tubular reactors, or a combination
of these reactors, loop-type reactors may be utilized in the fluid phase in-line
polymer blending processes disclosed herein. In this reactor type, monomer
enters and polymer exits continuously at different points along the loop, while an
in-line pump continuously circulates the contents (reaction liquid). The
feed/product takeoff rates control the total average residence time. A cooling
jacket removes reaction heat from the loop. Typically feed inlet temperatures
are near to or below ambient temperatures to provide cooling to the exothermic

reaction in the reactor operating above the crystallization temperature of the



l ength of 100 to 200 neters and nmay operate at
pressures of 25 to 30 MPa. In addition, an in-line

woRdIR109®Y conti nuously circul ate the pol yneri petriid008/002899

system t hrough the | oop reactor. [00249] The

pol ymeri zati on processes of th# | uid phase in-1line

pol ymer bl endi ng processes di scl osed herein may have

residence tinmes in the reactors as short as 0.5

pelonied pradactasThe Mo sefetdermly e & didhérf vFt41Ve) B1 cm and a

from1l sec to 120 min, alternatively from1 second to

leogth ofi1 06 to A00emetars \aedymay @pcfats@cqmwures @025 to 30 MPa. In
.ernatively from 30 secon 30 .m nut es,

aﬁ@@éii&n %ﬁlpemumﬁ M4y, ¢RAtUYSHOCIKE a}ee e pglymerization system
tﬁ}& Ilgﬁéye C{t]&m 1 minute to 30 minutes. Mre

par cul ar e’'residence tinme may be selected from

10, or 30, or 45, or 50, seconds, or 1, or 5, or 10,

or 15, or 20, or 25, or 30 or 60 or 120 m nutes.

[08R481im rTEhé qmiymetﬁzmien nprocesses edfetiteefluid ghade indlire polymer
(19'@‘% or or 30, or 45, or.60, or, 120 m nutes.

b QG]PY‘PH%SS% Hbﬁmseddlqs@wmév haygvesidenee times ipghs aeactors as

Za%f e r@ g steﬁgﬁ" so?récf aa nveésf, %F%gfglgtﬂ%ﬁ@ﬁtq%ﬁw Il)zlthom qysec to 120
AR, |a?l‘éh?ﬁldxg:ll‘%'fﬂﬁntlh%croﬁﬁctb' GU‘rﬁltHﬁ:szlt&Jﬁﬁtla uf%mog seconds to

mononer a to the reaction ower conversrons

Iendidutes) ajemasively Friom BOvievoads ity 30 hiiaugs, anemaﬁsyely from 1
the cost of nononmer recycle. The optinumtotal nonomer
migwe te | h minyteswiand altgraatively ﬁr@mctlomlruagutgnw pnintitest  More

a3 P g, e iy hie § lﬁgtepeﬁﬁm 30c6F 3950545, or 50,
SR or pnwss'd}nw*uaf g, fqrsm% Ba%s §¢59L&ﬁo?r1320 minutes.
i ndi vIi dua f

reaétor of theé’ I he proce

Maxinvhran@sidencé mh&sﬁﬁg/h% &l&tﬁafr&ﬁ lJFbrt5> &0% 6Y 15, or 30, or
bel ow 80% or bel ow 60% or 3-80%, or b5- 80% or

4500869, ool 2Q migokes. or 20- 80% or 25 60% or 3-60% or
5-60% or 10-60% or 15-60% or 20-60% or 10-50% or
5- 40% or 10-40% or 40-50% or 15-40% or 20-40% or

[gﬁ% % orr{g‘; erﬁ(fr{x% Péiﬁr&& c&g\ﬁe%l%h al?@g 1]580/?eférli] &N§ as the

I's 1'sotac VpropyT ene

cgggielisgcgg T&RBRHN cblc@ﬂaﬁbdl 1t ﬁk@hg%ett@%lp@#ﬂ?@ﬂ [F819mieP that is
collected during the reaction time by the amount of monomer added to the
reaction. Lower conversions may be advantageous to limit viscosity although
increase the cost of monomer recycle. The optimum total monomer conversion
thus will depend on reactor design, product slate, process configuration, etc., and
can be determined by standard engineering techniques. Total monomer
conversion during a single pass through any individual reactor of the fluid phase
in-line process for blending disclosed herein may be up to 90%, or below 80%,
or below 60% or 3-80% , or 5-80%, or 10-80%, or 15-80%, or 20-80%, or 25-
60%, or 3-60%, or 5-60%, or 10-60%, or 15-60%, or 20-60%, or 10-50%, or 5-
40%, or 10-40%, or 40-50%, or 15-40%, or 20-40%, or 30-40% or greater than

5%, or greater than 10%. In one embodiment, when the product is isotactic



(g' < 0.97 based on GPC-3D and using an isotactic

pol ypropyl ene standard), single pass conversions may
woRogheya 30% and alternatively si n_gI e- pass CpRrarsbezng2899

may be above 40% In anot her enbodi nent, when _

i sotactic pol ypropyl ene essentt#td |y free of LCBis

desired (0.97 < g < 1.05), single-pass conversions

may be not higher than 30% and alternatively

polyptapyperss and tengchain braychiagn@ICB) eheie pbBprépffend @s desired

limt the cost of nononer separation and recycling,

@ g0 hhesed onvePEI-3Ps andiyusireg ahoisetadtic polyptopsderi/standard),

or above 10% It should be understood that the above

g

PAPSy CQRYSEYAnL YN besabae S0%t andy altgrnatively single-pass
.S i .€,, 1the ersi on t al ned di vi di ng. )
GRRUEGTAF o G5 U S0 A nthe e, bl soactc
: r pds ar S N
A plopmaeBchaf rcor MUSIROGIRNYPLE 215045 Sigle pass
cnvprsiens (may Wbkl nat Waighebethang 3% t hid hﬁé&haﬁ@efyh%ingle-pass-
| ess reactive nononer(s). Therefore, the conversion o
QopNersions maicthey sohdrigher thamsf@ent Ts) liodh the cost of monomer

LA b G SRS o

rachi ’ % fr p ' St,ream
B EIEB0e 100s [T TS, TP BhabisRiE Ma IR SR exemplary
conoesicesvalues | @FRMt hoidll i RdnveridRed.d O the conversion
pressure significantly below the cloud point pressure.
obtaiged by diziding dhecombingd coparyivarmratel ehalp maseorfiers by the total

h i fi [ d omer-rich phase for
DR 0 i SRGR TaAROMEE plands Sompiedh Sha pomerionsf the more

. t Qr. fl t Sk b
SIS TR0 SN Bl B o e s
rédvtiveanonaies(3).OfThrréfré, dhe UorBfsit 88 ?l(uje WUre e fhonomer

fouling of the separators and associate
component(p) ears be substaptially higlee thamthototal céieersion values given

ol yner-rich phase and the nononer-rich phase in the
aB?\S%é’é‘é’é?n %‘%568%?}16?@@@%3%@@@1@% dQB%-n a vessel

known as a high-pressure separator (also referred to
as an HPS, separator, separator vessel, or separation

Py&dift Separhfion U D6 RHSHESM Processing:

[00251] The reactor effluents of the processes disclosed herein are

depressurized to a pressure significantly below the cloud point pressure. This
allows separation of a polymer-rich phase for further purification and a
monomer-rich phase for optional separation and recycle compression back to the
reactor(s). The reactor effluents may be optionally heated before pressure let
down to avoid the separation of a solid polymer phase, which causes fouling of
the separators and associated reduced-pressure lines. The separation of the
polymer-rich phase and the monomer-rich phase in the processes disclosed
herein is carried out in a vessel known as a high-pressure separator (also referred
to as an HPS, separator, separator vessel, or separation vessel). The high-

pressure separator located after the mixing point of the polymer-containing



separator |ocated after the m xing point of the
pol ynmer - cont ai ni ngproduct streans of all reactor

wd foag/®oaf the parallel reactor bank is al so rpgfard2668/002899
to as, separator-blender, separator-blender vessel, or
separ ati on-bl endi ng vessel red¥gnizing its dual
function of blending the said pol yner-containing
product streans while al so separating a nmononer-rich

prodaet streamspoPdll yeuior trgins I@'f@ﬁ@{)aﬁah_@l teatioRbadk ivaisetreferred to
conprises the polynmer blend of the in-line blending
35 ceparader-blenden ssrpanatoeiblended 0ves3E], re separation-blending vessel

si ngl.e-strea i gh-pressure separators in series are
BROPGE 115 il (Hae RO R eadingnbe IS MO SH-gABtaming product
i . e . . 0 i .
RSS2 1R @ hORGEL SRy 3L ferric phase,
theflater TamRichEonysifRelthepolyanéd Blkgd ofithe fllihe btlaﬁiin% processes
downst r eam separ at or - bl endér. The nononer-rich phas
diseloggdertiom t he top of the high-pressure separator

may then be directly recycled back to the
honopol ynmeri zati on reactor train without the need for

no, chilled t.owers. The.downstream . .
1883871, orOf clabIcTs) REE-Sieas migEPESSSHIS Aeparalars dRetprics are
; h r
RIS RN LEion Ty e PRERAHERD ARE Spbndl ileny(s) from the
efflaént af rrvimgler feabtarhaain hdmvpobiriefzationC Redd1as @rain) before
the latter of which conprises the polyner blend. In
sgpdingdhmpolyraerrsnagked sireamppdbe domynstricam sepacitoedldnder. The

AFFHBHEAERB0eb B TRl LAt eharacor may
tRaPbHB inré‘c?lgnf'ecg@l%dmnﬁr tHe ﬁ&ipepﬁ%%&%tiaﬁ%aét%% QAR without
one chill ed separation tower | re 1s a nee 0

thepeedtfor smieventmore! chitkedr ovadisl. OTherdoWaRweam Sépataidithlender
nononers prior to recycle. In another enbodi nent, the

bignds| ene raramare gpelymessnrichedpstreany witlkaoed opsthosamnreduced
of .the se at or - bl ender . al so functions as a buf

r&iet oo P E ARG FPBP L RS ionAraG0r Smy L Held p amepomer-

f s [ e ry . Jn.
s oo pPIHTEFC Gl e TRt AN LB s, potymer
bierek: i[8 @nedfobm theomondendt- getdl phadd ﬂﬁztthe& QERERRAY fedycled back

for the nonentary fluctuations in the production rates

to the gepolymerization reactor| teain without the need for one or more chilled
towers. In another form, the monomer-rich phase may pass through one chilled
separation tower if there is a need to separate solvent, oligomers and other
heavies from the monomers prior to recycle. In another embodiment, the single-
stream high-pressure separator placed upstream of the separator-blender also
functions as a buffer vessel (separator-buffer vessel) by allowing the fluid level
of the polymer-enriched phase to vary in the separator-buffer vessel. Such
buffering enables a more precise control of the blend ratios by compensating for
the momentéry fluctuations in the production rates in the individual parallel

reactor trains of the monomer recycle processes for use with fluid phase in-line

polymer blending disclosed herein.



reactor trains of the nonomer recycle processes for

use with fluid phase in-line polyner blending

wodoseiwead herein. [00253] The pol yner-rich phaga@hosshe2see
separator-bl ender may then be optionally transferred

to one or nore | ow pressure Séég'rators (LPS al so

referred to as a | ow pressure separation vessel)

runni ng at just above atnospheric pressure for a

E102532 f| dbk podlyimerhtick oplpasee of sther sepdratursblemder may then be

ol L. go rsé{gﬁl}_ere f, for producing a | ow

W‘gﬁqﬁ'et-r EHFA LR QNS ATyREre lasy-pressus sapgratpes (LPS also referred
i N shi ruder i onal .\stati.c m xer. The on .

i U o s esplteS seAraliBh S6%e0° kiitife it it aRSwe mtmpspheric

pressirefoPh SEFBP% ﬂhﬂﬁopligﬁfséﬁlﬁpéﬁ&ﬁ&%ﬁ%t%ntsrhrﬂfgﬁé@n%% thereof,

operating at Tower presSures felative to the

for gheopue sy nelave pavlatiler sontdingn® ol Pinefahelt | steih £Sthe! fAinishing

separators also are | ocated downstream of the oné or

Gdrudeniogroptionst staticsmi¢arat Bhe onagirudpreylawpressure separators are

epar at r-bflend . Moreover, the .one or nore .
(ﬁ&?\ﬂ%‘f%@%‘h é"%‘egé? 2t OTmROTE high-BressYres SpRaratars| inyrgenerally
- . . |
SERAEI o RORRBRELS AR 5 W SRRl S, T one o
thord lave-predsye separattts sl afC | Qedl d6Wakheat 6l ﬁfbs?xg@ @r more

one or nore high-pressure separators nmay function
high-qressare separatorpindluding thengepasatos blensler.e Morovetjehe one or
| ow ﬂrgessure separator (i.e. nmonomer-rich phase from

TBBTS, e W-PresthIgh ACRATataRy dy fURGliqmyHor separated light from heavy
j f ] el t
Pt tSpAIRE e doWiubiRichd Fhg ohidtueicioch 2 Prtesses for
sk aviehl fluid phabe M-6RE Yoty mEP BlcHdng aREIRRdHdr&inh FHe¥&sVthe one

referred to herein as an HPS, separator, separator

oregoet  highypaessuro sepamsats, magpfimetionbice sejgarateetight fram heavy

separ at i on- bl endi ng vessel, or separator-bl ender. The
ents, Bpfté‘?%’"‘bt? thes low-pressuge SEDAEL9To( . 6ni mAnomer-rich phase

@
re.s t d Righpressure separator is

(N RUSRRRT BRAT 4 RS BB CREPlebal A pab B dan phases
fYdih Ctwd NGs enSreP parulIRY SrcBPRF 2 indt or BHdy | finfROR' & buffers. As
intended to given the relative ditfference in pressure
paeviahslyhstatesk ea deglapaessuse pparater. nfagn e adltetnatively referred to
separators | ocated downstreamin the nononer recycle
hﬁngEeé%é’é‘ #HrS,useparatos, SEPAIEtgIh ysesel.nseparation vessel, separator-

blender vessel, or separation-blending vessel, or separator-blender. The use of
the term “pressure” in conjunction with low-pressure separator and high-
pressure separator is not meant to identify the absolute pressure levels at which
these separators operate at, but is merely intended to given the relative difference
in pressure at which these separators operate. Generally, separators located
downstream in the monomer recycle processes for use with fluid phase in-line
polymer blending disclosed herein operate at lower pressure relative to

separators located upstream.



pol yner bl endi ng di scl osed herein operate at | ower

pressure relative to separators | ocated

woHeed/f@asn [ 00254] The nonomer recycl e proces_sq&;ﬁ/@gzo(;@msgg
with fluid phase in-line polyner blending disclosed

herein for supercritical propyb2ne pol ynerizati on may

be carried out under agitation in the single-phase

region in the reactor at 40 - 200 MPa and 95 - 180 0C
[00284F| G Th2) mohoengrr redycle Erodesges farouseReitlPrfluiar ghase in-line
reactor_ trains (typically t honopol yneri zati on

pelymasr blending) drﬁ&%&ﬁd hersim fonysupereritical ipropylpne gmlymerization

RO R REB10T F BBate EBRS A cor t 4o
, 3005V, i, 9oy e s 01 23 B BEGRS o one o

mopelireactos trdihs \(%tﬂldalbﬁ tR& ARsth ghfé'i’izﬁﬁ%sl?eaﬁforairam) may be
[nd. En Chem Res. 1997, 36, 0- 5525 and Loos et

discharge jiator @syl-ﬁq@ﬁsure TR dt60 ved R OWhBR5tASresiat is dropped

t he .no ri ch phase waul d, conprise | ess than about
9 g lgyel n€§5| angq g‘E‘MFYarmV\)é‘htﬂl?t Ca5§) {ie mixturengvkelaw its cloud

I )
AR BRBIPAS) oy ol B GB86, SR ). Uncer
Si&ﬂsddn\dlt%nsa@lpﬁv@&ldmta xpelted fror9 I@adﬂg@et a[loqgé%n% %‘hem Res.
Assuning that the pressure is dropped rapid
7, éﬁaﬁﬁﬂ@-SS@ﬁwdeILowshmlqrFlaquBha%dE(ﬁhDuItSSGI6(?611’93390 835-846
hases w || separate rapidly, permtting the
ﬁ‘ mopomerich Rk Wauld CQM@ed§SSatharwqab@t Qvltwb @b of low

iRl Gty PR OB SRR alanst o PR auBatehy 0. 59,6 /mL
o I3, 1) Bl 8 i o
dpposifiatdlye).folly®g/miich phase nay then be sent t o a

downstream separ at or - bl ender for blending with the
reactor effluent fromthe copol ymerization reactor

[bﬁ a.sg fTh S?ﬁﬁ% t}%l ﬁrﬁgﬁirgﬁg gqﬁ{g)tae ramfg?ne%ggéh or example
BT 181 SHBSE TMTIASE B8 SRk Mol i,
peomftieg the recycle of the monomer-rich phase as a liquid, without the issue
of having the monomer-rich phase return to the gas phase. As may be
appreciated by those skilled in the art, this eliminates the need for the energy-

intensive compression and condensation steps.

[00256] The polymer-rich phase may then be sent to a downstream
separator-blender for blending with the reactor effluent from the
copolymerization reactor train. The separator-blender separates a monomer-rich
phase from a polymer-rich blend phase. The polymer-rich blend phase may then
be sent to one or more separator in series or may be sent directly to a coupled
devolatilizer. Suitable devolatilizers may be obtained, for example, from LIST

USA Inc., of Charlotte, North Carolina. The devolatilization is a separation



devol atilizer. Suitable devolatilizers may be

obt ai ned, for exanple, fromLIST USA Inc., of
woQaa10oddse, North Carolina. The devol atili zat ipefi/isS00R/002899

separati onprocess to separate renmaining volatiles from

the final polyner, elimnatindthe need for steam

stripping. Working under | ow vacuum the pol yner

solution flashes into the devolatilizer, exits the

processatudséprarateerenidiningf eolatitesofrofmothef fihdhgolymer, eliminating the
processi ng, such as pelletization. [00257? Any | ow or )
needy farosteami sizippang.weWgkingotipden low azmenumi, rthe wlymer solution

noner-rich, phase.to be recycl.ed may optionglly be
flashes defor tﬁ?&ﬁﬁﬁtﬁ}?&eke@ﬁﬁ &eplavg and 3%, e amslFaged 08 fos further
t in the return stream
5&28@%&?%5%@%%@‘8@%‘%@'equi rements and the
st eady-state concentration of the | ow nol ecul ar wei ght

ol ymer fraction in the product. [00258] In solution
0257br pAoyebwesor pepsdow micetuilaeweight poéyimby presese in the

skilled jp the art typically effect separation_ by
'PP'&%‘P?FH@"CH&M%E o pedesyeled rﬂla)bppﬁ%%lbégﬁ gempeed through "knock-

. @ | .point. [00259] I th f
A8 A B e S I U s
dependinROiiptin Pi%dlfbt rBGuPOMEAR altP iR GEeady-$tat Soncentration of the
transported to a gravi mBtric separatton vessel ahere
lowempleeatarreeightipalyneerf feadtiver inl thepredudtf desired to

enhance phase separation of the polyner-rich and
nmononer -rich phases. In either of the forns herein

N A ATt
180 b SIS B 4 (L PRE 5 o
aacebsing thiechiph+tempkrarird cdoudpogstul ar wei ght pol yner

fromthe recycle stream [00260] As may be
appreci ated, there are possible and optimal operating

I0FERTC o) 18LRGH, ordn Bplyiirizationdhn, gorndlstaci b ponditions below
tREERuG! fifint] R’gftﬁ thd ggllyngéﬂ-mfo%n{lg? ?r?i.txg]{rﬁ t%%bgﬁw g(r) la"brvimetric

single’liquid phas egi ne, a possible reg

separatidon ovessel, j whéreatiey préssare-Colldabe fuadRf 1BWRSENHE desired to
(VP) curves. The optimal region (shown within the

eBhaitredpbass peparatiprreft then polyrersrich andnpmmameresch yphiases. In

ove.the lower cr.itjcal. end point
eﬂger of the forms herein &escrxbcg, th% monomer, for example, propylene, is

recycled while staying in a relatively high density, liquid-like (supercritical or
bulk liquid) state. Once again, one or more knock-out pots may be employed to

aid in the removal of low molecular weight polymer from the recycle stream.

[00260] As may be appreciated, there are possible and optimal operating
regimes for reactors and for the gravity (lower critical solution temperature
(LCST)) separator. Referring now to FIG. 24, 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)



(LCEP) and at pressures slightly above the LCST curve.
[00261] Referring nowto FIG 25, for reactors

WOoReAbdodg Wi thin a two-phase fluid-fluid regipgg/uskiR/002899

possi bl e region for operation occurs basically
anywhere bel ow the LCST curve.l54he optimal region
(again, shown within the shaded oval) occurs just
bel ow the LCST and above the VP curve, although, as

foRyoptafie r cuss ad, teﬂ‘ip@)’atﬁ%‘st st dbowkdiheaksvér BAEEaINEnd point
on what actually is optimal, such as the final

(B CHRY andbat pressures slleghti)edb@vmdwdtcsms:umogm zed by
those skilled in the art, the two-phase liquid-liquid
regime is the econom cally advantageous nethod if

PB4 7 B3RS RabSy KRGS R o AR o phase

fdaL fuidotepive! AR pOskibR &gi&w&eg %tl@ﬁ%chfsoﬁ%lbﬁi)o%ywhere

the cloud point and the l'ymer - nomar m xture

telawsther LES Tt ourvegr a‘\hemqjtlmal k¢gidn (egainashownt Within the shaded

p035| bl e region of operation is anywhere bel ow t he
vabroequry éusgrmlca\wdb@ It(FﬁeT\apdcqhqy@ the &P @pwwlthpugh,oas may be

S A BTt e,
dsQfe 'fthal PREF4HRs ofThe I'dgg‘ﬁ’ed H’&fvﬁ:tt' % tedqbhlz2d tO1HBRe skilled in
i gettjZed tyidBe

assur es he energy use'Is optimze

tHe sirt aﬂieetW@pam& diquidd-1Rjuiid repiné lie the %c@ﬁoﬁﬂéaﬂ%e AdVAgtageous
LCST and spinodal curves in order to obtain

rgethedti{ pebipropylgne is fodberpragucedyritoe sevamped EIPPE plant.
desirable that the separation is effected at

sufficiently high tenperatures, so that

[égzétla' | | RefdrGAe ARRR t'aOhg.g%’ fo? thBScAR8! WiEle pb{y?nerizaﬁon is

Thi's rmy requi re that the tenperaturé o

condiicted bh dopditi@Rablew R fé‘l@hﬁ Opdiﬁla%nﬁhﬁle polymer-monomer
tenperature in the reactor(s). 263] Advant ageously,

mixgure t;an@pmtfrdom@ra ngm\hmeénydLGSé“t smmtoa,ntlme possiblel ezgion of
to the reacto pu |ngs tem.i nstead
QpRratidn, ke Ashnbeis beiow the ho S5 dhaveoHg VP curve. The
| t t I . :

difinif 1’%@3@%‘“ ot Rithis s é*.*d,é%%nd‘[a?ﬁé&fd& Syl fat portion
thavis[He?owlthe spindd®, BRPEGEI0R" 10Ve §if BresdiRatab ¥hbRAU COPperating in
t he nononer concentration in

this regime assures that the energy use is optimized. It is also desirable to avoid
operation in the region between the LCST and spinodal curves in order to obtain
good gravity settling performance. Moreover, it is desirable that the separation
is effected at sufficiently high temperatures, so that crystallization does not occur
in the polymer-rich phase. This may require that the temperature of the mixture

in the separator be higher than the temperature in the reactor(s).

[00263] Advantageously, the liquid monomer-rich recycle stream can be
recycled to the reactor using a liquid pumping system instead of a hyper-

compressor, required for conventional polyethylene units.



the liquid polyner-rich phase, which, in turn, results

in a nmuch | ower polynerization rate. This

waoemby/mendgzati on rate may be | ow enough to opermdreus2088%002899

system wi t hout addi ng a catal yst poison or "killer".

If no killing conpounds are adéfed then the killer

renoval step may be elimnated. [00265] If a catal yst

killer is required, then provision nust be made to

Catabyst kilhingpot enti al cat al yst poi sons fromthe

rec%cl ed nononer-rich stream(g.o?a.) by the use of fixed

190254} or Bhatuseopf e pracasses disolosed bereint anidnthe relatively low

alkl%.. Tge cataléft aciivityma be killed by ..

BSOUCE R BF SEPAENGE veelisscatingeiluces thngnenwmer spycentration in
t CTMNa]o¥ [ de . , 0 ch
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m?mﬁmimm@n STHi$ poB@heriZdtonragd ARy B oW 8Rdugh tPdperate this

killing agent will depend on the reqlirenents for

systeam vithat adding @ cgtalyst potgonl en'tkilen. démonkibiing campounds are
I 1, as the .oproduct properties, if the killing agent

%dltﬁw mﬁﬁﬁﬂ FQ‘?QV#W&CR:WXI%@"RM?W%g agent may be

introduced into the reactor effluent streamafter the

pressure | etdown val ve, but before the HPS. The choice

[00265)antift ¥ Gtalysd kil AIeHuirdd HEREHOVRToh NBust be made to

requirenents for clean up of the recycle propylene an%lJ

removecaTer potentiak chtabyst tpudsqursoftont thy egesiclédemornioimdrbyéch stream

killi ngmagent has | ow volatility. Polynmer blending
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methgmolomd ethanwl)! bodiuntitalviiniiseeagste! 0O, Wkl cofiBinations thereof.
]ﬁ]rgscesses di scl osed herein canbe practiced such that

ehoire @ndcquantityefckilling agent yritli depemdi on the requirements for
npositions are made. | n other forns, crystalline
AR of S RS opyisie e sorbeeiibes ¥ seeliswthe product
&{-e . | . i t i . |
PRI B T RGURE ARUCRE Ry VORI The By b RAUAD aRbne may
befin@p@0GEed into the reactor effluent stream after the pressure letdown valve,

but before the HPS. The choice and quantity of killing agent may depend on the
requirements for clean up of the recycle propylene and comonomers as well as

the product properties, if the killing agent has low volatility.

Polymer blending components:

[00266] The polymers produced by processes disclosed herein may be many
structure types, including, but not limited to, block, linear, radial, star, branched,

and combinations thereof.

[00267] Some forms produce polypropylene and copolymers of

_polypropylene with a unique microstructure. The processes disclosed herein can



to 1, 000, 000, 10,000 to 1,000,000, 15,000 to 500, 000,
25,000 to 250,000 or 35,000 to 150, 000. [00269] The
wokleg a®eas di scl osed herei n produce pol ymer Wpdt/@s268ai02899
of fusion, DHf, of 1-30 J/g, 2-20 J/g, or 3-10 J/g. In
another form the processes dil%c] osed herein produce

pol yners having a DHf of up to 110 J/g, alternately 50
to 110 J/g, alternatively 70 to 110 J/g. [00270]

b Ffaesice@@uble thetatbves isotastia) aeddtic, had isphdResRid &dmpositions are
nol ecul ar wei ght of the resulting polyner and to

madet In pthey foims, erpstalline poJymernarde mador i de can be
used as a conmononer to increase the degree of vinyl
termnation in the polymer. [00271] The processes

(0288P 5 THE P s RS R Bk R SRR SREAIEAE Bgtymers with
Helting pAiat BF A0ASPSS oCS Gh@ 20Weiphi-al Brap IA6RLERE v?éight of 2,000
whet her additional a,w di ene or other “di ene such a

toi hPDAD0BoridedRD doel, 006000 150000 t@ry0,0005s25,000 t8. 350,000 or
% diene is used in the conbined feed to any

wt

%@%i%@ppgn train of the reactor bank.
Alternatively, less than 0.4 w % or 0.3 w % or 0.2
w % or 1000 wt ppm or 500 wt ppm or 200 Wt ppm or

[669691 ppl‘h@;[?oé'és%@s difd8ded h'egkiiﬁoﬁ%dileé f&?ogygﬁ? with a heat of

processes di sclosed herein 1 nvolve usinga

fasionp kb ofinl-30 ¥ gli 226 Hpdot Bel1®UAL. | v anvthér €08m, the processes
copolymers resulting fromthat use. Additionally, the
discdesesiskerein praduse pohemersnhaving lavéHaob ppltenielG Kgt albernately 50

I td,on,of qlefi S, wherein the reaction
t?ﬁjﬁdé%salﬁf%%weéﬁgogﬁgqm& ene copol ynerization with
an a, wdi ene and the copol yners that are made. These

copol yners may be enployed in a variety of articles

[00270)di ndDiches cabp! @sed iab % comdifnter $!GRcRAse the molecular
spunbonded and nelt blown fibers, fabrics, such as

weighio vérihe atesulting polymer dod tar cieateedongvohain branching.  Vinyl
Egé_td cul arl Yl Jhese articles include, %&r exanpl e, .
cairide ¢an e Used asa c@MQnaraer toringresase thedesres of vinyl tegmination
iﬁkwﬂg%d articles, foaned articles, foam | am nates

an r mof or ned

[00271] The processes disclosed herein can produce long-chain-branched
polypropylene.  Long-chain branching is achievable using the processes
disclosed herein regardless of whether additional a,®-diene or other diene such
as vinylnorbornene are used. In one form, less than 0.5 wt % diene is used in the
combined feed to any polymerization train of the reactor bank. Alternatively,
less than 0.4 wt %, or 0.3 wt %, or 0.2 wt %, or 1000 wt ppm, or 500 wt ppm, or
200 wt ppm, or 100 wt ppm are used.

[00272] In some forms, the processes disclosed herein involve using as a
comonomer an a,0-diene and the olefin/a,w-diene copolymers resulting from

that use. Additionally, the processes disclosed herein involve a



articles. [00273] It should be noted that while |inear
a, w-di enes are di scl osed, other dienes can al so be

woeland/nyed to make pol ymers using the processesCr/us2008/002899

di scl osed herein. These woul d incl ude branched,
substituted a, w di enes, such -d§72-

nmet hyl -1, 9- decadi ene; cyclic dienes, such as

Vi nyl nor bor nene; or aromatic types, such as divinyl

&xqmlymnzbﬁeﬂéictiam@f dlefismonohieds, whBRiN 'tBE Sreldtiodncludes
from98 to 99. 999 wei % ol efin unlts and from

propylenecaral ethylenei ?y/marmamm wathuan oso-diemoaydrthe copolymers
9! G TG CRES0EOPRN TS Y 4, BRD é%éeu‘“ﬁ{aﬂ%ét{/?&namcnes
Ak o ot e U RGBT oo e

fabyies aédchzatmﬁvmmﬁbakgr 8% hYlaéd ahiMd, de?e ?ﬁﬁlcularly, these
there is no need for external |y added nucleati

artielessnclude2ftislexampi¢, heast fitmssoririted €ibms) mjmtxdnmbldbﬂsarticles
from90 to 99.999 weight % of propylene units, from
Wovognelded aeticles, doamned) antickes,nfqam olaminatenaand thermoformed

‘ﬁﬁgﬁ%l ene units and fromO0.001 to 2 weight % a, w di ene
. Copolymer fornms may have wei ght-average

nmol ecul ar wei ghts from 20,000 to 2, 000, 000,
crystallization tenperatures (wi thout the addition of

[ooresnal Tnutoant bsgmw@me&)wﬁn@Mn%AISaQ&dlenés?éeo&saBged other
MFRs from0.1 g/10 mn to 100 g/10 mn.

diengsnpam pisogbelepiployed tbemaky mﬂynﬁérs(lﬁ@ng thbe;ﬁronssses disclosed
diolefins (Wwth one internal olefin) and their
herginur eEhQSﬁeW@ﬁfd lmh@esbwchﬁd,alsubstltute@if op@-dian¢sudsuch as 2-

raet:t}&k-ﬁ;}f ’dpc %?egﬁi/ch eqr.]?;puq ’ ﬁ%ﬁﬁ&ﬂ@r})omhe%et grn Sro%natlc types,

sherak faw h 5-net hyl -1 - hexene, 1-octene,
1cdecen‘éln Sé&gecene and 1-dodecene. [00276]

Copol yners of isotactic polypropyl ene nade under

su ercritical conditions include ethylene and C4-C 2
g%ﬂorrer@tfm cfhmas1nn!|uémeomlymersrhamgpfemrne9r8eto199 999 weight %

S A oD FOS o ST o biale oy
BRSO ME hiFeq WoiAt Ve ape nbl¥Miar weight from 50,000 to 2,000,000,
crystallization temperatures from 50 °C to 140 °C and a melt flow rate (MFR)
from 0.1 g/10 min to 1500 g/10 min. These forms display high crystallization
temperatures intrinsically, hence there is no need for externally added nucleating

agents.

[00275] In other forms, the copolymer includes from 90 to 99.999 weight %
of propylene units, from 0.000 to 8 weight % of olefin units other than propylene
units and from 0.001 to 2 weight % a,w-diene units. Copolymer forms may have
weight-average molecular weights from 20,000 to 2,000,000, crystallization
temperatures (without the addition of external nucleating agents) from 115 °C to

135 °C and MFRs from 0.1 g/10 min to 100 g/10 min. The accompanying olefin



the use of solvent or in an environnment with | ow

sol vent concentration. [00277] Propyl ene polyners
woheshweed typically conprise O to 60 wei ght %pefr/&2008/002899
conononer, or 1 to 50 weight % or 2 to 40 weight %

or 4 to 30 weight % or 5 to-28weight % or 5 to 20

wei ght % and have one or nore of: 1. a heat of

fusion, DHf , of 30 J/g or nore, or 50 J/g or nore, or

mdy dbe any eof Ch-CT Bolefhise dickefiae (Withmohe, inkm&f0olfin) and their
more, or 95 or nore, or 100 or nore, or 105 or nore or

mixtorgs theredd. Mgreospecifieallyo olefinsiinglusie ashylzneabwtenetls pentene-

ver age ecul ar i gh s nmeasured by GPC DRI) of

b0l hebtncoh ST coarions, bEREhy | nos. chmethyl-1-
08, >0, 0y - 00; 1 | qw, & .Of

e g AR AR E 1SR RE igepnd, KEbecrB i Gdsoene.

g/10 min or nore, or between 0.1 and 10,000 g/ 10 m n;

4. a melting peak tenperature of 55 OC or nore, or 75

[00286] nor €opolym@s o6f isotactic grolpprop2ien@Cnademander supercritical

150.0C or, re, between 145 and 165 0C, 5. an Mw~ Mh
qonditignss i &dﬁye%w noRANd o Cadbioufomogomer suchr agphyitene-1, 3-

, 8t . 278] I n another fo th .
eylinithe Trndicher Cmeyiptateol, FlReLeard desni 1. The in-
i it I t .
I I oSS UG N OB SEDE S i
theuse ofi salvent doindsiDenviforimentswith 16ar sodvéi Wohcéstration.

packagi ng and adhesi ves) or between 5000 and 10, 000 cP
for other applications. Polyner Bl ends and Pol yner

IBPHL. B MR Ro b Br ooy iy ocimpfier U a0 weight %
Of% catibndfnbh dr! Lids®RASENT % ok PeoRAY W@}gb’%egph% 30 weight %,
di scl osed herein. A major fraction o l'ehd I's

ot eSf torSdwa gl 9% or 5 26 Wgh&?/(g hhdHavt deldranre 4f: M nor
fraction of a blend is defined as | ess than 50% by

wel giatheat of fesipn.eAH; , 7A30 dgonmore.can/if) Fgmraners es 60@r more,
use vvi%fluid ph%e i n
or /0 or more, 'or 80 or more, or 90 or more, or 95 or more, or 100 or

more, or 105 or more or an AH; of 30 J/g or less, or 20 J/g or 0;

2. aweight average molecular weight (as measured by GPC DRI) of 20,000
or more, or 30,000 to 1,000,000, or 50,000 to 500,000, or 50,000 to
400,000;

3. amelt flow rate of 0.1 g/10 min or more, or 0.5 g/10 min or more, or 1.0
£/10 min or more, or between 0.1 and 10,000 g/10 min;

4. a melting peak temperature of 55 °C or more, or 75 °C or more, or 100 °C
or more, or 125 °C or more, or 150 °C or more, between 145 and 165 °C;

5. an M/M, (as measured by GPC DRI) of about 1.5 to 20, or about 1.5 to
10, or 1.8 to 4.

[00278] In another form, the polymers produced by the processes disclosed

herein have a melt viscosity of less than 10,000 centipoises at 180 °C as



i ne pol ynmer bl ending disclosed herein are

advant ageous for producing ol efi nbased pol yner bl ends

wo JosMooeda t he pol yners can be divided i nto twecgyusip®/002899

Pl and P2, for which the follow ng conditions

satisfied: N(Pl + P2) = N(P2)!¥nd N(P2) > N(Pl') where

N(Pl + P2) is the nunber of nononers in the conbined
nmononer pool of Pl and P2 pol ymer groups, and N(Pl)

raeskuPon 8 rBrdok€ield WionRiterstOh&irnech N 60TE té 13090 €P!for some
and second (P2) group of polyners, respectively.

fPUDSE{SI]lch @s qmcg;agmgnmd taﬂgezpneg)mm bétveaeds5S@O® andeld, D00 cP for
R onmer recycle processes for use with fluid phase

qteqq 1c8HPY%rer * bl endi ng di scl osed herein include two

or nore polyners, including but not limted to,

t hernopl astic polyner(s) and/or elastoner(s). In

Rulpine BléitisediPPsuter’ Additivese pol ymer bl ends produced

by the nononer recCycle processes for use with fluid

[002Z9] i n Mang dﬂfqrﬂnt tjapesncd:fngolgrml bkads haragi be made by the
i ncl ude two | ymers (a honopol roduced in one

%%W%WF%FCQY@&F«:PB@CQSF%& TaWe avnﬁb asqmr@dm@enlolb’mea blendlng

RPN .
v&élgﬁmpﬁfésﬁlbﬁdp‘?i YiTRbE ?Pa)cﬁﬁglo? fa ﬁ'eﬁa%’ Hsﬁﬁé% ak QQS%Eﬁllm 30% by

er nopl asti c pol yner
wiighteof the Hlerd. The rmdsmnnelorﬂcydle\qarbbessei f@ﬂﬁe&@itﬂﬁhﬁd phase in-
han(ge in pro(gertl es. Thernopl astic polynmers typically
lingapalymer hlending disel os¢drh1eeeuntame a@yanyt@ge@mmfor producing olefin-

des lg %%/est car bonatS a ésul f ones,
5%? Bolymerbien plymisroean b iditided dnionavo gfoups, P1
ARG #BRH e feﬁbmggegmﬁ%ngwﬁaedw' yphenyl ene

sul styreneacry e resins, ‘styrene naleic
anhydri de, pol W@]de?g)a:rnpp;)@dopk]yige}mpq? or
m xtures of two or nore of the above. Polyol efins

wheee DYB] +pB2) a?rtéermlmbarmftmdnomprqoml thewomhined marionger pool of

R Bl i R R i
1 ffdt OB ftid S (RS bl GRS el TebPekriyity. © <

polyoleflns i nclude, but are not limted to, polyners

r§pr|3| ng ethylene including but not limted to
[00 In some forms, the polymer blends produced by the monomer

recycle processes for use with fluid phase in-line polymer blending disclosed
herein include two or more polymers, including but not limited to, thermoplastic
polymer(s) and/or elastomer(s). In another advantageous form, the polymer
blends produced by the monomer recycle processes for use with fluid phase in-
line polymer blending disclosed herein include two polymers (a homopolymer
produced in one parallel reactor train and a copolymer produced in a second -
parallel reactor train) wherein the homopolymer and copolymer have a common

monomer and are thermoplastic polymer(s) and/or elastomer(s).



et hyl ene copol ynerized with a C3 to C40 olefin, a C3
to C20 al pha ol efin, propylene and/or butene. [00282]

wo Th@slogwyer s" enconpass all natural and synt hgld10us2008/002899
rubbers, including those defined in ASTM D1566).
Exanpl es of useful el astonersléthcl ude, but are not
limted to, ethylene propyl ene rubber, ethylene
propyl ene di ene nononer rubber, styrenic bl ock :
o281y mer Ar Uﬂkﬁh&p(&sﬁ@';b&yﬂﬁar@b" ish ol er I8t cﬁEEﬁ% melted by
and the |ike, where S=styrene, "| =i sobutyl ene, and
Mlmdchhen@poldﬂjwth oubapgpreciablobhange mupmnplertles Thermoplastic

copol ynmers, of iso yl ene and par a-al kyl styrene
mymféﬁéywaba 'ﬁ‘iﬁ‘r by are gt hmited dpolyoleﬁns polyamides,

R m%gfyg%rbiq?}%a%ﬁ”%hﬁvwﬁongéii’rfc{!m%?q% giftacties, acrylonitile-
RAATRRbATARRE Hesing] ulypEhYIcAL OAETREIpREMAERO AN fthe, styrene-

| soprene rub I Soprene
aar@hmnmlood:ybs;t%ﬁwae enalehbmhy(dmlehpolyimm af@natic polyketones,
[00283] In another form the pol yner blends produced
Wén@fthr%ﬁaf twecouere 0é thy abaie: Relypledingdnelude, but are not limited

G RSBt SRS OLIBERPS S5 o to ot
%cﬁ?ﬂf%?% & Hﬂ%r &ﬁ%g%&ogdmgﬂgecﬁmq (%Eeotaﬂfgrg 'C, or C4 to Cyg

ene a ne, eth
oefiis, aC£LoACS, albﬁmm oy (RabYE, bR Mg ( dﬂ@él polyBletiR include,
to less than 0.935 g/ chB) i near | ow densi ty

mitlayeniy lisrited 10, polyeny Qﬂ)mp;msl;lg pdl}ﬂemmmodmhngdnn giot yimited to
0. 86 to |l ess than,0.90 g/ ver nsi t
ShySaE PoARIRmEnZRd | WiFhodoB ¢ elianaoContg Lo ralpha olefin,
yet hyl ene (denS|ty 0.935 to less
;{fﬁggfégb%ﬁ@ﬁd l%:{ln‘%?é hi gh density pol yethyl ene (density
0.945 to O. 98 g/ cnB), ethylene vinyl acetate, ethylene

nmet hyl acrylate, copolyners of acrylic acid,
[00R§2}:t hy'klastoatary| eneompassrall natueal andl ymthetic rubbers, including

oly ble by a hi pressure free radical process,
tseﬁ/ge ﬁw@ ,Db&g@%ﬁmpl@s qfs}@@&&tql%stwpgsowm; but are
[ ub EPR) . wvulcani zed
AR sﬁiﬂé*ee SEOR IR FUBoGy Rehr aihoyét kg Fonomer
raebaxarytﬁ@ﬁxc BRICKC 86p819 Afe? SrubBErs (1ﬁ§1'uﬂfn SIOSHS | sBeCSBs SEBS
pol yet hyl ene, pol ymers that are a hydrol ysis product
amfd ﬂNAhkdf;awher.gJSFetylrmegnI—lsobutylene and B=butadiene), butyl rubber,
halobutyl rubber, copolymers of isobutylene and para-alkylstyrene, halogenated
copolymers: of isobutylene and para-alkylstyrene, natural rubber, polyisoprene,
copolymers of butadiene with acrylonitrile, polychloroprene, alkyl acrylate
rubber, chlorinated isoprene rubber, acrylonitrile chlorinated isoprene rubber,

polybutadiene rubber (both cis and trans).

[00283] In another form, the polymer blends produced herein may include
one or more of isotactic polypropylene, highly isotactic polypropylene,
syndiotactic polypropylene, atactic polypropylene, random copolymer of

propylene and ethylene and/or butene and/or hexene, polybutene, ethylene vinyl



et hyl ene vinyl al cohol copol yner, polynmers of aromatic
nmononers such as pol ystyrene, poly-1 esters,
wanpbs/aweial , pol yvinylidine fluoride, polyethycangs2008/002899
gl ycol s and/ or polyisobutyl ene. [00284] |In anot her
form elastonmers are bl ended-uéing the processes
di scl osed herein to formrubber toughened
conmpositions. In sonme forns, the rubber toughened
asratesiow dendisy Polyethylere (mmgin% PERtSSE BEnvd.98S g/EiR’), linear
el astonmer is a discontinuous phase and the pol yner
lovodensity ipehyithyleseauimiowudensity palgethyhine @deasity rth§6 to less

WaadF P alrmar uew, kepodonsy pabisdotines t(c?eﬁx%ifgdfﬁé tdassidBen 0.915
D fmBaR Ay rglVerPlRACIRRSIEL, PR, & 1B 1 0825 grem),
l'higﬁatfetnsﬁ?Iﬁiilgﬂl})/éfﬁifﬁzne|(ﬂeﬁ@lfsE 0f95®R 0198 @hﬁﬁ%thﬂeﬂﬁ%ﬂyl acetate,

(or nore hase” system wiere the el astoner or” so

gihy leme methy hactiyfatentopulpmerpofiserybiodicid, poiymethyime(tscrylate or
is a continuous phase. The bl ends produced herein na
¥y otheti pelymgrshpelianenizable by driglhpressursidies vadicak process,

TSGR CBAORITERS), BB et 0 LS eyt

| | .
ORI h (EWE MBI EOA PRI s
ilpek c abpylypicasucpelydfiides, "gudpéarbosatey,Cl PEENrasingNY trosslinked

transition netal catalysts in conbination with an
nedyethulese, pplyanensi thak areea diydrolysis producoof diVWatthagequate to an

[ in splution, slyrry, high pressure or, gas phase. ,
eps unyLalcahel eanalumst. Ralymers <ol germatic gnonbmers such as
t d cyel adj AR AN . he
RUPUPRAR) GobIENY kil CHOITRERH” Ay T A polyethylene
giveslyahd/oppotiissbutyddnie. such catal yst/acti vator

conbi nations are comercially avail able from
ExxonMobi | Chem cal Conpany in Baytown, Texas under

BB SR TER T Tia Bethd ST processes
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rubber "toughened composition is a two (or more) phase system where the

elastomer is a discontinuous phase and the polymer produced herein is a
continuous phase. This blend may be combined with tackifiers and/or other

additives as described herein.

[00285] In another form, the polymer blends produced by the processes
disclosed herein may include elastomers or other soft polymers to form impact
copolymers. In some forms, the blend is a two (or more) phase system where
the elastomer or soft polymer is a discontinuous phase and other polymer(s) is a
continuous phase. The blends produced herein may be combined with tackifiers

and/or other additives as described herein.



EPA 277,004; U. S. Pat. No. 5,153,157; U S. Pat. No.
5,198,401; U. S. Pat. No. 5,240,894;: U. S ggz. No. .
4: CA 1,268, 753; U S Pat. No. 5, Pa0ys2 02899
“Kggg?gg%% U S Pat. No. 5,264, 405; EPA 520, 732;: WD 92
00333; U. S. Pat. No. 5,096,867162U.S. Pat. No.
5,507, 475; EPA 426 637: EPA 373 403; EPA 520 732; EPA
495 375; EPA 500 944; EPA 570 982; W01/ 09882;

[00286)3506n asume). formfat theNpolymefsd bieids [dib18sdd IHerein include
sone, forns the pol yner bl ends produced by the
wetdlosene p@hsa:chblgeqs t@PEs) or me¢taleceneeplypropemts (mPPs). The

DBE e A helmapg! Yé‘ikﬁ)%%%gﬁ%ge e arebiigeallyprogiucgd using mono-
615@%% ci@loﬁ)eggdt% B@loﬂr éx%%tat e@aﬂlyét? ﬁxg gqmgﬁxa?igngavnh an

autivgtdr &F adlim&tO)daﬂannd?Qr on&iLcoBidiRAtite Wnidh %‘esoﬂithon slurry,
nore other polymers constituting the remnai nder of

lugbrmresqu:gzssgas phaset HEhe tcotahystiand :actevalof ymgy blelt aupported or
based polyners nmade a
FHshipBores a9 sbe Prelpehiadimod 6Ht&5tmg)ﬁ§%pﬁalbsﬁlw¢ﬂr ynsubstituted.

%é{) Ealmgﬂggl o?ﬁ%té'}%f)d{l fs%gg {e@%qst{ﬁcﬁ por combinations
ave | coirheroidIly Avail 4618 FPm! EX)@(FWBSfI CREMcal '@%da{}ég%xy in Baytown,

| ymer bl ends are produced from propylen
ffmav mdﬁrnmdetraderfmmgeaé@asmﬂyoﬁemzwm and EXACT™. For
condl tions articul ar at bu onbgeneous
mflpgn oB oHi tm?ii;QdS Angh catalysis/activatorse te opoduce such

A S S M S g e 77

BEAWC(FM S, Pt NG, 8 11%62 CQ/ §1 éPS[I}hg’ng m?@,goﬁfe'[} Js'”ﬁat No.

peak terrperatures of 80

5&4})58%4 | UzSbPat. elNby I5e07, EIQDEIAEH?ZG&DSB YUES. PﬁfprbS'Sr!Q4 ,800;
0. 8- 100 g/ 10 mn

% et hyl ene cont ent and
Fé’rA ]13 Sa%’a%lﬂﬂ P2OANS; &mmmwww:&amoaw U.S. Pat.
8@?@@@%@(%&@‘. N B L 7s A o 83; BB 5 403 Rpa 520
732; EPA 495 375; EPA 500 944; EPA 570 982; W091/09882; W(094/03506
and U.S. Pat. No. 5,055,438.

[00287] In some forms the polymer blends produced by the processes
disclosed herein include one polymer at from 10 to 99 weight %, based upon the
weight of the polymers in the blend, or 20 to 95 weight %, or at least 30 to 90
weight %, or at least 40 to 90 weight %, or at least 50 to 90 weight %, or at least
60 to 90 weight %, or at least 70 to 90 weight % with one or more other

polymers constituting the remainder of the blend.

[00288] In another form, in-line polymer blends are produced from

propylene-based polymers made at homogeneous polymerization conditions,



copol ynmer of isotactic pol ypropylene crystallinity
conprising 1-20 wt % et hyl ene or 1-40 wt % hexene-1 or
wobododbogbut ene-1 content and 0.8-100 g/ 10 m pclhR2008/002899
(c) 10-30 wt % of isotactic polypropylene with
0.8-10,000 g/ 10 min MFR and mgé%-i ng peak tenperatures
of 80-165 0OC plus 90-70 vt % lowcrystallinity (0- 30
J/ g) honmo- or copolymer with MFR of 0.8-500 g/10 mn.
patieslarlyTiae bulkl homapehyows pulpmesization ussditiynd,heuch as bulk
process disclosed herein may be al so bl ended with
hamegensoug sapercaitisahagbulkwasdution polymesizationi ne
bl endi ng process for other polyners and additives
depicted in FIGS. 10 and 11, in an extrusion process

rea 2 i ST
I00PSoL ¢ Poml e, Bim. Jin-fine, Rolumer, Jlends, corg; pupdussg from
prepglenc-based| solgatrs made aitf hbinBgesHRBOPONINIEization conditions,
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di scl osed herein, mray be functiaqnalized. Functionalized,
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s -H%.at ed acid or anhydride. Forns of unsaturated
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(c) 10-30 wt % of isotactic polypropylene with 0.8-10,000 g/10 min MFR and
melting peak temperatures of 80-165 °C plus 90-70 wt % low-crystallinity (0-
30 J/g) homo- or copolymer with MFR of 0.8-500 g/10 min.

[00290] The in-line polymer blends produced by the process disclosed
herein may be also blended with other polymers and additives using the in-line
blending process for other polymers and additives depicted in FIGS. 10 and 11,
in an extrusion process downstream of in-line
polymerization/separation/blending processes disclosed herein, or blended in an

off-line compounding process.



[00292] Tackifiers may al so be bl ended either in-line

by the processes disclosed herein (see FIGS. 10 and

wobbds/10bévyl i ne via an extrusion process downst ipeggsHs/002899

i n-1ine polymerization/separation/blending processes

di scl osed herein, or in an offié4- ne conmpoundi ng

process. Exanples of useful tackifiers include, but

are not limted to, aliphatic hydrocarbon resins,
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unsat urate or anh unsa

Yachatedaipomnthedwieiphs dfmhbU@@r@éﬁtbbﬂfr@hﬂfaﬁdeﬁe%mmrﬁted acid or
conpound containing at |east one double bond and

anbydridone carbonyl group. Representative acids |nclude
carboxylic acids, anhydrides, esters and their salts,
both metal l'ic and nonnetal lic. The organic conpound
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(AR RIFE PSS HEBHES SRGBLAELSY i fpocess
diselaed, héwﬁf@rﬁée FIGS| 10 4fid "POr Yihiline 'v‘izilcﬁf“e@(trusxon | process

crotonic, al pha-nethyl crotonic, and cinnamc acid
demnstreamt ofiin- lmmpdlymﬂszatnxr/mpzarairmvuahdmge prmsesedxsclosed
herein, or in an off-line compounding process. Examples of useful tackifiers
include, but are not limited to, aliphatic hydrocarbon resins, aromatic modified
aliphatic hydrocarbon resins, hydrogenated polycyclopentadiene resins,
polycyclopentadiene resins, gum rosins, gum rosin esters, wood rosins, wood
rosin esters, tall oil rosins, tall oil rosin esters, polyterpenes, aromatic modified
polyterpenes,  terpene - phenolics, aromatic modified hydrogenated
polycyclopentadiene resins, hydrogenated aliphatic resin, hydrogenated aliphatic
aromatic resins, hydrogenated terpenes and modified terpenes, and hydrogenated

rosin esters. In some embodiments the tackifier is hydrogenated. In other

embodiments the tackifier is non-polar. Non-polar tackifiers are substantially



Mal ei ¢ anhydride is particularly useful. The

unsaturated acid or anhydride nay be present in the
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0.5 weight %to 7 weight % or at 1 to 4 weight %

based upon the wei ght of the -H§¥rocarbon resin and the

unsaturated acid or anhydride. [00293] The tackifier,

if present, is typically present at 1 weight %to 50
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[00293] The tackifier, if present, is typically present at 1 weight % to 50
weight %, based upon the weight of the blend, or 10 weight % to 40 weight %,
or 20 weight % to 40 weight %. Generally however, tackifier is not present, or if
present, is present at less than 10 weight %, or less than 5 weight %, or at less

than 1 weight %.

[00294] In another form, the polymer blends produced by the processes
disclosed herein further comprise a crosslinking agent. The crosslinking agent
may be blended either in-line by the processes disclosed herein (see FIGS. 10

and 11), in-line via an extrusion process downstream of in-line



additive may be bl ended either in-line by the

processes disclosed herein (see FIGS. 10 and 11),

WO 008/100694vi @ an extrusi on process downstream gict/ur2bdsnB2899
pol yneri zati on/ separ ati on/ bl endi ng processes di scl osed
herein, or in an off-1line conpéimdi ng process. [00296]
Useful fillers, cavitating agents and/ or nucl eating
agents include titanium dioxide, calcium carbonate,

polyimerizatibhstparatioh/slendinp | proeessed disclissed didrbny) di’llﬁ% off-line
sand, gl ass beads, m neral aggregates, talc, cl ay and
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fﬁFI’@ﬁﬁ?‘I“é‘“ﬁ'&%ht henic oils, white oils or the |ike.

[00298] Pl asticizers and/or adjuvants may include

m neral oils, polybutenes, phthalates and the |ike.
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compounding process.

[00296] Useful fillers, cavitating agents and/or nucleating agents include
titanium dioxide, calcium carbonate, barium sulfate, silica, silicon dioxide,
carbon black, sand, glass beads, mineral aggregates, talc, clay and the like.
Nucleating agents of the non-clarifying type include, but are not limited to,
sodium benzoate, Amfine NA 11, Amfine NA 21, and Milliken HPN 68.

[00297] Useful antioxidants and UV stablilizers include phenolic
antioxidants, such as Irganox 1010, Irganox 1076 both available from Ciba-

Geigy. Oils may include paraffinic or naphthenic oils such as Primol 352, or



[ 00300] Useful functionalized waxes include those
nodi fied with an al cohol, an acid, or a ketone.
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contacted wth an unsaturated acid or anhydri de.
Usef ul unsaturated aci ds or améiddri des include any
unsat urated organi ¢ conpound containing at |east one
doubl e bond and at |east one carbonyl group.
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[00300] Useful functionalized waxes include those modified with an alcohol,
an acid, or a ketone. Functionalized means that the polymer has been contacted
with an unsaturated acid or anhydride. Useful unsaturated acids or anhydrides
include any unsaturated organic compound containing at least one double bond
and at least one carbonyl group. Representative acids include carboxylic acids,
anhydrides, esters and their salts, both metallic and non-metallic. The organic
compound may contain an ethylenic unsaturation conjugated with a carbonyl
group (-C=0). Non-limiting examples include maleic, fumaric, acrylic,
methacrylic, itaconic, crotonic, alpha-methyl crotonic, and cinnamic acids as
well as their anhydrides, esters and salt derivatives. Maleic anhydride is

particularly useful. The unsaturated acid or anhydride may be present at 0.1



typically used in any known thernopl astic or el astoner

application. Nonlimting exanples include uses in
wombgigdogparts, films, tapes, sheets, tubing, PEIAIS2008/002899

sheeting, wire and cabl e coati ng, adhesives, shoe

sol es, bunpers, gaskets, bell-dék, filns, fibers,

el astic fibers, nonwovens, spunbonds, seal ants,

surgi cal gowns and nedi cal devices. [00303] Applicants
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dﬁlﬁbthﬁlb@z@mbit&l(MllllﬁéiB988PV' ding two or nore reactor
trains configured in parallel and two or nore

hi gh- pressure separators downstream fluidly connected
to.fthe two or nore reactor trains configured in

[00302] The polymer blends produced by the processes disclosed herein are
typically used in any known thermoplastic or elastomer application. Non-
limiting examples include uses in molded parts, films, tapes, sheets, tubing,
hose, sheeting, wire and cable coating, adhesives, shoe soles, bumpers, gaskets,
bellows, films, fibers, elastic fibers, nonwovens, spunbonds, sealants, surgical

gowns and medical devices.

[00303] 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 invention has been described in conjunction with

specific, exemplary embodiments thereof, it is evident that many alterations,



(b) contacting in the two or nore reactor trains
configured in parallel 1) olefin nononers having two

woodmoescar bon atons, 2) one or nore catal ystpcayishe08r02899

3) optional one or nore conononers, 4) optional one or
nore scavengers, and 5) opti oh&- one or nore diluents
or solvents, wherein at |east one of the reactor
trains configured in parallel is at a tenperature
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tenperature and pressure within the one or nore
hi gh- pressure separators above the solid-fluid phase
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and tenperature to formfluid-fluid two-phase systens
in each of the one or nore hi-dipressure separators

W th each two-phase system conprising a
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wherein the catalyst system for each reactor train comprises one or more
catalyst precursors, one or more activators, and optionally, one or more catalyst
supports;

(c)  forming an unreduced reactor effluent including a homogenous
fluid phase polymer-monomer mixture in each reactor train configured in
parallel,

wherein one or more of the parallel reactor trains define a first group (G1)
of reactor trains and another one or more of the parallel reactor trains define a
second group (G2) of reactor trains,

- wherein the number of monomers (N) in the feed monomer pools for G1
(N(G1)), G2 (N(G2)), and for the combined feed monomer pool of G1 and G2



not passing through the one or nore high-pressure
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than or equal to the conbi ned conversion rate of the
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or o 1 BEinE e bRedisedieatior sHlpenis fiom, apg 05 gt of the G1
i r AL Iz :
S8} MRS RSP e SEIGE WERLTSsre Y hifdning
tempepathiyemand psessiieswithin 8 bs@bRGidre High-peéRi Sdfarators above
syndi otactic pol ypropyl ene, atactic polypropyl ene,
the | sphidnflnish phagso trapsitionepoint | utelelnw, theo clond puml,t pressure and
., 8. Th of claim®6
t o %%ﬁﬁep ﬁg f@rglg @h@&iﬁ;t\%eneggw ;ysgﬁgg ngeesaséh of the one or more
= DI, : 0 ene- [ e- .. g
M RGeS MRS whh OBactE Ao SR Svbiem comprising a polymer

‘mﬂﬁhfﬂ Qﬂfash deqrha- Ton@hfé&‘lrﬁﬂ? phB$& "irdl separating the monomer-rich
et hyl ene- hexene- 1,

Phiabg frome the: pelymer; enriohediphage apghein of thet @reer more high-pressure
et hyl ene- propyl ene- hexene-1, ethyl ene-propyl eneoct ene-
SiPa’éFfHS 4P %FE PECRIIPPre sRpataicdironomerbichitases and pae or more
Wg‘iﬁn‘%h&lgﬁ{% further conprising renoving | ow

ecular wel ol i goners, |ow nol ecul ar wei ght

pol yney s, puskingnthe/die! otemiote PolyTABREMIHLI ShsBE the one or
fromr(teyhe s%(gar gt ed nononer-ri%chﬁghases of }?dé and/ or
niere. high-pressmre separatorpof (i anySumtedue¢dhrédeeor effluents of G1 not
| ow nol ecul ar wei ght oligonmers, |ow nol ecul ar wei ght
PestIpgethgougly theneae on meores high-pesspunsasepargtors of Gl, and the

unreduced reactor effluents of the G2 reactor trains through another high-
pressure separator for product blending and product-feed separation;

()  maintaining the temperature and pressure within the another high-
pressure separator of (¢) above the solid-fluid phase transition point but below
the cloud point pressure and temperature to form a fluid-fluid two-phase system
comprising a polymer-rich blend phase and a monomer-rich phase;

(g)  separating the monomer-rich phase from the polymer-rich blend
phase in the another high-pressure separator of (e) to form a polymer-rich blend
and a separated monomer-rich phase;

(h)  recycling the one or more separated monomer-rich phases of (d) to
one or more reactor trains of G1; and

6)) recycling the separated monomer-rich phase of (g) to one or more

reactor trains of G2.



thereof are renoved through the use of at |east one
knock-out pot, at |east one separation tower, or a
woeRihigoedsi on thereof. 11. The process of cl ai Bc/us2008/002899
further conprising feeding the conbined one or nore

pol yner -enri ched phases from-tif&= one or nore

hi gh- pressure separators of (d), the unreduced reactor
effluents of @ not passing through the one or nore

hi gh-2r essThe ps6gas df elfinCf wHereiatHe cOMbiEEHBREMtes of each
reactor effluents of the G reactor trains through one
menamee in thet one af more polymerferrighedophases fromt éd)plis the

further, conpri sSi rovi di ng, one or nore, storage
GoR 'él,edéfﬂyv r%tsdwff?gcg MRPRAMEr ranyownigdueedsiegetagetfluents of Gl

. I r or..ppl yner additives t he
B PeSEinBTh{EeR T8k AR niB R SEhpiffS of G Mo the
¢combined IfTtev pAte &Teaﬂﬁh%ﬂ&rﬁ&?ﬁ e#l FEAR e PRICKES of Ofaim 1 is less
each reactor train positioned before the two or nore
thagbpegsalitodhe epartined somfer§ioh ratensf theodrespdriding monomer in

tBressure | etdown val ves between the two or nore

£ §H- pRagtordraingeparators of (a). 14. The process of
claim1 further conprising feeding the polynerrich
blend of (g) to one or nore | ow pressure separators

serialy g{’lﬁ‘gf&c%gs %)PEH?&T&h%ﬁegﬂ@f ﬁlcﬁlﬂgegr@{éloﬁ&%r ¥2¢h and

ot her vol s to forma further-enric pol ymer

G2 émdudestornieadtortedie. nononer -ri ch streans. 15. The
process of 14 further conprising feeding the
further-enriched polyner blend to a coupl ed

vol atjles to

19 g\r/?nl : t Lém&o&%r@%gf&fgﬁﬁ% _tel%ilgtégggswnecp the reactor trains of
ABRELE AN 5&&?201‘1‘19[\.&1%33)‘?8 [@hi! i zer operates under
abli'ng the fur

vacuum en er-‘enri ched polyner blend to
flash of f the nmonomers and other volatiles. 17. The
process of claim 15 wherein the coupl ed devol atilizer

i s a devolhd procgsseaf clatarl. whereim e pptoanad oneforahadem
17 wherein e or nore pol yner addjtives

comonomers of (b) comprise one or more of ethylene, propylene, butenes,

hexenes, octenes, decenes, or dodecenes.

6. The process of claim 1 wherein the one or more reactor trains of
G1 polymerize a homopolymer and the one or more reactor trains of G2

polymerize a copolymer.

7. The process of claim 6 wherein the homopolymer is chosen from
isotactic polypropylene, syndiotactic polypropylene, atactic polypropylene,
polyethylene, polybutene, polyhexene, polyoctene, polydecene, and polystyrene.

8. The process of claim 6 wherein the copolymer is chosen from
ethylene-propylene, propylene-butene-1, propylene-hexene-1, propylene-octene-

1, propylene-decene-1, ethylene-butene-1, ethylene-hexene-1, ethylene-octene-1,



are added to the polyner blend at one or nore

hi gh- pressure separators, one or nore | ow pressure
wo00adar s, the devol ati zi ng extruder or conbpichats2’02899

t hereof. 19. The process of claim lwherein the two or

nore hi gh-pressure separators!@af- (a) are gravinetric

separation vessels. 20. The process of claim 13

wherein the pressure is dropped at a rate of at | east

ethylth_e@)rbﬁyll’eﬁelbutéﬂe- 1TothyRRCcopy RineHeXeiB- 11 2tt9ledé propylene-

wherein the one or nore pol yner additives are choseﬁ

aqteng-hasnd cthyleneaprapylerfa-decenant copolgmetrs,

pl asticizers, nucleating and clarifying agents, slip

agents,  flame retardants, heat and UV stabili zers,

e AR R 4 o ot
weight 6ligbmRis, Newaf8l¥chlar P gREPSy At AAvdrits ﬁtﬁﬁ%tg%r

The process of claim 1l wherein ohe or nore o
qogehinations thiensofcfoorhi the separatedavabinet-rivh fimses offad) @fd/or (g).
a tubular reactor, a stirred autoclave reactor, a |oop
reactor, or conbinations thereof. 23. The process of

cont 1§ et 1P RsPRF pEFIEIR T wPersinthd 8V rilessifrmicient

configured ih

. H H t . i
L mRRec\Rr WM Ol YO S KAnf Gt ilaftons

therieof ert moadaheougtntieqiset a 16480 Bhaknb&la®uPpot, at least one
followed by a loop reactor. 24. An in-line blending

SpPYaben tewer, w5 acambinasioprtheten§: (a) providing two or
nore reactor trains configured in parallel and a
hi gh- pressure separator downstream fluidly connected

to thye t r : : o .
paral'nal - 0y POREE e F R MAEe Pl feld e gombined
ohe air msorequfly ger-edriched gha&éseﬂroria)th@ lofit iR ni®YHIBh ressure

€

having two or nore carbon atons, 2) one or nor
separalofs of (d)s thawnregycep reaster effinentsrofitbl aot passingrireugh the
oh P B RT5en e 6T ERT AR Sorbuc ] vaoruens
ofthd 82 re&bt Rairls ik AFutF8RE bOHIGRE slabichARH &' 15 at a

12. The process of claim 1 further comprising providing one or more
storage tanks, and feeding from the one or more storage tanks one or more

polymers and/or polymer additives to the process after (c).

13.  The process of claim 1 further comprising one or more pressure
letdown valves for each reactor train positioned before the two or more high-
pressure separators of (a), and one or more pressure letdown valves between the

two or more high-pressure separators of (a).

14. The process of claim 1 further comprising feeding the polymer-

rich blend of (g) to one or more low-pressure separators serially connected to



tenperature above the solid-fluid phase-transition
tenperature of the polynerization systemand a

woResHmuse Nno | ower than 10 MPa bel ow t he cl ougcRaisAb08/002899
pressure of the polynerization systemand | ess than
1500 MPa, wherein the pol ymerilZati on system for each
reactor train is inits dense fluid state and
conprises the ol efin nononers, any conononer present,
furthed separate the monomots gidesthet vohtijesstodoemgefurthepeaniched
and the polyner product, and wherein the catalyst
polsmembiend andane enmase moromertighsirea®sone or nore
cat al yst precursors, one or nore activators, and
optionally, one or nore catalyst supports; (c) formng
a reags or "?Béév&&%s b 44 Agr @%H?@&gﬁggﬁgfthé 'GriRO28iched
pol ynmer'- mononer m xture 1 n eac eactor tr&n
polpieg bl fon SAIpitd devolatizert b Ritthepsepata Gthef Hilatiles to form
paral l el reactor trains define a first group (d) of
a pelymgr blerd.ns and anot her one or nore of the parallel
reactor trains define a second group (&) of reactor
trains, wherein the nunber of nononmers (N) in the feed

nono p r C . for.:t he
oD, POty LGS i MRl B Beoperc
wder Vet €ndblia® thd RirthdNddriche@pbolymbk Hhdab 415k St

N( GE), and \?,herleign t he feednr%)re}%ryrgool n eacdréKlg the
memarners drrdaothen¥olatiles.e t he sanme; (d) passing the

reactor effluent conprising the honbgeneous fluid

phase pol yner-nononer m xture from each reactor train

of d,and through.the high;pressure s rat ar .f.or .
or oauks bl EPRICAPAr bR Bich B CoulPE e glaglikr i o
dSoHtRinY BRrhdg. t enperature and pressure within the

hi gh- pressure separator above the solid-fluid phase

transition point but below the cloud point pressure
and tenperature to forma fluid-fluid two-phase system
conprli&i ngl'ke prsicpsreet elaim 151 whereiih @ne oamebrg polymer additives

o RS i eV BT bl at R G e nigh p SR Sepdrafots, one or

more low-pressure separators, the devolatizing extruder or combinations thereof.

19.  The process of claim 1 wherein the two or more high-pressure

separators of (a) are gravimetric separation vessels.

20.  The process of claim 13 wherein the pressure is dropped at a rate

of at least about 6 MPa/sec.

21.  The process of claims 12 or 18 wherein the one or more polymer
additives are chosen from waxes, polyalfaolefins, antioxidants, plasticizers,
nucleating and clarifying agents, slip agents, flame retardants, heat and UV
stabilizers, antiblocking agents, fillers, reinforcing fibers, antistatic agents,

lubricating agents, coloring agents, foaming agents, and combinations thereof.



phase in the high-pressure separator to forma
pol yner-rich blend and a separated nononer-rich phase;

woadads/{i®do4r ecycl i ng t he separated nononer-ri ch pehiasRo6%/002899

(f) to one or nore reactor trains of &. 25. The

process of claim 24 wherein th®-conbined flow rates of

each nononmer in the reactor effluent fromeach reactor

train of d mnus the conbined flow rates of each

nonon?. pufhegrdoessrof bkimr bedeseinfoneloximodof tshe:creaﬁor trains

th or.equal _to fhe conbined conversion rate of the
leasesh Hﬂpwgllﬁbﬂﬁé?s (COMPrisee ubulasseeaor.ta stitred autoclave

ro S | ai erej,n d.includes one
RGP fpeRiof B rAtoAlShE Rt Lot or tr o 27.
The process of claim?24 wherein at | east one of the
reactor trains of each of d and @& i ncl udes

pr opy2Ene. TR8prokdess pf oluéimsl whegdifioie 2 byl ¢f the rB&tor trains
optional one or nore conononers of (b) conprise one or
qenfigussd in paralekof () somprise, twiounramess, réactors s series wherein the
octenes, decenes, or dodecenes. The process of

29.
(BOLATSke (HRERES I P ImBHSG byl weagiordpHipWeddy wptimred
' t
RN S BATREIF RO fllae@PS aJpoP Helbepf oc coc

of claim29 wherein the honopol yner is chosen from

i sotactic polypropyl ene, syndiotactic polypropyl ene,

at act24c poAy pn-dimgl emding g@ryextss \foe pelympers ycblntpt'rséng:

pol yhexene, po].yoctene, polydecene, ~and pol ystyrene.

31 Qﬂﬁ prﬂfegéx%ﬁwé’l o FOrO TRARIPE trainsheorfagianedninr parallel and a

> om, £ - len ro ene- but ene- 1
HPRRFRShE Baabit 305 SR 08y RURBUSTE B o more reator
tRERPYOEANEE G8 Parallel;et Nyl ene-but ene- 1,

et hyl ene- hexene-1, ethyl ene-octene-1,

et hyl(bpe- moamdtimgeinbthieetwe> oil more reactor trains configured in parallel
et hyl ene- propyl ene- hexene- 1,

13 oighin maononapis| kavdag twieeor moge serbareatomsar?y one or more catalyst

s%tg?ﬁls,e nae) %rp%%}(nlale no(;fed %%err}l%rél comonomers, 4) optional one or more
scavengers, and 5) optional one or more diluents or solvents,

wherein at least one of the reactor trains configured in parallel is at a
temperature above the solid-fluid phase-transition temperature of the
polymerization system and a pressure no lower than 10 MPa below the cloud
point pressure of the polymerization system and less than 1500 MPa, |

wherein the polymerization system for each reactor train is in its dense
fluid state and comprises the olefin monomers, any comonomer present, any
diluent or solvent present, any scavenger present, and the polymer product, and

wherein the catalyst system for each reactor train comprises one or more
catalyst precursors, one or more activators, and optionally, one or more catalyst
supports;

(¢) forming a reactor effluent including a homogeneous fluid phase

polymer-monomer mixture in each reactor train configured in parallel,



32. The process of claim?24 further conprising

renmovi ng | ow nol ecul ar wei ght oligoners, |ow nol ecul ar
woglooqaol yners, sol vents/diluents or conbi ngidToark2008/002899

t hereof fromthe separated nononer-rich phase of (f).

33. The process of claim32 whgh<ein the | ow nol ecul ar

wei ght ol igoners, |ow nol ecul ar wei ght pol yners,

sol vents/di l uents or combi nations thereof are renoved

t hr oughetei® oHé or Mhor@iof! tha Pardled r&ite6Krains define #first group (G1)
| east one separation tower, or a combination

efhesacterr . teains and gnathersenadr chereno2thef paralelr reactarrtrasinmglefine a

f eedi nﬁcth&g)? i ned reactor effluents of d and/or @&
ePBY §Fowh o tIERINS ni xers. 35. The process of

St or aypcrel A Rl RPBE wiofSinBls Oy B def) Riah pools for G1

QU@ BYEGL IHEG 29N arl fOOhe RPhYINBE Tedd Mok YO of G1 and G2
additives to the process after (c). 36. The process of

(N(&d I+ 232)) wire helatecloapfollowg N(E1 o' GRPEEN(GEFad N(G1) < N(G2),
| et down val ves for each reactor train positioned

ore the high-pressure separator. 37. The process of
claim24 further conprising feeding the polynerrich

bl endVBgre the iged monpmerpeol|ip gagh seactprtraianir G2 gre the same;

seri y t t separate. th NONer s .
and gtldher Cﬂ\}{é?@%i ﬁgestr?%&#{) regﬁgel?tu E?W&r Sl i?l&% megsRfops fluid
pHasé foByitlerofonOmdFah xRNV eddi Featldrafdii-of381 ahldeG?2 through
ﬁrogess of 37 further conprising feeding the

the highepressurecieparatot forgreductiblending and prodwetpfieed separation;
devol a)ti zer to f urtg]er separate other volatiles to,

f or m(8) polTpaitaiping the wmperatare apd @ressure withimtles high-pressure

' ' I evol atilizer operates .under. .
SSBEATE SRR B LA SioR B TLR AER pe cloud poin
ER0fk bAd tbapratife 14 ForRNPLARIE MR bt | isi
p?fo. The pr o?gss ofe cl a(i)m 38 wher eﬁt\? gg%%b@%&ﬁ Comprising a
podyrotmtichiblend phase abelvohatnomergricikphasger . 41. The
process of clai,m 38 wherein one or nore polynmer
addi t(f)ves separating the monomer-rich phase from the polymer-rich blend
phase in the high-pressure separator to form a polymer-rich blend and a
separated monomer-rich phase; and
(g) recycling the separated monomer-rich phase of (f) to one or more

reactor trains of G2.

25. The_process of claim 24 wherein the combined flow rates of each
monomer in the reactor effluent from each reactor train of G1 minus the
combined flow rates of each monomer purged from the process of claim 24 is
less than or equal to the combined conversion rate of the corresponding

monomer in the G2 reactor trains.

26.  The process of claim 24 wherein G1 includes one reactor train and

G2 includes one reactor train.



are added to the polyner blend at the high-pressure

separator, one or nore | owpressure separators, the
wodRv9l08bdszi Nng extruder or conbi nati ons ther eofpctAZ2008182899

process of claim 24 wherein the high-pressure

separator of (d) is a gravinetlflc separati on vessel.

43. The process of claim36 wherein the pressure is

dropped at a rate of at |east about 6 MPa/sec. 44. The

pr ocez’s of Thé processdf elaith 34 WiRk&ihat 18t 6A€ 0P Ehd'R¥abtor trains of

yner additives are chosen from waxes,

Wby%fl@h@ndﬁ%mdudﬂsmpum{es pl astici zers,

nucl eating and clarifying agents, slip agents, flane

retardants, heat and WV stabilizers, antiblocking

29etzs. | hepReckLRLAGL AP ASh The SRR e ety
cﬂﬁﬁéﬁcﬁnet@rﬁf (6P 6bprisE VR drhﬁ{)l%o(;f etﬂ?len-ergfro?&thﬁs Butdhes,

claim?24 wherein one or nore of the rea trains

hexenesy wctahesnderanes,| arl dosfecémds. conpri se a t ubul ar
reactor, a stirred autoclave reactor, a | oop reactor,

or conbinations thereof. 46. The process of claim 24

wh t h t t f

el Dol SpreER  ab st FREHSH i S Priir péiciar rains of
GE pb%%&hanfoz)r%wmer 8hd ﬂ?{) ﬁég S\Axgngogé ?a gtiristféuiégﬁf G2

conprise a tub react or
palymoetiae e copabtnoer. or a tubul ar reactor followed by a

| oop reactor. 47. A in-line blending process for

pol ymers conprising: (a) providing a first group (Q)

of o or re reactpor, trajins, and second group (&)

of ond: or THE RIoES oS 1a{m;9n‘§hemﬁ& hpnapp Yymerds Fhesen from
iSRRI PSIYPY. .28

i yprl%?)?? Ko SRR p AP ro B, SRR3Ry gpytene,
pebrthyitoe, pelybhtehd) polohexards, pelydetéde, B &B@ﬁé‘%ﬁd 1 :
hi ghpr essure separa%,o? is fl SI gldf conge%t ed td poa}r']s&yrene
wherein the G reactor trains are configured paraIIeI

cont 2t | nd HePraSER Grcliim 29oubersin thegopenameis apvseitom
e@lﬁégﬁ?ﬁﬁr@m&e alte%:el g{argﬁyfege GBheS:! propYIENE bctene-

NONErs I n
1, propylene-decene-1, ethylene-butene-1, ethylene-hexene-1, ethylene-octene-1,

ethylene-propylene-butene-1, ethylene-propylene-hexene-1, ethylene-propylene-

octene-1 copolymers, and ethylene-propylene-decene-1..

32.  The process of claim 24 further comprising removing low
molecular weight oligomers, low molecular weight polymers, solvents/diluents

or combinations thereof from the separated monomer-rich phase of (f).

33.  The process of claim 32 wherein the low-molecular weight
oligomers, low molecular weight polymers, solvents/diluents or combinations
thereof are removed through the use of at least one knock-out pot, at least one

separation tower, or a combination thereof.



of the reactor trains of &, 4) optional one or nore

scavengers, and 5) optional one or nore diluents or
woby/rvéss, wherein each of the reactor trainsplarusehosn02899

and & are at a tenperature above the solid- fluid

phase-transition tenperature-d18-+he pol ynerization

system and a pressure no |ower than 10 MPa bel ow t he

cl oud point pressure of the polynerization system and

| ess 34an ThePrddeas afidldimvadt firtheeavimprising &eding the combined

mononer,. wherein the pol ynmerization systemfor each

reagter 6filyenys pf 611 ad/anG2ahrough ene osmosp siaticinixerst at e

and conprises propyl ene nononmer, any diluent or

sol vent present, any scavenger present, and the

pol y“3g5. PrpHY ?foce@g‘ af #:ﬁ?mpﬁi We‘r%ﬂﬂgﬁﬁir?%ﬁfmfn%roﬁeh& more

second reactof train turther conprises o or nofre

storage earekss and figbdiig fRIm thé8né€ 8f #lofe istorisd Bk Yne®RGhore
reactor train of and & conprises oné or nore

nedymerssandipe pokysaersadditireesato the peocess iaftat (o)s, and
optionally, one or nore catal yst supports; (c) formng
an unreduced reactor effluent including a honbgenous

f1ui dyeph : ) Iceach
tra w05t o MRS o BRI e cBiiahisBik i 6F Bl pressure
lefdohuevdlved foBacheeqdier RainPéStiGhed beford tl\f/\eﬁ?ﬁ%@%ressure

trains through a high-pressure separator

sepanatati ni ng the tenperature and pressure within the
hi gh- pressure separator above the solid-fluid phase
transition point but below the cloud point pressure

oyst Sl coris bbckS: AP HRG 24: tefiet eiinprishie fFegiie e polymer-
r{Brl:nrl%ﬁd of(Bfto %@%ﬁ’méfédlo%g?és%xier% ta{h‘?of@ﬁ%gi%ﬂ&'crohﬁgcted to

phase from't he pol ynerenri Ched phase 1'n

farthér sppasatatiee semonadrs ant otlicrvolatiles pef@ned further-enriched
nmononeyr -ri ch phase and a pol yner-enriched phase; (e)
pebysenblendandoingrery mers monemepirigiestteams.t he

hi gh- pressure separator of (d) and the unreduced
reactor effluents of the G reactor trains

38.  The process of 37 further comprising feeding the further-enriched
polymer-rich blend to a coupled devolatizer to further separate other volatiles to

form a polymer blend.

39.  The process of claim 38 wherein the coupled devolatilizer operates
under vacuum enabling the further-enriched polymer-rich blend to flash off the

monomers and other volatiles.

40.  The process of claim 38 wherein the coupled devolatilizer is a

devolatizing extruder.



t hrough anot her hi gh-pressure separator for product

bl endi ng and product-feed separation; (f) maintaining
wolloes/foeswaer at ure and pressure within the anot bpefr/us2008/002899

hi ghpressure separator of (e) above the solid-fluid

phase transition point but bel®w the cloud point

pressure and tenperature to forma fluid-fluid

t wo- phase system conprising a polyner-rich blend phase

and a41ondTk¢ pracebs phaken IBWheriRbAt ok IndreSolymer additives
nmononer -rich phase fromthe polyner-rich bl end phase

drey added tnthetpolymiey iblgndoatthe diglepegsaurer sepharated, ane dranore low-
a polynmer-rich plend and, a sepayat ed noner-rich
RS0 e togn B RRYO PRGN aRIIcE oY SOMPHRIAnS hermoSs o

of (d) to the one or nore reactor trains of G; and
(i) recycling the separated nononer-rich phase of (Q)

to onp.or Ty mﬁrd&%bﬂélaﬁﬁlfﬂmh@&i@)e ﬁi?gb%?%tﬁé ‘§i€§z§f§tor of (d)

of claim 47 erein the pol ypropyl ene ymer

is h@raviniatamseparptionaepsedpy| ene, propyl ene- but ene- 1,
propyl ene- hexene-1, propyl ene-octene- 1,
propyl ene-decene- 1, ethyl ene-propyl ene-butene- 1,

2: Eg:@ggpg %{}q%gzﬁgs_ gﬁ{ﬁg%% wherein the pressure is dropped at a rate

FP K ROSbAPNBIgLecene- 1 copol yners. 49. The

process of claim47 wherein the conbined flow rate of
propyl ene nmononer in the pol yner-enriched phase from
(d) mnus the conmbined flow rate of propylene nonomner
pur géid- f r orhe procpssoeleelgims 36 |oaidrh whieriein thesene dramooe polymer

al to the copbi ned conversjo ate of the propyl ene
ofifiies o% Gl BB ek poliallagietie. augosganis, pRATFirers,
' r I i si.ng. :
ok Rafpant A ind e SIS THENE AR ) e gd UV
stablizess,amdiblocldng agents Ofillefs(Pdin frcigefi Bérs ANt B tAtRAL Qits,
trains, wherein @ polynerizes a polypropylene
lubrigating agentss ealagingragents foamsng agenity,mmapgdmbimations thereof,

copol yner,

45.  The process of claim 24 wherein one or more of the reactor trains
configured in parallel of (a) comprise a tubular reactor, a stirred autoclave

reactor, a loop reactor, or combinations thereof.

46.  The process of claim 24 wherein one or more of the reactor trains
configured in parallel of (a) comprise two or more reactors in series wherein the
two or more reactors in series comprise a tubular reactor followed by a stirred

autoclave reactor or a tubular reactor followed by a loop reactor.

47. A in-line blending process for polymers comprising:
(a) providing a first group (G1) of one or more reactor trains and a
second group (G2) of one or more reactor trains, wherein G1 polymerizes a

polypropylene homopolymer and G2 polymerizes a polypropylene copolymer,



wherein a hi gh-pressure separator is fluidly connected
to d and &2, and wherein the A reactor trains are

wocad/iguyged parallel to and fluidly connected pcanid2608f642899
reactor trains; (b) contacting in each of the reactor
trains of A and &: 1) propyl#¥ne nononer, 2) one or
nore catal yst systens, 3) one or nbre conbnoners in

each of the reactor trains of &, 4) optional one or

whéreirs 6nY Ripdepressireteparaddrt iscllyosshneetedioioes o lahd%ﬁ’abﬁher high-
or solvents, wherein each of the reactor trains for
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MORGHES, 2 )RS & Mokd @aﬁg}s‘t FEleARL 39 Bns bt R %m@ﬁ&ﬁers in each
reactor train of isinits dense fluid state

ofrttie reagior mamspmfbﬁ)ZL dheptionalrene oamyordi scaeerigers, and 5) optional
sol vent present, any scavenger present, and the
%I‘i{r@?repﬁhé‘éﬁi’é% or selyentse pol ymer i zat | on systemfor the

o oo oGRS i, bR bR graiSs 1B " 398 G2 e R tpmperature
abBPe ¢ sblidifllid phade WMsitfort R dratiTe Q?Qh@?oiggﬁgnzatlon system

catal yst precursors, one or nobre activator _

andta predsuye nonfovasr thane 16 aVi@aybélosu totlotid H6int éﬁﬁu@@ of the
a reactor effluent including a honogeneous tluid phase
Pelymesizatiamsystemnand less than d$560 MPacangd haveijah lesgst @Gne common
and &; (d) passing the reactor effluents from each
MUYy train of A and @ t hrough t he hi gh-pressure

SeparHtin fg’k Pl ngxﬁéﬁtzam)ﬁ L tﬁﬂm fd}deaefl Qgé‘cctl)f rﬁg‘fjof Gl and G2 is

separ at | on; ntal ni n erat ur e
imitesiense floid biare &ﬁtﬁcbﬂr@hrs@i PESPYlEnSRIPDADRTER! ax@baﬂﬁeﬁth& solvent

solid-fluid phase transition point but bel owthe cloud

pprsient, any scavenger present, and the polymer product, and the polymerization
system for the second reactor train further comprises one or more comonomers,
and

wherein the catalyst system for each reactor train of G1 and G2 comprises
one or more catalyst precursors, one or more activators, and optionally, one or
more catalyst supports;

(¢) forming an unreduced reactor effluent including a homogenous
fluid phase polymer-monomer mixture in each reactor train of G1 and G2;

(d)  passing the unreduced reactor effluents from the one or more of the
Gl reactor trains through a high-pressure separator while maintaining the
temperature and pressure within the high-pressure separator above the solid-fluid
phase transition point but below the cloud point pressure and temperature to
form a fluid-fluid two-phase systems comprising a polymer-enriched phase and a

monomer-rich phase, and separating the monomer-rich phase from the polymer-



pressure and tenperature to forma fluid-fluid

t wo- phase system conprising a polyner-rich blend phase
woes/fvemnoner -ri ch phase; (f) separating the pct/us2008/002899

nononer -ri ch phase fromthe polyner-rich bl end phase

in the high-pressure separated8lt-o forma pol ynmer-rich

bl end and a separated nononer-rich phase; and (g)

recycling the separated nononer-rich phase of (f) to

driviched phake i tige hiphcpisiireaieparatdr (2formla séParaRidOmdRSdmer-rich
of claim50 wherein the polypropyl ene copolyner is
Ritese end farpalymeneneiobeg pbasd; ene, pr opyl ene- but ene- 1,

ro ne- hexene-1, propyl ene-octene- 1, )
Br og% ne-lb"éé'é\ge-ﬂl’i, P@?}%Féﬁ%r-lﬁh‘?fgyp}&ﬁ@- d@mndhe 1 high-pressure
s%@ﬁxi/éllt&n of g?g%ly Nfie Hﬁ{%%ﬂ%éci’re%%gr effluents of the G2 reactor trains

ene- ene- oct ene-

thtdugheafotRer LR PREAGEE Sepakato? BE YISt bﬁ@ndi\}:\igeand product-feed

process of clarm50 wherein the conbined flowrate o
sepayafiosne nonomer in the reactor effluent fromall
reactg)lr5 trains of A mnus the conbined flow rate of

pr opyfkne maisaBmgthegismperatvre pad pressuse within the aneiber high-
P P A 3 1Pk ok BB 56 SRR S Potd i et
the cloud point pressure and temperature to form a fluid-fluid two-phase system
comprising a polymer-rich blend phase and a monomer-rich phase;

(g)  separating the monomer-rich phase from the polymer-rich blend
phase in the another high-pressure separator of (¢) to form a polymer-rich blend
and a separated monomer-rich phase;

(h)  recycling the separated monomer-rich phase of (d) to the one or
more reactor trains of G1; and

@) recycling the separated monomer-rich phase of (g) to one or more

reactor trains of G2.

48.  The process of claim 47 wherein the polypropylene copolymer is
chosen from ethylene-propylene, propylene-butene-1, propylene-hexene-1,
propylene-octene-1, propylene-decene-1, ethylene-propylene-butene-1, ethylene-
propylene-hexene-1, ethylene-propylene-octene-1, and ethylene-propy'lene-

decene-1 copolymers.

49.  The process of claim 47 wherein the combined flow rate of
propylene monomer in the polymer-enriched phase from (d) minus the combined
flow rate of propylene monomer purged from the process of claim 47 is less
than or equal to the combined conversion rate of the propylene mondmer in the

G2 reactor trains of (a).
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50. A in-line blending process for polymers comprising:

(a) providing a first group (G1) of one or more reactor trains and a
second group (G2) of one or more reactor trains, wherein G1 polymerizes a
polypropylene homopolymer and G2 polymerizes a polypropylene copolymer,
wherein a high-pressure separator is fluidly connected to Gl and G2, and
wherein the G1 reactor trains are configured parallel to and fluidly connected to
the G2 reactor trains;

(b)  contacting in each of the reactor trains of G1 and G2: 1) propylene
monomer, 2) one or more catalyst systems, 3) one or more comonomers in each
of the reactor trains of G2, 4) optional one or more scavengers, and 5) optional
one or more diluents or solvents,

wherein each of the reactor trains for G1 and G2 are at a temperature
above the solid-fluid phase-transition temperature of the polymerization system
and a pressure no lower than 10 MPa below the cloud point pressure of the
polymerization system and less than 1500 MPa and have at least one common
monomer,

wherein the polymerization system for each reactor train of G1 and G2 is
in its dense fluid state and comprises propylene monomer, any diluent or solvent
present, any scavenger present, and the polymer product, and the polymerization
system for the second reactor train further comprises one or more comonomers,
and

wherein the catalyst system for each reactor train of G1 and G2 comprises
one or more catalyst precursors, one or more activators, and optionally, one or
more catalyst supports;

(c) forming a reactor effluent including a homogeneous fluid phase
polymer-monomer mixture in each reactor train of G1 and G2;

(d)  passing the reactor effluents from each reactor train of G1 and G2
through the high-pressure separator for product blending and product-feed

separation;
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(¢)  maintaining the temperature and pressure within the high-pressure
separator above the solid-fluid phase transition point but below the cloud point
pressure and temperature to form a fluid-fluid two-phase system comprising a
polymer-rich blend phase and a monomer-rich phase;

(f)  separating the monomer-rich phase from the polymer-rich blend
phase in the high-pressure separator to form a polymer-rich blend and a
separated monomer-rich phase; and

(8)  recycling the separated monomer-rich phase of (f) to the one or

more reactor trains of G2.

51. The process of claim 50 wherein the polypropylene copolymer is
chosen from ethylene-propylene, propylene-butene-1, propylene-hexene-1,
propylene-octene-1, propylene-decene-1, ethylene-propylene-butene-1, ethylene-
propylene-hexene-1, ethylene-propylene-octene-1, and ethylene-propylene-

decene-1 copolymers.

52.  The process of claim 50 wherein the combined flow rate of
propylene monomer in the reactor effluent from all reactor trains of G1 minus
the combined flow rate of propylene monomer purged from the process of claim
50 is less than or equal to the combined conversion rate of propylene monomer

in the G2 reactor trains of (a).



