PROCESS FOR FLUI D PHASE | N-LI NE BLENDI NG OF POLYMERS FI ELD [0001] The
present invention relates to the field of polyner blending. It nore

parti cul awvbyoosaisaties to a process for bl ending of pol yolpefrius2imasesd2pol yners
in the fluid phase. Still nore particularly, the present invention relates
to a process for in-line blending of ol gfin polymers in the fluid phase in
the product-feed separator section of an integrated polynerization plant.
BACKGROUND [0002] Pol yner bl ends nay be nade by a variety of ways. A
flexible but_expensive off-1] ‘ f e
pol ymers as <9 oy FQR SLUML2 PHASE JN-LUNE BL BRI e
process that produced the pol ynmer blend conponents. The pol yner bl end
conponents are typically first nelted or dissolved in a solvent and then

bl ended. These processes are known as nelt-blending and of f-1ine solution
bl endi ng, E ctively. In nelt blending, the solid, often pelletized or

bal ed, po bl e conponents are first | t nd then blen t gget her
in their m;q%n st .plg%nr}o]fnvteﬂ OBitht%sanﬁées %F@8§a°M8§lbﬁ%1qﬁ’q%'| celgdi ng
i's the hi [ | | &€ ' ' or
mor e poly e R B o Bl T PPy mier?

sol ution @f fthd ifhed Prerdi ntillt meres Particulafly e thepprdseht imeenionbedlas tooaynmer

bl end conponents are first dissolved in a suitable solvent to forma

pol ymer sprasesifior iankine hlending o olefin polysmeradn the fluid phaseaincthg peaduet-

t oget her. After bl endi ng, | uti on bl.endi ng .requires the extraction of

sol vent f f5i) steﬁéraépremtlgncpiownﬁeggrg dtH?iyngélﬁﬁté?P Bg’ln%rer. Sol uti on bl endi ng
can overcone the viscosity issue associated with nelt blending, but is

expensi ve J@mﬂeed for redissolving the polynmer bl end conponents and
due to thg%t,u@g(ﬁ%@ sorvent handling. - 2 -

[0002] Polymer blends may be made by a variety of ways. A flexible but

expensive off-line process of making polymer blends uses solid polymers as
starting materials, typically outside the polymerization process that produced the
polymer blend components. The polymer blend components are typically 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 or baled, 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.



[ 0003] The common feature of both nelt blending and off-line solution
blending is that the polyner blending conponents are made in separate

pl ant s amsiotzh@/mediid pol yners then are reprocessed eit hecTius2@7messeen or in
a dissolved state to prepare the final polyner blend. In fact, these
off-l1ine blending processes are often operated by so-called conpounders,
general ly i ndependent of the manufacturers of the polynmer blend conponents.
These processes add considerable cost to the cost of the final polyner

bl end. Th roductigon and ful |, pol yner, recov [a | ant.s ..and
subsequenf & Hr oceélglenﬁomﬁtqrbﬁ%r@c Rf hahime fglﬁpa B’Fl %fgclﬁ‘eb?(&HHgn
because o nee e i of the
need for l’gf@e g?%%? rPg’%f‘JEg? rﬁfe?ll%é/ ?ﬁéﬂ I{ %ceéﬂie/sné%égiyaggsom g? &Z&%‘l‘@ﬁst hei r
oper ati ongnd ¢hd sbhd‘?gﬁ%éﬂs' tABn tiilr@ pEroBeAka QithRel ih A&RoR¥A l0R 1ﬁQJ di88élvednd
facilities for poly di ssol ution ‘and sol vent recovery-recycle.

Subst ant i sfate epr prepass rthe cfinals pobyrher Ibdershvedn i fact, hthesel gfffdmeblbéemhngoul d

be made in one integrated polynerizatjon plant jn-1ine, bef
recovery arm:ewa arg .ofﬁengmsrat@é@yss@rw W@deeéme@s lyn@#@eemf ]The

di sadvant age o ara I ef] t c t he
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series reactor configuration. Uilizingt series reactor configuration,
product bbehdhéergreteyetyeimsemplei plaats amd shbseplent repropedsyng increasesrthe eact or
itself when the effluent of the first solution polyngrization reactor i's
fed into £A¥Ssekeraducng twchoplendsi brratse it the aged clarafuplégaie ipalymer

The. Do sTerayebEifet hdiichpse BRing aeed Hor sErmaf bRty PhinfiR FhE1AE {0,
di fferent eH&J %gécﬁ?efaew théie o@bfeazgmgn wgolﬁﬁaﬁtb%ncﬁhga@s% ﬁyqﬁue&ended

in the secon stage yleI Ing a ner product |eaVing the second

react or. &xrh sokR@at,andsacilkies fonf)olgrmatdlmhmmn brd Solveherecexpanryclent o
nore than a two-stage series configuration (three or nore reactors in
series). Guhstantialyrepioeessingsceogts rcqugbcbpoﬁayedalf tbr:cmlwea bierdgy couldsbe it h

as nmany as conmponent s or. even m)re in the eff nt of the | ast
reactor. W{a&? ﬁgﬁ mﬁeq;?qecho\éy@er%ﬁl ‘ﬂ lHlfmSSnB?éo ﬁg@e B%COHF%B% d and
bl ended i Befleti A Pifke Blid HON nﬁ&m&c%f@ﬂen@vre than one catalyst or by
utilizing rru?tlp € zones O at| ng at different conditions in one or nore
reactors of the series reactor cascade. Wiile m xing in the downstream

react or ( SjogU4JVvi dem%dlfa@ﬂ&g“d ofh Xt pdraterpolyotafiriblendimpeplanbassoeeedr s are
equi pped with m xi ng devi ces, nmechani cal stirrers, such series

react or cwith @l@rmcit t}cm‘hng opé off- (l;mn sphusiosrhblending proeesses lfpallmwtcdlwl;ﬂﬁ ocess
and product qualit ont r.ol bl e due ;to oupli.n
reactors Mp PHOT Ak eHod ofe IRsfing IHAaR hl% Rtk PRTFREE, Pngss setics

commer ci a §ict fJpsuri LoP S liver
consi stenk a%? ad°g’§§i“§%t Ad(p}?h g ﬁ?:eo%!p Ica |0F16;D§(r6| sglﬁ edr{pt R}&jb#gnd
conponent gz ﬂiafyfl%@wonfﬁlmeﬂﬁn@wmﬁhbhw mBArAticn Feictor inkeehwhbey have
di fferent nonomer pools, such as in the case of bl endi ng different

copol ymer theoeffluent rof thasBrsofsobitéom ipaty heriizatiamueastqrolsy fask #nto Shaciscone
nmononer streans are bl end

lcti the snootlonfo (ﬂ r se arate recovery
and recycr@cﬁnﬁﬁﬁrﬁﬁgg&fs ferens t‘@%?)éﬁ” |°(5’F|‘§’n?ﬁyt gtle ‘t‘l Fteéﬂ)‘i
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appar ent Ndse art o m cal” engi neeri ng.

difficult bSﬁﬁgux%tlBﬂrdﬂ pm;al |(priot ant)f iheawo tifférehy pelynters imaddRr ehesBrstinl i ke
in smal | -nol eCul e synt heses, reactor conditions detérnm ne not only reactor
product i vahd sscord atadot etagemdmctbld:rl@ddlrr thé secdnd stage qyipldinigict blendpdrt i es
rel ated to control | ng the quality of the poé‘g&iar bl end cong nts. For

exanpl e, erzpmc legying Hesvseeond Bactnp GPaC R SeTifSe SRR GUIAtiPR ¢
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reactor ab§ mdrefrémaﬁeiﬁ setiese Gendrallf] a PERERISH n 8ddctdrd Hh &P ptsrefl Klend) -
Since in a series reactor cascade the effluent of an upstreamreactor flows

into the next downstream nenber of



- 4 - the reactor cascade, the residence tine, catalyst concentration, and
nononmer conposition and thus nononer conversion in the downstreamreactor
cannot bewedpasssesiii ndependent|y of the operating condi trons2¢opaeisecul arly
of the flowrate) of the upstreamreactor. Because of this close and

i nherent coupling of operating regines_in the reactors of the series
cascade, the correlations depicted in Figures 2, 3, and 4 further reduce
the controllability, flexibility, and thus the useful ness of the in-line

bl ending nethod in a series reactor configuration., U.ti ely, .thi reatly
Feduces t HUIARBEMYORS B ATRPHRGH OF SVERADORATepE-iagthe; Abisah of e Tsd

S SRR, 0 IR PP, G580 R

[ 0006] Appl VIMg para s’can overcone ant’ages ated to

the direchlged! inng pdactdie bpl Yoreekampie)nusig@aheres thah ®nel Gathlyde groby mer
bl endi ng applying series reactors. Wile production flexibility is
i ncr easedptilizpy multgple zoacs operatingrad rdifferant conditions s aneecori moreardagtdrdn of

bl endi ng vessel s |ncreasing the co of the process. ,[0007] A need thus
exi sts foPldRei sREIcSy BRRCIOTd Cetsadeef rWBilE VRINBENHY the ¢$1wn$t r%|@aaﬁ05§3'of

pol ymer s avol ' . (o]l ¥ I or - «such as
melt bl enh?%vdH% gg{)@ﬁéé@g#ﬁﬁ]ixgﬁng’ a{éﬁéﬁﬁﬁw ‘gﬂ%ﬁ :ﬂﬁe_ Fc{aﬁgérg%ﬁ%te Hﬁfﬂ%ﬁ?ﬁl Ing in
a series pRAGIOHewER, dp) dhécHinidd BirRds, ducll frled. redctopadnigupdtford @hdan

i nproved in-line nmethod of blending polyners, especially for an inproved

i n-1ine mepbrationf piesemtdi aqrupdherod practicalmpeoeess nd psodimt opalityrecontishoner
conposition, catalyst choice, and_catg]yst concentration 8ane8e

i ndependeptoblemsiucolq the close souPHing e Tgaetoky 1p e FasegdenOne of dhfg

step. There is_also ed, faor. a sinpli.fi nd . - ef f | r

o1 endi g Brast deBofnf affER S dn kamlBrap! PiRsTEE i€ SRt Ao DIERLAARY, o

| nvest meni, @R GPRARE! 109dEIPRdrScontitént BleRd! @iy POAMARIon: QuEH1icafionsd

bl endi ng process enploying parallel reactor trains for producing the

pol ynmer bhrse whepottenttdend - Eomponénte. hawe hdififerersc avenamer sontpdsiteors,

conponents in their solid state. . - 5 - )
particularly when they have different monomer pools, such as in the case of
blending different copolymers or in the case of blending homo- and copolymers.
Since the monomer streams are blended, there is no option for their separate
recovery and recycle mandating costly monomer separations in the monomer

recycle lines.

[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



SUMVARY [ 0008] Provided is a process for fluid-phase in-line blending of

pol ynmers. [0009] According to the present disclosure, an advant ageous
process fwo 2008/08k51me bl endi ng of pol ynmers conprises: (apcpruszoodionsp2¢ Wwo or
nore reactor trains configured in parallel and a high- pressure separator
downstream fluidly connected to the two4or nore reactor trains configured
in parallel; (b) contacting in the two or nore reactor trains configured in
parallel 1) ol efin nmononers having two or nore carbon atons 2) one or nore

catal yst systens, 3) optiqnal one or nore cqQnononers, 4) optional one or
mor e scavBifgEsastorapepcadecthy simadenssetile, rﬁ?F"gy?tn%Qqce&maUQHt ang  mppgmer

rai e coSPREGSLn AR ARsHIERAEt LOMRRAR hE olnenBaH rltfrRanhBEREPAC! o'
phase tr aﬂéju"sie‘arinﬁéﬁé]ﬁfeﬁil?r(ﬁ? th@top%rélig%%hﬁpcgtiﬂﬁs (putEEulalgofiBe MR RGlew t he

cl oud poi nt” pressure and less than , Is’inits dense fluid state,
and i s abof ¢the upstieain feaatort Bypanst of thisclbse mndiinkdérept emspling ofidpereiing at
| east one of the reactor trains includes _an ol efin ponoper that has three
or nore cEGEIBISS AR dhe reagkrs af the seriporiscade.Ahe iceﬁe&rsqné epited ag A igWast or

train conprises,th | ef | 0 noOROMEr ..CO i

ai uent op> prnd *dirfisf redh BRI i ARG O FRRB BBERE 1 Pt e

product, %@}Feeinﬂliﬁé‘ﬁl&ﬁ‘ﬁﬁé YifdthSd $h 8'Sehies réA%Sr ESHTARAtIOA AUTtiARABIY BAS One

or nore catalyst precursofs, one or nore activators, and optionally, one or

nmor e cat appeatlysiedpoed the ndmaber of blendopodactsnthae cambelmade sty stehra series chosen

fromZiegler Natta catal ysts, netall ocene catal ysts, nonnetall ocene

met al - cenfeactar, caneader angt akes therklcnd uaplitt difficylt to eontrgli ti on et al

catal ysts, and conbinations thereof; (c) formng a reactor effluent

i ncl udi ng nogeneoys. flui d ase_ pol ynmer - nonone ILxture in ea

paral | el [@é@or t %Rﬂj?'m(gdyar@ggrgfqﬂcﬁé}'st%é‘ PELEPTF %Fﬁ'ﬁ%‘ﬁ‘fan&ﬁ?ﬁrﬁegarqﬁ% t he

honbgeneo i h - Wﬁ% txtu eggh: p I act or

train to kb(s)rtfrlﬁl: Zﬁlge&?m. ngéﬁ%leég‘ta%lreng uenn ;léglege%gg({srgﬁgggﬁh%l %ﬁtﬁ(ﬁg?re?eact or

effluent bivndughapplyits 46ries ecsois. sTAalapasductionpflexibility is icreased,nali ng

and product-feed separation; (f) maintaining the tenperature and pressure

wi t hi n t hpatallgh-rpactes Lareangmentanocesaliaies thee instaliation wifdblending tveasads t i on

poi nt but , bel ow the clou oi nt pressure and tenperature to forma
thesosC oL s p e

fluid-flulMfreading 106f*i sing a polyner-rich bl end phase and a
nmononer-ri ch phase; and (g) separating the nononer-rich phase fromthe

pol ymer -r | | end ph asnNol Ve n 2 a

ronomer - 16 hace. A 36 BEFHErotcal Ebroed i $FaCeERRl Chrtthod of

rel ates tm fifle 8&&@&}@9@98@1)%&@%%@&6 {he- {ski&s RésvRetité® with RAE YedrSart
conprising: (a) providing two or nore reactor trains configured in parallel
and two omethods, sugih-asrmek hlendiagaofhitlnressdlution [bjeraingcand dn-imet $odutiom or
nore reactor trajins configured in parallel; contiacti ng in.the two or

b) |
mor e r eacblandinging serass egaios §onHgpeatian. eMoﬁ( P)étft@luikﬁ YroreRhs eXista fPnan t wo or

nore carbon_atons. 2) one or re catal syst . tJo Qr nore
T a2 M TR Bt sl R s bR R, Tor
inert dil Hﬁgt fefod T bIGRIINE "hSlyoWTRIsS| WheRe tRO! X¥5RIehéat iiMR, smdhemet or at
| east one of the reactor trains Configured in parallel is at a tenperature
above t hecemipositionyicdtatystsehdicgnand icatalyst nquacaniratéon atanabgrindependentdy | ower
than 10 MPa bel ow the cl oud point pressure and |ess than 1500 MPa, is in
its densecenigpldedimeach polymer seasier prier ¢¢ ithe blendingséemt Jheransi alsoi 2 cal
pressure, wherein at l.east qne of .the reagtor trains Lncludes lLefin
nononer t Hﬁ‘?‘f fksa § HPB]léﬁS& ang @ Sﬁ'ﬁf%ﬁﬁv%f’ 8 f}gr’lerv\klg PQ‘% ¥ %@egsof%@ra*g éﬁ? on
system fop,faeh o?‘??&éé%ﬁ stdpR! dhdCARRIsE G fteldNfvEdtiiehl aH WpRBltihg &8s fPERNONET
present, any inert diluent or inert solvent present, any scavenger present,
and t he paitggmatedopolymedr, protdacton anideblead migyprocssssempldying qracillelezactor trai n

conprises one or nore catal yst precursqQrs, one or nore activators, and

opt | onal | §Fainsndob, Piagugingarthey 80 haughMERd GRBPERSITE hib-DRE, dre- miRthaMt al yst
systens are i [ I net al | ocene cat al yst s,
nonneta||8%§ﬁ§8§§?%${€@h§§§gﬁ§’e@?@@é§§§%°ﬁ?§§%% catal ysts, late transition
netal catalysts, and conbinations thereof; (c) form ng an unreduced reactor
ef fl uent including a honogenous fluid phase



- 7 - polynmer-nmononer m xture in each parallel reactor train; (d) passing
t he unreduced reactor effluents fromone or nore but not fromall of the
par al | el weactsms2iimai ns t hrough one or nore hi gh- pressuPeTASP@EALINE ,

mai ntai ning the tenperature and pressure within the one or nore

hi gh-pressure separators above the solid-fluid phase transition point but
bel ow t he cl oud point pressure and tenperature to formone or nore
fluid-fluid two-phase systens with each two-phase system conprising a

polyner-esmﬁase and a nononer-rich phase, and separating the

nononer - r fromthe polyner-enriched phase in each of the one or
nore high sure § -rich
phases angm@j P?&Hﬁé@f@%@r&c‘%sé ?‘é‘rr?é‘g‘%ﬁsqulﬁ‘e)s‘ﬂ ngtr)ne or

nore pol yner - enr| ched phases fromthe one or nore high- pressure separators

of (d) wi [doddie ONA cebrdiRg o tHY ﬁ%&ﬁ%é@@@ﬁ&r a&ﬁ&bé&ﬁﬁé@oﬁsﬁﬁﬁbéﬁ%@o@ﬁn—mre
paral | el reactor trains to forma m xture of one or nbre pol yner-enriched

phases antint idermiieg of pohymeers woathrised: (2 gprovidind fwoennsrereastohtramise or nore
parall el reactor trains to forma conbi ned effl uent strearHuéhat conpri ses
the pol ynEPRkigwnedin pas}sd ABdashigho RIGSSHreseparater dowast¢am ¢ (0 passing

t he conbi e | .9 ' S/RUr rat or
for pr odugﬁg%ﬁci%hgl AL A e G

t enper at Uir?tlﬁ:'ch%leﬁr%‘r'é Feabtdrtrding Q@nﬁ%ﬁfe'@leih pairsie 1) &18Hh hSRRAERL O of (f)
above the solid-fluid phase transition point but bélow the cloud point
pressur e havingawesiahorecirboh atoma 2f) lonk dr frhoieccatalystdyateen s 39 toptaonahpr i si ng
a polynmer-rich blend phase and a m)nomer-r| ch phase; and (h) separating the
nononer - r PEA Op e COMMOMEIS ) OPRON 0BR 5 NBerE %ﬁ&%‘tgqr%@é‘r %Pttﬁﬂa}mer

bl end and a separat.ed noner 011] hes and r. features
and att 11 BOF Q€ TGRConer BRBENGssdne sBRERE wsremhe R ARGAB S ol yrer <
and their f&datqeés@eﬁe%?tﬁeféacﬁﬁttmn§ caﬁﬂgefedqﬁqﬁrméms Bea atRpERRIref rom t he
detailed description that tollows, partfcularl’y when read i'h conjunction
with the abgus the sapidefidiecphase ¢tansition @mpeBituEds; alDEwsB‘fe bl 1eWei tiianORAW NGS
[0012] To assist those of ordinary skill in the relevant art in nmeking and
usi ng MPa below the cloud point pressure and less than 1500 MPa, is in its dense ﬂu1d

state, and is above its critical temperature and critical pressure, 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

comprises the olefin monomers, any comonomer present, any inert diluent or

inert solvent present, any scavenger present, and the polymer product, 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;

wherein the one or more catalyst systems are chosen from Ziegler Natta

catalysts, metallocene catalysts, nonmetallocene metal-centered, heteroaryl

ligand catalysts, late transition metal catalysts, and combinations thereof; (c)

forming a reactor effluent including a homogeneous fluid phase polymer-

monomer mixture in each parallel reactor train; (d) combining the reactor

effluent comprising the homogeneous fluid phase polymer-monomer mixture

from each parallel reactor train to form a combined reactor effluent; () passing

the combined reactor effluent through the high-pressure separator for product



the subject matter hereof, reference is nmade to the appended draw ngs,
wherein: [0013]FIG 1 presents the process for the production of polyner
bl ends i rwa 2besm8silage series reactor configuration (pri ®@CTASR)07/0p3A4] FI G
2 presents the effect of polynerization tenperature on the nol ecul ar wei ght
and nelting point of polypropylene madegin supercritical polypropylene
medi um usi ng MAO activated 01-di net hyl si'l y1Thi s(2-net hyl - 4-
phenyl i ndenyQzi rconi um di chloride (Q Zr-MAO catal yst at 207 MPa (30 kpsi);
[ 0015] FI Gb 3 presents waﬁ‘—eéj; ect of polynerization pressure on the

r

ol EC:J| a lﬁélidg}ﬁ a%ar ?ﬁ_ﬂaﬁ%tl ;(bdpyg}tgﬁy}gﬁ . ltﬁg@g.rqtﬁrg foritical
Ponyl + naBrgrr Bl e ik RFbSLAL Schafbt e B Sigthudd s gkl

[ 0016] FI Gpotht BuE bEIok+ tHe@loBd pefiit prEsstk@ Rid EstBp&ratite it iferim iaflbidefluid
pol ynmeri zati on of propyl ene using MAG activated O -di net hyl sil yCbi s(2-

met hyl - 4- phesphias e sgstgrBaionpnisingradh ol piner-ribh {lEad phaskndia mi@d®nerarich 69 and
138 MPa (10 or 20 kpsi, respectively); . )
phase; and (g) separating the monomer-rich phase from the polymer-rich blend

phase to form a polymer blend and a separated monomer-rich phase.

[0010] A further aspect of the present disclosure relates to an advantageous
process for in-line blending of polymers comprising: (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 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 inert diluents or inert solvents, wherein the polymerization
system for at least one of the reactor trains configured in parallel is at a
temperature above the solid-fluid phase transition temperature, at a pressure no
lower than 10 MPa below the cloud point pressure and less than 1500 MPa, is in
its dense fluid state, and is above its critical temperature and critical pressure,
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 comprises the olefin monomers, any comonomer present, any inert diluent
or inert solvent present, any scavenger present, and the polymer product,
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;
wherein the one or more catalyst systems are chosen from Ziegler Natta
catalysts, metallocene catalysts, nonmetallocene metal-centered, heteroaryl
ligand catalysts, late transition metal catalysts, and combinations thereof; (c)

forming an unreduced reactor effluent including a homogenous fluid phase



NFIG 5 presents the effect of tenperature on the activity of MAG
activated (ji-dinmethylsilyl)bis(2-nethyl-4-phenylindenyDzirconium

di chl ori d&0o(2@sAr823MMO) catal yst in the pol yneri zati on of pempseariotiseal
propyl ene; [0018]FIG 6 presents an exenplary in-line polyner blending
process schematic with a single separatinon vessel; - 9 - [0020]FIG 8
presents an exenplary in-line polyner blending process schematic with
product effluent buffer tanks for inproved blend ratio control; [0021]FI G

9 present %0 yr}neer)frenrgr)lg?nre){' imr};(ltuirgeirP Oeleaycgerpalba{lfeqd}e%%t&r ?rca?g;s (d) passing the
unreduced reactor effluents from one or more but not from all of the parallel
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 one or more fluid-fluid two-phase systems 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 phaseé ‘and one or more polymer-enriched phases; (e) 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 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
blending and product-feed separation; (g) maintaining the temperature and
pressure within the another high pressure separator of (f) 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; and (h) separating the monomer-rich phase from the
polymer-rich blend phase to form a polymer blend and a separated monomer-

rich phase.

[0011] These and other features and attributes of the disclosed processes
for in-line blending of polymers and their advantageous applications and/or uses
will be apparent from the detailed description that follows, particularly when

read in conjunction with the figures appended hereto.



schematic wth product effluent buffer tanks that also serve as
nmonomner / product separators for inproved blend ratio control; [0022]FIG 10
present s W0 2008a8pdiary i n-1ine polynmer bl ending process ®charsatrm23se h one
slurry reactor train. [0023]FIG 11 presents an exenplary in-line polyner
bl endi ng process schematic w th buffer ftganks for inproved blend ratio
control and with thé option for additive/polynmer blending conponent;

[0024] FIG 12 depicts that turnover frequency is independent of catalyst
concentration suggesting first kinetic order for catalyst in supercritical

propyl ene_pol ynerization with MAO activated
(v- di met h&iﬁh@.ﬁ&%ﬂ@lﬁmﬂmwmsywl rconi um di chl ori de
Z =130 t d 6 10 0 { |
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the subject matter hereof, reference is made to the appended drawings, wherein:

[0013] FIG. 1 presents the process for the production of polymer blends in

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

[0014] FIG. 2 presents the effect of polymerization temperature on the
molecular weight and melting point of polypropylene made in supercritical
polypropylene medium using MAO-activated (p-dimethylsilyl)bis(2-methyl-4-
phenylindenyl)zirconium dichloride (Q-Zr-MAO) catalyst at 207 MPa (30 kpsi);

[0015] FIG. 3 presents the effect of polymerization pressure on the
molecular weight and melting point of polypropylene made in supercritical
propylene medium using MAO-activated (u-dimethylsilyl)bis(2-methyl-4-
phenylindenyl)zirconium dichloride (Q-Zr-MAO) catalyst at 120 and 130 °C;

[0016] FIG. 4 presents the effect of propylene conversion in the
polymerization of propylene using MAO-activated (p-dimethylsilyl)bis(2-
methyl-4-phenylindenyl)zirconium dichloride (Q-Zr-MAO) at 130 °C and 69
and 138 MPa (10 or 20 kpsi, respectively);

[0017] FIG. 5 presents the effect of temperature on the activity of MAO-
activated (p-dimethylsilyl)bis(2-methyl-4-phenylindenyl)zirconium dichloride
(Q-Zr-MAO) catalyst in the polymerization of supercritical propylene;

[0018] FIG. 6 presents an exemplary in-line polymer blending process

schematic with a single separation vessel,

[0019] FIG. 7 presents an exemplary in-line polymer blending process

schematic with multiple separation vessels;



[ 0026] FIG 14 presents cloud point isotherns for Polyner PP 45379 dissol ved
i n bul k propyl ene; [0027]FIG 15 presents cloud point isotherns for Polyner
PP 4062 dwe=oéswselsiin bul k propyl ene; - 10 - [0029] FI G PLT/yse@s@nis30 cl oud
poi nt isothernms for Polymer PP 45379 dissolved in bul k propyl ene;

[0030] FIG 18 presents cloud point isotgerns for Polyner PP 4062

[0020] FIG. 8 presents an exemplary in-line polymer blending process

schematic with product effluent buffer tanks for improved blend ratio control;

[0021] FIG. 9 presents an exemplary in-line polymer blending process
schematic with product effluent buffer tanks that also serve as monomer/product

separators for improved blend ratio control;

[0022] FIG. 10 presents an exemplary in-line polymer blending process

schematic with one slurry reactor train.

[0023] FIG. 11 presents an exemplary in-line polymer blending process
schematic with buffer tanks for improved blend ratio control and with the option

for additive/polymer blending component;

[0024] FIG. 12 depicts that turnover frequency is independent of catalyst
concentration suggesting first kinetic order for catalyst in supercritical propylene
polymerization  with  MAO-activated  (p-dimethylsilyl)bis(2-methyl-4-
phenylindenyl)zirconium dichloride (Q-Zr-MAO) at 120-130 °C and 69 and 138
MPa (10 or 20 kpsi, respectively);

[0025] FIG. 13 presents cloud point isotherms for Polymer Achieve™
1635;

[0026] FIG. 14 presents cloud point isotherms for Polymer PP 45379
dissolved in bulk propylene;

[0027] FIG. 15 presents cloud point isotherms for Polymer PP 4062
dissolved in bulk propylene;

[0028] FIG. 16 presents cloud point isotherms for Polymer Achieve™
1635 dissolved in bulk propylene;



di ssolved in bul k propylene; [0031]FIG 19 presents a conparison of

| sopl eths for PP 45379, AchieveTM 1635, and PP 4062 di ssol ved in bulk
propyl eneyo[203B82#1 G 20 presents a conpari son of isopl eCcharstar/o2gske eveTM
1635 and literature data as described in J. Viadimr Oiveira, C Dariva
and J. C Pinto, Ind. Eng, Chem Res. 2f_2000, 4627, [0033]FIG 21
presents a conparison of isopleths for PP 45379 and |iterature data as
described in J. Mladimr Qiveira, C. Dariva and J. C. Pinto, Ind. Eng,
Chem Res. 29 (2000), 4627; [0034]FI G 22 presents a conparison of

i sopleths for PP 4062 and Ilterature dat.a as descri in J.
Qi veira, [A929%%ar i v&1&ndl7 . presenss nglgud| peint psef e@%érﬁ%r% }%085?/%627

dissolved in bulk propylene;

[0030] FIG. 18 presents cloud point isotherms for Polymer PP 4062
dissolved in bulk propylene;

[0031] FIG. 19 presents a comparison of isopleths for PP 45379,
Achieve™ 1635, and PP 4062 dissolved in bulk propylene;

[0032] FIG. 20 presents a comparison of isopleths for Achieve™ 1635 and
literature data as described in J. Vladimir Oliveira, C. Dariva and J. C. Pinto,

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

- [0033] FIG. 21 presents a comparison of isopleths for PP 45379 and
literature data as described in J. Vladimir Oliveira, C. Dariva and J. C. Pinto,

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

[0034] FIG. 22 presents a comparison of isopleths for PP 4062 and
literature data as described in J. Vladimir Oliveira, C. Dariva and J. C. Pinto,

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

[0035] FIG. 23 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);

[0036] FIG. 24 presents a comparison of the density of supercritical
propylene at 137.7 °C with liquid propylene at 54.4 °C;

[0037] FIG. 25 presents an operating regime in accordance with the

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



[ 0035] FI G 23 presents a basic phase diagramfor m xture of propyl ene
nmononmer with sel ected polyners (isotactic pol ypropylene - i PP, syndiotactic
pol ypr opyWwereos/ 0821, at acti c pol ypropyl ene - aPP, or prepylusee7otisg ene
copolynmer); [0036] FIG 24 presents a conparison of the density of
supercritical propylene at 137.7 CwithJiquid propylene at 54.4 C; WO
2008/ 082511PCT/ US2007/ 025820 [0038] FI G 26 presents an operating regine in
accordance with the process disclosed herein for a reactor operating in a
i quid-liquid phase; and [0039] FIG 27 presents an operating regine in
accordance with the . .

[0038] FIG. 26 presents an operating regime in accordance with the

process disclosed herein for a reactor operating in a liquid-liquid phase; and

[0039] FIG. 27 presents an operating regime in accordance with the

process disclosed herein for a gravity separator.

DEFINITIONS
[0040] For the purposes of this invention and the claims thereto:
[0041] A catalyst system is defined to be the combination of one or more

catalyst precursor compounds and one or more activators. Any part of the
catalyst system can be optionally supported on solid particles, in which case the

support is also part of the catalyst system.

[0042] Dense fluids are defined as fluid media in their liquid or

supercritical state with densities greater than 300 kg/m”.

[0043] 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.

[0044] Solid-fluid phase transition pressure is defined as the pressure at

which a solid polymer phase separates from the polymer-containing fluid



process disclosed herein for a gravity separator. DEFIN TIONS [0040] For
the purposes of this invention and the clains thereto: [0041] A catal yst
syst em i swoebhismsesiio be the conbi nati on of one or nore earalsga/opssecur sor
conpounds and one or nore activators. Any part of the catal yst system can
be optionally supported on solid partipi%z, I n which case the support is

al so part of the catalyst system [0042 nse fluids are defined as fluid
media in their liquid or supercritical state with densities greater than
300 kg/ mB8. [0Q043]Soljd-fluid phase_transitjon fenperatyre is defined as the
t enper at uFEdm 3H;iagiven dempgratre, nEhe ﬁ&&i‘d"é‘g nggggnqmgmwéure Can be

pol yner-c LAl | Ui i ' 1 [ d=f1uid
Phase t r adeiepniiétfd BRSSyis 1aRefTBE ot Eoitoft GhbEfubiERatid, nofifpliudts |
starting hf QRiSIETRE PRIMHES iATullidisiol ViRl RP ke Buid Feddtidny niddasal vAad the the
dense fluid reaction nedium At the onset of the formation of a solid

pol ymer pbasat,oftthe fonnatiem ebasolidyiadymed phase ¢loe hesoganeous, flvidi medisam be

observed by eye or can be detected by ining a |aser throygh the, nedi um
and det ecbw@n@wrbuﬁd@ﬁwhma%@ BFIVE it CXec At Can| gd%cteﬁgqyr SHBIE & 4.

Eﬂzggbgn 216 i'el\'/ | ofigh the RRGhYA a%'adde‘Jtecu%g fRlefudden Mkre s l%}‘r:trgca{%@ﬁng as

described in J. Vladimir Oliveira, C. Dariva and J. C. Pinto, Ind. Eng, Chem.
Res. 29 (2000) 4627.

[0045] The cloud point is defined as the pressure below which, at a given
temperature, the polymer-containing homogeneous fluid medium becomes turbid
upon pressure reduction at constant temperature as described in J. Vladimir
Oliveira, C. Dariva and J. C. Pinto, Ind. Eng, Chem. Res. 29 (2000) 4627. For
purposes of this invention and the claims thereto, the cloud point is measured by
shining a helium laser through the selected polymerization system in a cloud
point cell onto a photocell and recording the pressure at the onset of rapid

increase in light scattering for a given temperature.

[0046] A higher a-olefin is defined as an a-olefin having 4 or more carbon
atoms.
[0047] Polymerization encompasses any polymerization reaction such as

homopolymerization and copolymerization.

[0048] Copolymerization encompasses any polymerization reaction of two

or morc monomers.

[0049] The new numbering scheme for the Periodic Table Groups is used

as published in CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).
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[0053] A series reactor cascade (also referred to as series reactor
configuration) includes two or more reactors connected in series, in which the
effluent of an upstream reactor is fed to the next reactor downstream in the
reactor cascade. Besides the effluent of the upstream reactor(s), the feed of any
reactor can be augmented with any combination of additional monomer, catalyst,

scavenger, or solvent fresh or recycled feed streams.

[0054] Reactor train or reactor branch or reactor leg refers to a single
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 reator in a reactor train may, for example, arise when an in-line blend
component cannot be produced at the desired rate economically in a single
reactor but there could be also reasons related to blend component quality, such
as molecular weight or composition distribution, etc. Since a reactor train can
comprise multiple reactors and/or reactor zones in series, the single blend
component produced in a reactor train may itself be a polymer blend of
polymeric components with varying molecular weights and/or compositions.
However, in order to simplify the description of different embodiments of the in-

line blending processes disclosed herein, the polymeric product of a reactor train

re.@i 0046] A higher a-olefin is defined as an _a-olefin having 4
Joms. A Opalypres| ymelefingdi th bencompesitéionsabavp yiteorz B1aren

or



[ 0048] Copol yneri zati on enconpasses any pol ynerization reaction of two or
nore nononers. [0049] The new nunbering schenme for the Periodic Table G oups
I s used awopuddassdied i n CHEM CAL AND ENG NEERI NG NEWS, ®81A)S2002/024819@85) . -
13 - [0050] When a polyner is referred to as conprising an olefin, the
olefin present in the polyner is the pojgnerized formof the olefin.

[ 0051] An oligoner is defined to be conpositions having 2-75 nononer

is referred to simply as blend component or polymeric blend component
regardless of its molecular weight and/or compositional dispersion. For the
purpose of defining the process of the present invention, parallel reactors will be
always considered as separate reactor trains even if they produce essentially the
- same in-line blend component. Also, spatially separated, parallel reaction zones
that do not exchange or mix reaction mixtures by, for example, pump-around
loops, or by other recirculatioh methods, will be considered as separate parallel

reactor trains even when those parallel zones are present in a common shell and

fall within the in-line blending process disclosed herein.

[0055] Reactor bank refers to the combination of all polymerization
reactors in the polymerization section of the in-line polymer blending process

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

[0056] A parallel reactor configuration includes two or more reactors or
reactor trains connected in parallel. A reactor train, branch, or leg of the parallel
configuration may include one reactor or more than one reactor configured in a
series configuration.  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.

[0057] 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.

[0058] Polymerization system is defined to be the monomer(s) plus
comonomer(s) plus polymer(s) plus optional inert solvent(s)/diluent(s) plus
optional scavenger(s). Note that for the sake of convenience and clarity, the
catalyst system is always addressed separately in the present discussion from

other components present in a polymerization reactor. In this regard, the



units. [0052] A polymer is defined to be conpositions having 76 or nore
nmononmer units. [0053] A series reactor cascade (also referred to as series
react or cwof2oguns2ailiion) includes two or nore reactors comrogaSea7ionssseri es,
in which the effluent of an upstreamreactor is fed to the next reactor
downstreamin the reactor cascade. Besjges the effluent of the upstream
reactor(s), the feed of any reactor can be augnented with any conbi nation
of additional nononer, catalyst, scavenger, or solvent fresh or recycled

feed streanp. [0054] Reactor.train or reactor branch or reactor,leq refers
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train. The need for having nore than one reator in a reactor train may, for
exanpl e, polyseengationareactor] amd ip| ish¢fBuesolsecempasttbof vhe malpmesizatent he
desired rate ecqno ically in single reactor but there could be al so
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reasons r&YH¢WP At Bnt quality, such as nol ecul ar wei ght or
conposition distribution, etc. Since a reactor train can conprise nmultiple

A R IR R
conponent gitiéd B NBEHLBE, B Qpekitiodi dhteS depending CONRREL itb@PeratiieaNgr , N
order to sinmplify the déscription of different embodiments of the in-line
bl endi ng pressesseTodiesinl tizeshipfeecriicnl stite, poupstance nprstdhave aofenzpareBire or
train - %go{/e its critical temperature (Tc) and a pressure above its critical pressure (Pc).
Mixtures of hydrocarbons, including mixtures of monomers, polymers, and
optionally inert solvents, have pseudo-critical temperatures (Tc) and
pseudo-critical pressures (Pc), which for many systems can be approximated by
mole-fraction-weighted averages of the corresponding critical properties (Tc or
Pc) of the mixture’s components. Mixtures with a temperature above their
pseudo-critical temperature and a pressure above their pseudo-critical pressure
will be said to be in a supercritical state or phase, and the thermodynamic
behavior of supercritical mixtures will be analogous to supercritical pure
substances. For purposes of this invention, the critical temperatures (Tc¢) and
critical pressures (Pc) of certain pure substances relevant to the current invention
are those that found in the Handbook of Chemistry and Physics, David R. Lide,
Editor-in-Chief, 82nd edition 2001-2002, CRC Press, LLC. New York, 2001. In

particular, the Tc and Pc of selected substances are:



Is referred to sinply as bl end conponent or polyneric bl end conponent
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conmonomer 33.20Kus0pCL ynmer (s) plus optional inert solvent(s)/diluent(s) plus
optional scavenger(s). Note that for the sake of convenience and clarity,

t he cat al 80603y st enihiesfadlomeing abdaeeations aspasat:dVig is methy ] pPlkde phenyl,

di scussion from other conponents, present in .a pol y[nari zation reactQr. In
this regaFds etyl, Pris propyl, iPr 1s isopropyl, n-Pr is normal propyl, Bu 1s 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.

[0061] By continuous is meant a system that operates (or is intended to
operate) without interruption or cessation. For example a continuous process to
produce a polymer would be one where the reactants are continually introduced

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

[0062] Slurry polymerization refers to a polymerization process in which
particulate, solid polymer (e.g., granular) forms in a dense fluid or in a
liquid/vapor polymerization medium. The dense fluid polymerization medium
can form a single or two fluid phases, such as liquid, supercritical fluid, or
liquid/liquid, or supercritical fluid/supercritical fluid, polymerization medium.
In a liquid/vapor polymerization medium, the polymer resides in the liquid
(dense) phase. Slurry polymerization processes typically employ heterogeneous
catalyst particles, such as Ziegler-Natta catalysts or supported metallocene

catalysts, and the like. The solid polymeric product typically adheres to the



- 15 - polynerization systemis defined here narrower than customary in the
art of polynerization that typically considers the catal yst systemas part
of the povgrmos/saiiion system In the current definitionpCrhis2on7orisee
present in the polynerization reactor and in its effluent is conposed of
the polymerization systemplus the catalyst system [0059]Pure substances,

i ncluding all types of hydrocarbons, can exist in either a subcritical, or
supercritical state, depending on their tenperature and pressure. To be in

the supercgritical state, a sybstance nust have a tenpgerature abo its
critical f‘ﬁtﬁ’ﬁ%%eﬁ% Céﬁ’éllysé piticlss, thug, dommings ac ]i“ﬁycéqhaﬁ?'esgjh’y( Pc) .
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temperature, thus solution polymerizations are performed below the supercritical

temperature and pressure.

[0064] Supercritical polymerization refers to a polymerization process in
which the polymerization system is in its dense supercritical or pseudo-

supercritical state.

[0065] Bulk polymerization refers to a polymerization process in which the
dense fluid polymerization system contains less than 40 wt %, or less than 30 wt
%, or less than 20 wt %, or less than 10 wt %, or less than 5 wt %, or less than 1
wt % of inert solvent. Inert solvents are charaterized by their lack of
incorporation into the product polymer chain. In the production of polyolefins,
solvents are typically hydrocarbons comprising 4 to 20 carbon atoms,
advantageously 5 to 10, or 5 to 8 carbon atoms. Note that the polymerization
system may also contain inert diluents that do not incorporate into the product
polymer chain. They are typically introduced as impurities present in the
monomer feeds. For the purpose of the current disclosure, the inert diluents are
considered separately from the inert solvents, the latter of which are added
intentionally for their ability to keep the polymeric products in their dissolved

state.
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[0066] 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 ﬂui.d phase. Apparently, a
polymerization system is not homogeneous when it is partitioned to more thah
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 (liquid or

supercritical fluid) region in its phase diagram.

[0067] The product polymer may be dissolved in the dense fluid
polymerization system or may form a solid phase. In this terminology, slurr\).;
polymerization, in which solid polymer particulates form in a dense fluid
polymerization system containing less than 40 wt %, or less than 30 wt %, or
less than 20 wt %, or less than 10 wt %, or less than 5 wt %, or less than 1 wt %
of inert solvent, will be referred to as a bulk slurry polymerization process or
bulk heterogeneous polymerization process. The polymerization process in
which the polymeric product is dissolved in a single-phase dense fluid
polymerization system containing less than 40 wt %, or less than 30 wt %, or
less than 20 wt %, or less than 10 wt %, or less than 5 wt %, or less than 1 wt %
of inert solvent will be referred to as bulk homogeneous polymerization process.
The polymerization process in which the polymeric product is dissolved in a

single-phase liquid polymerization system containing less than 40 wt %, or less
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than 30 wt %, or less than 20 wt % or less than 10 wt %, or less than 5 wt %, or
less than 1 wt % of inert solvent will be referred to as bulk solution
polymerization process. The polymerization process in which the polymeric
product is dissolved in a supercritical polymerization system containing less than
40 wt %, or less than 30 wt %, or less than 20 wt %, or less than 10 wt %, or less
than 5 wt %, or less than 1 wt % of inert solvent will be referred to as bulk

homogeneous supercritical polymerization process.

[0068] Homogeneous  supercritical  polymerization refers to a
polymerization process in which the polymer is dissolved in a single-phase
dense supercritical fluid polymerization medium, such as an inert solvent or
monomer or their blends in their supercritical or pseudo-supercritical state. As
described above, when the supercritical fluid polymerization system contains
less than 40 wt %, or less than 30 wt %, or less than 20 wt %, or less than 10 wt
%, or less than 5 wt %, or less than 1 wt % of inert solvent and the polymer is
dissolved in the dense supercritical fluid, the process is referred to as a bulk
homogeneous supercritical polymerization process. Homogeneous supercritical
polymerization should be distinguished from heterogeneous supercritical
polymerizations, such as for example, supercritical slurry processes, the latter of
which are performed in supercritical fluids but form solid polymers (particulates
or precipitated polymeric solids) in the polymerization reactor. Similarly, bulk
homogeneous supercrifical 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.

[0069] 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
homogeneous supercritical conditions. Although in-line blending processes

typically employ polymerization trains using homogeneous polymerization
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systems, one or more of the polymerization trains may also employ slurry
polymerization systems, particularly bulk slurry polymerizaton systems. When
the polymerization reactor bank includes one or more slurry polymerization
trains, the effluents of those slurry trains are always heated to dissolve the
polymer and are optionally pressurized before mixing them with the effluents of

other trains to enable fluid-phase mixing.

[0070] In-line polymer blend or in-line blend disclosed herein refers to a
mixture of two or more polyméric components, at least one of which is produced
under homogeneous supercritical polymerization conditions. The polymeric
components are produced internally in the in-line blending process and are
mixed in the same process without recovering them in their solid state.
Optionally, the in-line blends may also contain additives produced outside the
invention process, such as plasticizers, UV stabilizers, antioxidants, etc., and off-
line polymeric additives/modifiers in minor amounts, i.e., less than 50%, or less
than 40%, or less than 30%, or less than 20%, or less than 10%, or less than 5%,

or less than 1% by weight.

DETAILED DESCRIPTION

[0071] Disclosed herein are novel in-line processes for blending polymers

in polymerization processes in which at least one of the reactor trains operates
with a dense homogeneous fluid polymerization system and the polymerization
system in at least one of the polymerization reactor trains includes an olefin
monomer that has three or more carbon atoms. In one forrn, the processes
include providing two or more reactor trains configured in parallel; contacting
olefin monomer(s) with catalyst systems, optional comonomer(s), optional
scavenger(s), and optional inert diluent(s) or inert solvent(s), wherein the
polymerization system for at least one of the reactor trains configured in parallel
is at a temperature above the solid-fluid phase transition temperature, at a

pressure no lower than 10 MPa below the cloud point pressure and less than
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1500 MPa, particularly between 10 and 300 MPa, advantageously between 20
and 250 MPa, is in its dense fluid state, and is above its critical temperature and
critical pressure, and comprises the monomer, any comonomer(s), any
scavenger(s), any inert diluent(s) or inert solvent(s) present, and the polymer
product and where the catalyst system comprises catalyst precursor
compound(s), activator(s), and optional support(s); forming a reactor effluent
stream in each parallel reactor train of the reactor bank of the process each said
stream comprising the polymer blend component dissolved in the effluent dense
fluid polymerization system; combining the reactor effluent containing the
dissolved blend component from each parallel reactor train upstream of or in a
separation-blending vessel that simultaneously provides blending of the in-line
blend components and separation of the monomer(s) from the product polymers;
bringing the combined reactor effluent streams upstream of or in the separator-
blender below the cloud point of the mixture while maintaining said mixed
streams above the solid-fluid phase transition point by adjusting the temperature
and pressure of the effluent streams individually (i.e., before the mixing point),
or combined (i.e., after the mixing point); when the reactor effluents are
combined upstream of the separator-blender, optionally passing the mixed
reactor effluent streams through one or more static mixers before entering the
said separator-blender to enhance mixing; maintaining the pressure within the
separator-blending vessel below the cloud point pressure to form two fluid
phases comprising a polymer-rich fluid phase and a monomer-rich fluid phase;
maintaining the temperature in the separator-blender above the solid-fluid phase
transition temperature; in the separator-blender allowing the settling to the
bottom and the formation of a continuous layer at the bottom of a denser well-
mixed fluid polymer-rich blend phase and allowing the rising to the top and the
formation of a continuous layer of a lower-density monomer-rich phase at the
top; separating a first monomer-rich phase from a first polymer-rich blend phase

and recycling the separated first monomer-rich phase directly or after further
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treatment to the polymerization trains; optionally, further reducing the pressure
of the said first polymer-rich blend phase upstream of or in a low-pressure
separator to achieve a second fluid-fluid separation into a second, more
concentrated polymer-rich fluid phase and a second monomer-rich phase while
maintaining the temperature above the solid-fluid phase transition temperature
by optionally further heating the first polymer rich blend stream; optionally,
adding catalyst killer(s), and/or polymer modifyer(s) and/or additive(s) in their
dense fluid state (i.e., liquid, supercritical fluid, molten, or dissolved state) to the
polymer-containing effluent stream(s) at any desired point downstream of the
first pressure letdown valves in any of the individual or combined effluent
streams of the reactor trains in the reactor bank of the disclosed processes. The
polymer-rich phase from the separator section of the invention process is then
conveyed to a downstream finishing stage for further monomer stripping, drying
and/or pelletizing to form the polymer blend product of the in-line blending

process.

[0072] In essence, the in-line blending processes disclosed herein comprise
a polymerization section and at least one monomer-polymer separator vessel,
called the separator-blending vessel, or separator blender, or high-pressure
separator. The separator-blending-vessel serves as both a separator and a
blender for the polymer-containing reactor effluents of the two or more parallel
reactor trains in the reactor bank in which at least one of the reactor trains
employs a dense homogeneous fluid polymerization system (i.e., defined as a
homogeneous supercritical or a solution polymerization process). It is also
beneficial to the proper operation of the in-line blending processes disclosed
herein to bring the polymerization system in each reactor train effluent into a
homogeneous state upstream of the separator-blending vessel. Therefore, when
one or more in-line blending components is/are produced in a particle-forming

polymerization process, such as, for example bulk propylene slurry
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polymerization with Ziegler-Natta or supported metallocene catalysts, the so-
produced solid polymer pellets need to be homogeneously dissolved in the
reactor effluent before entering the separator-blending vessel. This can be
accomplished by, for example, pumping the reactor effluent slurry into a higher-
temperature/higher-pressure dissolution zone that brings the reactor effluent
above the solid-fluid phase transition temperature creating a stream in which the
reaction product is homogeneously dissolved.  Although any and all
combinations of reactor operation modes may be included in the in-line blending
processes disclosed herein, it is advantageous that at least one reactor train
operates in a homogeneous fluid phase and more advantageous if all reactors
operate in the homogenous fluid phase for economic and process simplicity
reasons. Bulk homogeneous fluid phase polymerizations, especially bulk
homogeneous supercritical polymerization or a combination of bulk
homogeneous supercritical and bulk solution polymerizations are particularly

advantageous.

[0073] The methods of fluid phase in-line polymer blending disclosed
herein offer significant advantages relative to prior art methods of blending
polymers. One or more of the advantages of the dislosed method of in-line
polymer blending include, but are not limited to, improved polymer blend
homogeneity because of molecular-level mixing of blend components, improved
cost of manufacture 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 mononomers and, optionally, inert
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
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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
cost by utilizing the monomer-polymer separator(s) for product blending and, in

some embodiments, for product buffering to allow better control of blend ratio.

In-line Blending Process Overview:

[0074] Polyolefins are used in a large number of different applications.
Each of these applications requires a different balance between the stiffness,
elasticity, and toughness of the polymer. Ideally, polymers would be custom-
tailored to the different needs of each customer. One of the methods enabling
product tailoring involves the blending of individual polymer components. The
ability to adjust the stiffness-elasticity-toughness balance of polyolefins provides
for the ability to meet the needs of a broad range of applications and thus to
expand the potential of polyolefins in delivering desired performance at reduced
cost. The stiffness-elasticity-toughness balance may be altered by changing the
molecular structure of polymers by changing their composition (i.e. making
copolymers), stereoregularity, molecular weight, etc. The stiffnesselasticity-
toughness may also be readily shifted by making blends of polymers or by
producing composites. The in-line blending processes disclosed herein relate to
making polymer blends. In-line blending processes have many economic and
product quality advantages. For example, they save the cost of off-line solution
or melt-blending of separately produced polymers recovered in their essentially
neat form, and afford highly homogeneous and intimately mixed polymer

blends.

[0075] It has now been surprisingly found that supercritical polymerization
systems comprising propylene, particularly bulk supercritical polymerization
systems comprising propylene, are particularly advantageous for such in-line

blending of polymers because they afford high molecular weight, and (with
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and polymer-rich phases in the monomer-polymer high-pressure separator. The
advantages of these surprising attributes will be demonstrated in some of the

embodiments disclosed herein.

[0076] Thus, disclosed herein are advantageous processes for 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, or as separator-blender).
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 components, such as monomers and optional inert solvents
of the polymerization system reduce 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 dissolved fluid state may be

advantageous to downstream blending operations.

[0077] The polymerization reactors advantageously may be of the
homogeneous supercritical process, or a combination homogeneous and solution
process type in order to provide the precursor polymer for blending in a
dissolved fluid state in the direct reactor effluents suitable for in-line blending
without further processing. Bulk homogeneous polymerization processes are
particularly useful for producing blend components due to the simplicity of the

monomer recycle loop and due to the enhancements in reactor productivity and
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In order to facilitate the dissolution of the polymer pellets, increased shearing
may be applied, which typically is provided by stirring or by pumping. Because
of the added processing and investment costs of such reactor operations,
homogeneous polymerization processes, such as homogeneous supercritical or
solution polymerization, are typically cost-advantaged and thus advantageous to

produce the in-line polymer blending components.

[0078] The in-line blending process for polymers disclosed herein requires
an upstream polymerization process that provides two or more of the polymers
in a homogeneous fluid state. Therefore, if the polymerization reaction is carried
out at conditions that form particles, such as, for example, slurry polymerization,
an additional step is required to bring the in-line polymer blending component
into a dissolved fluid state before feeding the polymer-containing stream to the
separator-blender section of the invention process (see FIG. 10). This can be
accomplished by, for example, heating the reactor effluent above the solid-liquid
phase transition temperature. However, for simpler and thus lower cost
operations, ‘the polymerization reaction is typically carried out at conditions
where the product polymer(s) is/are dissolved in the dense fluid polymerization

system comprising one or more monomers, the polymeric product(s), and -
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solvent(s), while the lower one is a polymer-rich phase. In order to create the
conditions that lead to the formation of two fluid phases in the separator-blender,
the temperatures of the reactor effluents are often first increased to provide the
heat for staying above the solid-fluid phase transition temperature of the to-be-
formed polymer-rich fluid phase. After adjusting the heat contents of the reactor
effluents, their pressures are typically reduced to bring the temperature and
pressure of the combined effluent stream to a condition that corresponds to two
fluid (liquid-liquid or supercritical fluid-supercritical fluid) phases in the phase
diagram. The blending process may be aided by optional static mixer(s)
downstream of the mixing point of the polymer-containing effluents but

upstream of the separator-blending vessel. The homogeneous fluid blending of

the individual polymer components and the separation of the monomer- and
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wei ght. appropriate reactor trains of the reactor bank. The polymer-enriched streams
from each of these single-stream separators are blended in one of a separator
vessels that serves both as a separator for one of the reactor trains and as a
blender for the entire reactor bank (separator-blending vessel). In this
embodiment, the operation conditions of the single-stream 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. The separator(s) feeding the separator-blending vessel rhay also serve
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systens, optjopal comgnqQner(s)., optional scavenger(s), ,and optional,inert
di | uent ( sPS obu ﬁ’ér‘feS%(SSeﬁﬁ(PééngV\ﬁBr ENpreved Mpgﬁér?éépf:ogk{@stréﬁ?fhy at
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than 10 NiffivRRIaPhIR Blefddciifipfherits €STHE DUFRG ¢pagity "dthesé vesddlfls MPa,
particularly between 10 and 300 MPa, advantageously between 20 and 250 MrPa,
is in itsddfine¢ By uhe wilame, batwiedns tldb auaximum cand i niimuenplevelsuoé thed
critical pressure, and conprises the nononer, any conononer(s), any
scavenger separatedypaly@er-caricheshlquesr Rasenert sol vent (s) present, and the
pol ymer product and where the catal yst system conprises catal yst precursor

ci 1T uont  100afly | XSCaRAcHka, B e e dunade) BF rpeties raClofh iBp s f’-‘%?l the
process epfé&gﬁ@ %gﬁé@?ﬁ@lrffg{%g'@fgeﬁ% ??Gcég%sy ARcIeaHerefIPPOARE o Shel ve

in the ef at1on system conbining the reactor

ef fl uent gediviival RenipometlisseDthe gobing¢rdblendpionbetmddeoin aalsankpef patalel
reactor train upstreamof or in a separation-blendi ng vessel that

si mul t aneoeastorspr Guichedireteblgndgpreiductieni mayi be asiventageongynashieveghdn
separati on of the pononer(s romthe product polyners; brjngi t he

conbi ned PEYEREAZation H‘&?Fg%%rtéﬁ%p?}'ﬁ?[ Bbg%o&ogqne\é},}s 9%8%@[5’&88?‘%?‘5 Bt%nder
bel ow t he ' . ] rg: Whi [ I i ' eans
above t noadofy dnpif-Siid 3aft MR s, ShAlc K ST R e
and presspreesest hevecht ledsnons rétoBtraindihat dpatdtys (n achombgémsonstdensei xi ng
point), or conmbined (i.e., after the mxing point); when the reactor

ef f | uent s flid staterirAndeabayssits eriticalf tempsratupaand sritispbperssurco pAtf ast pype
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fluid phagg ndudBERNEEfuid sHihst sk @itheAntsrt SElvBAREdNBonbdr@) e Ithéidr e i n
t he separator-Dbl ender above the solid-fluid phase transition tenperature,
in the sepsxaires ablasulventAdiluent ig theie 1§ptid | arnsppercritical iséate onlenge, tsueh
formati on of %lconti nuous | ayer, at ‘tyhe bottom of a deniﬁr. |1 -m xed fluid
pol yrrer - parlls] dRacioRnapeRa WithoRPTHations FYYems i dngip JIomEssous

formation Qb a. 1?%15&&“%@%{1@93& sfite.21d Bﬁﬁrtﬁg%{lﬁ%}d‘it%p?ﬁ?iiﬁﬁ%%{?@&gﬂéﬁ. at

the top; SERAT S a fir noner-rich phase"froma fi ner-rich
bl end phaggodRd the prsdes Gndy ®eSe Batlaipotltherigiti 6o pesess lopeatiipasdtidigsect | y
or after further - 22 - treatnent to the polynerization trains;

opt i onal | yharf 40 %o, oe dessithan BRewhPgsrdess tfant 2{kwg odof lessttharoll § ek %a,i ch
bl end phase upstream of aor ig a | ow pressure separator to a%jéeve a second
00

f1uid-flucd lespdhamidvt (v iggt osRlvento PEeseah dBn thea £eaFtPh | FL AN, SUREE | uj d

phase and a,.second. no [ phase i he i, Nt a¢ Rl re
above the egthngr?lfzﬁm &ggﬁﬁ@‘ t ?l}aéﬁs{]?%o% erlrper aéﬁr@f E&;'/é}gﬁ{o?‘ger?gfm gbgher
heating thgriddlady poild(/'ﬁﬁfagébﬁ@ inetslifilenearsf ofel OlRcldsedadgiorgsssattakyst

killer(s), and/or” polyner "nodifyer(s) and/or additive(s) in their dense
fluid statpelmerzatidn reacthrs epprate at bulkahombgeénkouswsupercritival ¢gopdigiongdsst at e)

to the polyner-containing effluent strean(s t esjred I

downst r eafiasbeendisalosed 15 sy Jraten HBﬁP?M D@é ?M&gyﬁ{% a‘ﬂ‘hg?{ 1%E]i’(?ﬁ“dual or
conbi ned effl.uent strea el r..f:ragins in the reactor bank of the
di scl osed FedBég%oé‘B?m%(gB%g%gﬁr%}qerlﬁgﬁé%ﬁgislg romthe separator section of
the invention process is then conveyed to a downstream fini shing stage for

further nononer stripping, drying and/or pelletizing to formthe polyner
bl end product of the in-line blending process.



[0072] I n essence, the in-line blending processes disclosed herein conprise
a polynerization section and at | east one nononer-pol yner separator vessel,
cal | ed t wozeasaiior - bl endi ng vessel, or separator bl en@er/usesn7/025820
hi gh- pressure separator. The separator-bl endi ng-vessel serves as both a
separator and a blender for the pol ynmerygontaining reactor effluents of the
two or nore parallel reactor trains in the reactor bank in which at | east
one of the reactor trains enploys a dense honogeneous fluid polymnerization
system (i defined ag a homogeneous supercritical or a .soluti,an
pol ymer i 25&?% pr 03%§§Pa‘qrte"i‘§°‘gm§6‘ ’b%?{)moé? otfjéﬁ? I’i%acﬁ?ﬁd@d"@ﬁgr‘ﬁttpﬁn of
the in-1i i S i Scl i a2 Lzation
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systemin reactor train uent into onbgeneous state upstream of
the separ gt @horel SNeheN@a¥®Fs theludb@igfthe paratted hanReoOfeadWre operdte g the endi ng
conponents is/are produced in a particle-formng polymerization process,
such as, folutienastplee(comtinatian wif sodutidruprgcess apd hompoggmanuis zaupeneritigal h
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ef fl uent above the 'solid-fluid phase transition tenperature creating a
st r eam i nhoiniogenedes supeodritical pobyinctizatiorprosgsses pueVidegicdpmersedissalvedough

any and all cophinations of reactor operati on nodes nma e ihclyded i.n the
in-1ine bifbridi dpﬁé’@es‘%bcfhdilssd?ﬁ‘é‘é HeF s, prnﬁge%vﬁhﬁaae@aggmapfat
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pol ymeri zati ons, “especi y bul k honobgeneous supercritical polynerization
or a conbarnailkomonbmien|phake nsjen essentiliyepure trion@mea(s) dsubélvent ot imay
pol ynmeri zations are parti ﬁul arly advant ag&ous. [ 0073] The net hods f’f fluid
phase i n- kKeerthsopghyaierindhaihasmegencons did state byssmploying an ined splvent

o the. aarsnragief b BBt lormi s ThPRCReB b PE ORRS YEH 0 afidfenfl ™
include, RKigre ahen BY wti% (RUnbfe thAPBSRE By HRIWEE R0 ARITEGEREiI%Y obecause
of nol ecul ar-level m xing of blend conponents, inproved cost of nmanufacture

because obetswennd§ dndraSawdi Fancellnd soheiore procsss sproyidass foraaspeolyatered wi t h

conventional off-1jne blendi n% processes that start with the separately
produced SomRHIngdiquid; phasepsitherein ANe MRETE SO NeL in dhe ewsentialdy dieat he

d sinplici f .bl i . iall d d...
U scoet 1 oMt tp fheip ni3hire dn Bt LR fhied) TEE Ao Bendoh SR Rditical ano,
optional | Pg%éegﬁgfro§me¥ef3rstﬂé“ ng&;@ﬂi@ NGiAg s?a_rt@rl?y fdigolvank the Polyéldst i ng

bl end rat t herefore bl roperties in-1"ine;, flexibility in

adj ust i ngpprdudteitheninr ah éserdfsolvent lor dndhe @spaontiatlysneat Imendmkr vy in rtheir
i ndependently controlling for each reactor the - 24 -

mixture in their supercritical state.

[0083] In another embodiment, at least one of the reactors included in the
parallel reator bank operates in a homogeneous supercritical mode and one or
more reactor trains operate in the slurry mode (combination of slurry and
homogeneous supercritical). The dense fluid phase(s) of the slurry
polymerization process(es) deployed in one or more trains of the invention in-
line blending process can be either in its/their liquid or in its/their supercritical

state. Before bringing the effluent(s) of the slurry train(s) to the separator-



residence tinme, nononer conposition and conversion, catalyst choice,
catal yst concentration, tenperature and pressure; inproved blend quality;
fl exi bi | iwg 2008/0823diing a broader slate of bl ended productsTius2a0im23sane

pl ant; reduced process cost by utilizing the nononer-pol ymer separator(s)
for product blending and, in sone enmbodiyents, for product buffering to
allow better control of blend ratio. | n-]I I ne Bl endi ng Process Overview.

[ 0074] Pol yol efins are used in a |arge nunber of different applications.
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pol yner cesmpbaehts - Adide tBQ' dlbédduh@n 3ebip. e biMRr aspects of the in-line blendm%
stiffness-elasticity-toughness bal ancé of polyolefins provides for the

ability tprovess discloreddshartinm breoanotr aaffectod ahypl haeingorpartiok-fommng o
expand the potential of Ion ins in gel ive si.,red performance at
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of polymers or by produci hg conposites. The in-line blendlng processes
di scl osedisotaoticn pobtpaopylene nmlaidagwithl YieglebNattds catatysts. neltblisnbowgver,
processes have many econom ¢ and product quality advantages. For exanple,
they savebimealboBiorgexpensiye ﬁ@eémtb% Rdded, progessing|addnygstarens €pah al B¢ v

pr oduced L ec t r d
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conprising propylene, particularly bulk supercritical polynerization
systenms copgrifisi ingnesy dike, efoe, exarmplearthe cutilizdtionadf aexisigreg oly merigation
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well known in the art of chemical engineering.

[0084] 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.

[0085] U.S. Patent Application Nos. 11/433,889 and 11/177,004 disclose
a flexible homogeneous polymerization platform for the homogeneous
supercritical propylene polymerization process (also referred to herein as the
“supercritical process™). In the referred supercritical propylene polymerization
process, polymerization is carried out in a substantially supercritical monomer
medium, thus it is a bulk homogeneous supercritical polymerization process.

The polymer is in a homogeneously dissolved state in the reactor and in the



- 25 - proper catalyst choice) highly crystalline products at high
productivity in the polynmer synthesis step, and good product m xi ng and
fast, ef fwotznesmseimoner/ pol yner separation in the downstrrcearse@roeisee
precovery section. Not bound by theories, these advantages are attri buted
to the unique conbination of (1) high pglymerization tenperature and high
nononmer concentration in the reactor, and (2) |low viscosity, readily

adj ust abl e density at a given tenperature (by changi ng pressure), and |arge

density differenges between the nononer-rjch and pol.yner:rich phases in the
mononer - p&FackRIreilugpt thus Mmacing dhe seaster e ﬂIPﬁEt %}H@E‘?g & digect ‘Ilu‘é‘gﬁgtémri si ng

attribute i nst.rated_| i ol

her ei n. [§%Aﬁ]3§)e gaglmélc?’(})lggdt% héérc&vﬁ gge&fgdégﬁ{rg%ggg%%%égsg@?gw& rect
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pol yneri zati on wherein the blending step i s achi eved downstream of the
reactors ilih/1d7sMphabbdeadt tralithg supemeiticabhpely merfizationdpttosess prawades an

hi gh- pressure separator, or as separataor-blender). The production of

pol ymer breyaiageousHaesns tenthe; sorcalind pelationipsosesses in 45 abilipeto PIPSUES| yrrer
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t he pol ynprodessesdi thg capmenitithl proeesy aneyt also prodcsoleteylentprapylenc e nmay
be advant ageous to downstream b| endi n? oper at,ions. [0077] The pol rrtgri zation
reactors &eRelymegeoind yprapylepe hemope Wfég@'ﬂ@bﬁd‘é‘i?ﬁert%‘ithl?yea?n%r ¥¥ss, or

pr ccur sor FARSRIDBE: Bleife kot ih G RLPHES Ab e bBuPrtRirebfed WSt '
react or eb&ieﬂ?nmgﬁeamplﬂoéprlﬂ/msi,is@ Bh&"di NG 0G4 0tk finkdrPeFated ]g)gfssi ng.

Bul k honbgeneous “pol yneri zati on processes are particularly useful

pr oduci ngrdfesonde dotipgnemtiretylhereinw. t he sinplicity of the nononer recycle
| oop and due to the enhancenents in reactor productivity and - 26 -
product properties, such as nol ecul ar weight and nelting behavior, as wll

become ap[Of8]t fromdvastagsbhepohmen klendsarsrefterreemppsedbete blandsefi (@3 ed
Vi ne. DS CotsblioR ComPROnSeR Attt meSEin coRmOngnls™ SHEfei n « ne
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train andhighty sepanRiner pélyais,Nbut/ 86 &ir- loWicsystaltinglyUpiodcsst besausypheal | y

consists of a punp followed by a heater to bring the reactor effluent above
t he sol i dpblymet peldete stickntigetlar causing ifoukingfdfothgi repactorst deaningheften

contai ns the pol ymer bl.endi ng_conponent honoggneousl|y dissolved in the
Gonse 11 uMikes (e BRGRHon oL AH6 BRIETAS SRR oy G rrele BV EAE FEPRRSPE  on
of the pol I 1) r i\ 0g: p i kcally
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are typi catdogessasshasanty suehatjedtation ardimaydpravideyarulow erystallingy pradudts- | i ne
pol ymer bl endi ngt con'pfonents. . .

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

homogeneous supercritical process may provide for both high crystallinity/high



[0078] The in-line blending process for polynmers disclosed herein requires
an upstream pol yneri zation process that provides two or nore of the

pol ynmer s wo 2a08msesigeneous fluid state. Therefore, if thecpalSgovenesati on
reaction is carried out at conditions that formparticles, such as, for
exanpl e, slurry polynerization, an addifjonal step is required to bring the
in-line polyner blending conponent into a dissolved fluid state before
feeding the polymer-containing streamto the separator-bl ender section of
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product ( sfissakuion ste27 -Thesei atritutes make oit reor particularlys cddmantageousd -

optionally - one or npre scavenqgers. .Fl uid-phase operations, ha SONEe
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and excesgpyg ﬁ&?ﬁleeizaﬂemygteﬁg%ﬁ%%%wwddmame;in-ﬁhﬁ bleHdihg raetdses
medi um may form one single fluid phase or two fluid phases in the reactor.

For nore disolosed shateii aplleng rasaatt brasbpae atfi thes reactordtrainsneperafesr withga a
single fluid phase in the reactor, i.e. _operating above, the cl oud point
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separat or-bl endi ng vessel. The Separator-bllender opefates at conditions
that lead to the formation of two fluid phases: the upper one essentially

consi sti nfpod7]t he IMhe- Mvnheaidrarfonaisghin trmbanie ifsparhllieh ecaodngndisciosed on
syst ens, Eredon’i nantly the nononer(s) and the optional inert solvent(s),
whi | e t hehersiemaybe jagy0lpBnimeemppundpperteining apleast ang alinhatie daouble

conditions that. Jead to the formation of .fwo. flui S in the
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first inc kde e f [WeTe] % ind-4 lhdihd phase
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adj ust i ngaidmgatiedinge OBkemiptaref bubhaot diasitiag, eldfinseitictudd bipha e hnemas are
typically reduced to bring the tenperature and pressure of the conbined

ef f1 uent ~ §inearson branghesbelgifins andt thair tdendse speinds ethylengs propylaneg, busemes, | i qui d

or supercritical fluid-supercritical flui gz? Bhases in the phase di aﬁram
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pol ymer cHifiangnacn-potyrh&eziagnaiat) flvidodorhpendme eslling asdiluenifolvents
include light paraffinic and aromatic hydrocarbons and their blends, such as
butanes, pentanes, hexanes, heptanes, octanes, toluene, xylenes, cyclopentane,

cyclohexane, fluorocarbons, hydrofluorocarbons, etc.

[0088] The conditions in the polymerization reactors of the aforementioned
olefin polymerization process may be established such that the entire reactor
content, including the monomer(s), optional non-polymerizing fluid, catalyst
system(s), optional scavenger(s) and polymeric products, is in a homogeneous

fluid, and advantageously in a single homogeneous fluid state. In certain



pol ymer-rich phases are acconplished in the sanme vessel elimnating the
need for a separate bl ending vessel and bl endi ng process step. The bul k of
t he nonorwo(28)s/@exi1t he optional inert solvent(s) separatred/useanTiordseo pol yner
is/are then recycled back into the polynerization reactor bank of the

pl ant. [0080] I n anot her enbodi nent of thge in-1ine blending processes

di scl osed herein, one or nore reactor effluent streans containing the

di ssol ved pol yner bl end conponents are fed to i ndependent separators or
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enbodi ment, the operation conditions of the_ single-stream separator(s)
upst r eam degtade meptaknown- ¢atakyticnsystesss eproyigding cangdiersreagon Joy jaypigding

o Y ReaAt SRR bbbt B s TUR A R Y
P AERRL ol b SRS R blespaseriay ure

conponent guirént baits efahat 41t -dfl polgaierizhtions pphmeizdtion taepératiredhabove
separ at or- bl endi ng vessel may also serve - 29 - as buffer vessel (s)

af f or di ng348 *Crase ot teconrmended Fonthetslomy podymeriztiqropiasassesi g URper t he
jsmal! but inevitable flugtuations in the,production ofhthe A i'\flii q%al_
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reactors t®folleg. Fdri that PéR0E] Rurey operativek, ndtHigightettinng 1€ bekssake

di scl osed herein provide for the individual conponents of the polyner blend
to be nadeolidrfluithphiasotrapaition ate adeantagesusSnehhigheedham|1OndC petawidhe on may
be advant age . chieved.in polynerjzati on processes that operate in a
homgeneoé&‘&iﬁgépﬁpﬁﬁ Harbgd'ég’éfipq P%‘THCH ea‘f‘f?@%}nga-. solid phase transition
limts. Some fornms of the disclosed processes have at | east one reactor
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critical ratur pressure. ast™ one reagpor operati ng
with a buljks; DRRYS promaties.l t i CawePOleyiRirhthiddd OgeneyAllyeNTavor Phighesul arly
advant ageous. Pol yireri zati on processes that operate in a honbgenous dense
flui d phaseystallinity tdmel higher tmekiculart Weight r(foroan rexatrgle.osed K. )i xFores as
a solvent/diluent in their liquid or supercritigcal state._ Hence, such

paral | el heEmOEEREOWHROIYMETiIGatiAN P GeRses. 1Be Iomeslavts pf reactionfempiaBleneous

o 4 oparapssackdmiiet by e $pligAHuConast eiillon WmpUREiE) KifRhetie
oper at i ng ckdls HRiew itheSoltd tWhid (iﬁha% trhftfort RAipedsturd ofthefeabt®sis niikae 20 W

% or less than 10 wt % or less than 5 wt % of inert solvent present in
t he react afay fad fonoperatiornfroblemsidae tesfoatingal Fyr theer¢duesiont ofhighlyt %)
of inert solvents. In one particul arly advantageous enbodi ngnt of the

di scl osedcprstalline, pelydropylones | Geeltivg peakt mapYaRias > 530 btk WorkWkneous
Nooc 51/ 45EMagERERNS SaperoBTRn DoRAREHARS BRoCshd, dng, miREh, QARG T

entirety. temperature is about 95-100 °C. In the production of lower melting copolymers,




- 30 - [0082] 1 n anot her enbodi nent, one or nore of the reactors included in
the parallel bank of reactors operate in the honbgeneous supercritical

st at e andworeosms2smr e of the reactors included in the pacaluseso7ioasskzo of
reactors operate in the solution state (conbination of solution process and
honbgeneous supercritical process reactg9s). Solution polynerization has
been di sclosed in PCT Publication No. WO 2006/ 044149 and US Publication No.
US 2006/ 0183861, herein incorporated by reference in their entirety. Both
sol uti on and honogeneous supercritical  polynmerization. processes. proyide

pol yners 8¢dsasy ethyienepranyienes aad et n@h%’?“?éﬁﬁ%@@’f‘%ﬂ%%“%ﬂﬁh eam
in-line b j Bat h lagt i Qn d Lii cal
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nmay be pewfigioidouling {ThelappHoSie opb@mnuﬁeﬂgomtna?l fuythet redutertheer ( s)
as solvent or may keep the polynmer in the honogeneous Tluid state by

enpl oyi ngmanimuer operetior iemparatutese e foulingrfres bpearationsregime, althaurgh, t han
40 wt % or ore than 50 % or nore than 60 wt % or re than 65 W %
or bet weeflS Qﬁcﬁﬁﬁ%@wr’(ﬁ%\gél“%ﬁé{‘ hesencyg ’6‘8“\/&0{%(‘“ €9d8 {9 by ocess
provi des r r- I G h . el i L ner vent
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state. ThehdieyEasePIdactoRebSt dud toahe Peeg Eossdlventiigdlingr the pol yneric
fluid state by dissolving the polyneric product either 'n an inert solvent
or in the essentially neat nonomer or in their mxture in their

super cri t [0081]st at &he @t8G] tempeaatirerandnfressure if thatpolyaaetization sfsterhe
reactors included in the parallel reator bank operates in a honogeneogus
super cri t peeadiffasert Ham theecriticaloradugscelcpeic ¢qmpoeRedHeangd thusSUPBECTHIGH r y

node (combi naﬁi on g& sl urF a?d hoﬁ%ﬂet eoug S ger critical). The delnse fluid

phase(s) I nor e
gperations eheriperahurs Jower fian i setical Embirabirs Popyer PEpRYishe

trai ¢ . . ol . it i v its/thoi

[ quid or PRG4 BEctmds (c, PICRIpRIHIENS SR haRIAL A IOt Te)

of the sl hereyn.t r Addisipnaldy,t heasepoipliaus- and 3iorphbendhagriabs seith low

(hi gh-pressure separator) of the in-line blending process of the invention,
the ef f | umeltingrpointsednayl bo prodngediiwishowte fouking| evan dwelpwl e rcrbicahd

CoPent kL SO Rt £0, o WPt A iR ol

particle- ) J i s S e i
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t he abi | i ingtapices,hehesloperationr eeraperature pmasiube dowathe bubbley pointsofilthé ne
honopol ynmer bl end_conponents, such as isotactic pol ypropyl ene nade with

Zi egl er - Negaction amaxtyes gnd|thus dhe eapor operaies @hlwhatnisr efterk pefesiodetadas t o

t he added,.procgssi,n d investnent cost. The optinal.choice between the

di 1 1 er ent IWGEHRA Shrdlifionss; | B SOmte imlariassesuPbroRsatsn smadperetldhe ( ne
target pr : PFewBi, WANasd %Ba i fef fiSSU li ke,
for exarrp?éeisfﬂ:eftdhﬁ4 %tkﬁe?%al'?ggn%g chI st ?#g@gﬁ%?ﬁgﬁ%ﬁ&?a@i Iﬁi t?es{.‘:a%ﬁ'he
opti mal cEUFRYY rrirtionlaglyn ilbehdemanufacadebyf sdiopoliandrst estivhi gsigsropgldneknown
in the art of chem cal engineering. [0084] The parallel reactor

conf i gur acthylengi ercétbzlemerughemolginraripropylene-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.

Polymerization Temperature for Homogeneous Fluid Phase Polymerizations:

[0092] The polymerization process temperature should be above the solid-
fluid phase transition temperature of the polymer-containing fluid

polymerization system at the reactor pressure, or at least 2 °C above the solid-



flexibility in independently controlling for each reactor the residence

ti me, nonomer conposition and conversion, catalyst choice, and catal yst
concent r avpanosmsesiavai | abl e in a series reactor confi guratriuszoo7oesské endi ng
of polymers. It also makes the independent control of reaction tenperature
and pressure easier thus enhancing the gpntrol of the polynerization
processes yielding the individual in-line polynmer blend conponents.

[ 0085] U. S. Patent Application'hbs 11/433 889 and 11/177,004 discl ose a
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supercrit fioad rjsm,aertthlum tdmperamres &f buhk hsstpgrRIuEaisMnger Cluid | cal
pol ymeri zation process. The polymer is in a hormgﬂeneousl y di ssol ved state
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supercriti po ynerizatl process provideS an advahtag means to the
so-cal | ed ﬁsz!e§§ 'té}ﬂpékfa%éssﬁlﬁﬁlld bel wo@bthlel Eoul Ppdlne e Gke fam;glé Yphasey shuad | i ne,
hi gh nol ecul ar weight (i.e. lownelt-flow rate) isotactic propyl ene

horopol ynpolym&ﬂmztatioa s;alaerp reidbe acattet presyunep by 2efC patmore ghayeethsedoud he
supercritical ce may al so produce et hyl ene-propyl ene nmers and
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of a blend of {a) highly crystalline conponent(s) and (a) | ow crystal linity

conponent 250 °CS|Exeryplandlayesr pxﬂgmruatlgmmpenatm lpniss ess®Q, areh0, pr 30, de f or
hi gh nol ecul ar wei ght h| ghQé, stallj ne oiﬁyrrers but not for |ow
crystal | i AT 80, oF §8uer 85nerc Mo hED, 51 120 Xegplany VmertRfﬂlémﬁéllzaté%a ng

mater 1 5 enbRREE iy aigAad, O 230, P AR &S%%ds& 2RO B BPREIIr8: cia1

i mpracticgt j6@asti50%@r 1y when the ethyl ene content exceeds approximately
9-10 wt % In contrast, solution polynerization processes has no such
limtation and may provide for low crystallinity products because the

pol yner i [0@93jsent Im seottdini cdmbodintents,e gl gmerianion hés eperferncahnit 4 oul
it. However, the solution process has limtations in producing highly
cryst al | i seperptiealnpodymerization gwstqmoduln ssught rerpbegiments)| thehgrep@ﬁlm One

ypi cal |y olpgiaticpr St ghemiriiabict soraide it SORPHEBH et g
oL Sl oo AARALE SICLA s et
provi de fRpmidgehedlisybupescditidal i polynidtigition 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 transition temperature of the polymer-containing fluid
reaction medium at the reactor pressure, or at least 10 °C above the solid-fluid

phase transformation point of the polymer-containing fluid reaction medium at

the reactor pressure. In another embodiment, the temperature is above the cloud



- 33 - melting point and low crystallinity/low nelting point polyners

w thout fouling. It also generates the polyner blend conponents in a

di ssol vedwetaasasesiit he pol yneri zati on system al | ow ng dipceats2dmi7eezseng

wi t hout the need for a dissolution step. These attributes make it a
particul arly advantageous pol ynerizatiofy process for the in-line blending
processes di sclosed herein. Notw thstandi ng, any conbi nati on of

pol ymeri zati on processes operati ng with dense poI yneri zation syst ens may be

depl din the in-li d d h
e onePBint SR 4h¢ siaeliaph Qfﬁ’wﬁ%ﬁéi’o&f%é et 7t RS R s o ot fon
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phase transiti on poin ageous not ower t an 10 MPa ow t he

cl oud poi @Eaﬁ&ﬁepeﬂmaﬂrmémt ilentenysdramire [HBEFEBAES 0rand 360s°F, etwsen i n t he
bank of paral lel reactors disclosed herein may be a mf/ ol efini c compounds
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hept enes, 186! &NES) °Cronenes, decenes, styrenes, non-conjugated dienes,

cycl ohexene,” norbornene, and the I|i ke. Exempl ary, but not |imting,

non- pol ynmerizing (inert) fluid conponents serving as diluents/solvents

i ncl ude | Pghtmedeaion IPtieSSL&'Bd‘oﬁI-I@mfm;imehusthxidﬂ’dmssPahdnmﬁmit'rorist ends, such

as but anes ent anes, hexanes, heptanes, octanes, tol uene, | enes,
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catal yst syste optional scavenger(s) and polyneric products isin a

honmogeneoisividual bleritbl cdehyputicage distlgsednheredi rigl st hisyrdbe ndesiredf producst at e.
In certain - 34 - enbodinents, the conditions in the reactors of the

af or ement poIpstties; suek s raglesulas sveight MW and Haelt dloy satecAAFRA(seearter i n
their supercri uid state, and advantageously in a single honbgeneous
supercri t F¥3PP #q,ﬁ&} élt)at e.

[0095] 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-
fluid phase separation. Therefore, polymerization process conditions under
which there is a polymer-rich and a polymer-lean phase are provided herein as
long as both phases are above the solid-fluid phase separation limit thus
preventing fouling and are well mixed thus preventing substantial mass transfer
limitation leading to poorly controlled increasees in molecular weight and/or

compositional distributions.

[0096] Exemplary, but not limiting, process pressures, are between 1 MPa
(0.15 kpsi) to 1500 MPa (217 kpsi), and more particularly between 1 and 500
MPa (0.15 and 72.5 kpsi). In one embodiment, the polymerization process



[ 0089] The upper limt for tenperature is determ ned by the product
properties that are strongly influenced by the reaction tenperature (for an
exanpl e, weeodsio8512). Since often polyners with higher mrorasaéoan2ised ght s
and/ or higher nelting points are desired, high polynerization tenperatures
(>250 C) are generally not advantageoussglncreased tenperatures can al so
degrade nost known catal ytic systens, providing another reason for avoiding
excessi ve polynerization tenperatures. FIG 5 provides an exanpl e of how
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phase transition line leads to touling. For that reason, slurry operations
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processes, the lower limts of reaction tenperature are al so determ ned by

the sol i dafd bj 80,p2Qsand 3QNPa (0. 150 Apks, 2. % 435 Apsihi nespedtivelydacExemplsey ow t he
solid-fluid phase trapnstion tenperatur f e_reacti ] Xt ur | ead to
oper at i onUpP&hPESFEUIgRMALS Qrﬁuﬁ%.&@r %pﬁe 3@50%6{ %@%W@n(ﬁm"’sﬁt alline
pol ypr opy Al t .e h >150 C) in bul k honbgeneous
supercri t?ggﬁeﬁgoﬁ&jﬁi g?%ﬁp%’rl[c%&%k@ﬁhe m ni mum operating tenperature

I
is about 95-100 C. In the production of |ower nelting copolyners, ~-,35 -

such as e ne- prapy a e- 4 pOojcy ignifigantly
| ower r eazqwoérﬁt errpeHrqatdSrﬁleagf 3915)% Hh’égﬁ% OP 8@\/6”1%%3)& ?15 rgoemféedgldiinl ygused

wi t hout f eupeérogiticdlsolgpetizatdon epstem. CRY suthrerhbedimens, thatrcaation prassurer
reduce the m ni num operation tenperature of the fouling-free operation
regi ne, ald 1abayh, thes crtistluthe dressure «of theolymstizaiom systcmende $IME nert
solvents also tends to limt the product np|ecul ar weight and often the
nel ting pgﬂ‘iofigﬁﬁﬁﬁsatme. P *Hr s'ifgftr%g? eg%ggks agr §85£°[%egﬁ°lésosstu"8£%ﬁfc&it he
need for ; Al s NBtiohP0 LT, bhéSAl 1WAvARtizRfi6ss¥Fe of
t he pol yn@?!yzfgﬁ%ﬂn%@yé?@n%oggegﬁﬂldf grrng%? ?(ﬁ%n? e crlﬁ iuéza?/ va uels of pure
conponent the andirieh bierfliper proctises| dispksed | srsimtmae rige reatti¢éd sodtonerthe han

the critical tenperature of pure propyl ene and C4 plus nononers (e.g., 92 C
for propyfelleying pressursisbl dhgnsunsreitiealepolysrasizationdpiacesh #f| e in-line

o1 oduced. DIPHERS PISGFSEY GICSBY BRI dneY | pr PR Bur AP JPTEHATE cact or
bl ends, 'Pgeﬁgu&ts. 'RIBR ShBbBEndAAthe iSRRG R AnaRTAE SAallizitibs State

of the po rization systemin the feactor. In these Instances,

oper at i onphaseamitioe pregsufeodteopolyherobtdiringofluid rehctidre niedliwrhi airthei xt ure
and thus the reactor operates at what is often referred to as |liquid-filled

condi t i onseactor teomeratuse anoedowsntharohe MPadelonsdbe stendippint @ she dlpid o

hi hi gh .nol ) i ght dth | It fl
SRR A g G T Sy SRR N T
or ethyl eg?ésgp&hﬁfb&lvgéh rlooéndP§9@3I\'/IPer&kx%ﬁrlcﬁhﬁé 000! YIBEEvecHHE
react or operations undéer condlifrons at whic t he pO| yneric pro ucts are

di ssol ved ahg 2i50eVIPan dResneOforii fgdTpresbilierie aboee a0 200t 36 MPauild anbeiee, al so
known as bul k sol ution polynerization, are also _disclosed herein.
form, the pressure is below 1500, 500, 300, 250, or 200 MPa.

Total Monomer Conversion for Homogeneous Fluid Phase Polymerizations:

[0098] 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



Pol ymeri zati on Tenperature for Honogeneous Fluid Phase Pol yneri zati ons:

[ 0092] The pol yneri zation process tenperature should be above the solid-
fluid phase 2008a8331i on t enperature of the pol ynmer - cont aiPairnig246o7023k20

pol ymeri zati on system at the reactor pressure, or at |east 2 C above the
solid- - 36 - fluid phase transition tfyiperature of the pol yner-containing
fluid polynerization systemat the reactor pressure, or at |east 5 C above
the solid-fluid phase transition tenperature of the pol yner-contai ni ng
fluid polynerization at f.he reactor, pressure % at least 10 C above the

pre :
sol i d- f | uPTIMEIJEEYSRIAUP Hhvs 63N Frstuce B CoMLlBEPREIET CBMCLF-n RICHTHE o
pol ynmeri zat | ySt a eq.reagto ' t he
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si ngl e- phagRtdr thid) Requin® the tleh@herit Yiderdcgtlet HflargaCnhobieeSwlimes Per2 C or
nmore above the cloud point of the fluid polynerization systemat the
react or pupispolgmer rproduttiomnwhicdr ingrbasts productioe qost. y nehdreforeohighescess
tenperature should be hetween 50 and 350 C,_or betweep 60 and 250 C, or
bet ween 7HCAYNTRINFEILION KIAWRIJRCHYIC AUODf IR PR yMRsQ¥pd process

pol ymeri zaf | np re him 6 L0, OF or
95, or 106’?6@#%%, ﬁ)&gﬁ%’ ée%%rr%@} 3’%%%%? %&té}{%e?"l ztlzli ipo(ﬁ9¥lgprri%gt?§? ure
limts argysef, g&ni%ﬁ&rlwrin&&m@enzées PolyRRPizaflbn 2§ Psteis, 2i@1dsOthidB0, or
160, or 150 C. "[0093]In°certain enbodi ments, polynerization s perfornmed in
a super cr viscositiepowhivdr carmespondingly enmay makecttactob odixiegt keat transfarasnd on
tenperature is above the critjcal, or pseudo-critical tenperature of the

pol yner i z8pvastregmspdugt-h géifffgwl € SIONINET GANVEFSION dB A ARBIESF at e at

honbgeneo FCriti p rizati. ndé .1 al 0

supercri tﬁ%saﬁ%cgllc%rgiolegaﬁqnoﬁ@g? }Erﬁg ‘%lg&sﬁﬁeg%weong’hg%@@%ggggﬁﬁ g‘?:ﬁi osed
herei n mayyRe tfapra@ttad Worerdibf filitsOvA el PERBIA ledtadFishéd W &tAidaedi nent,
the tenperature i's above the solid-fluid phase transition terperature of

t he pol ynengineeting mathodd kmaivn émthd am (Ve Kinal, £3. Lk, ReHorssy BpAeBalf,d. or at

| east 5 C_above the solid-fluid phase transition tenp ratare of the

pol yrer - cBheal- it hd2008) BGBactBBlerRass usanMersiaBs rals tdapepe 098 LPRETAVRE at

e L0 SO g B BRI, AR, €209, Py e
anot her eghlrERAL redibist P EFAYHIE hivléQNe Weighe! OUbherefore, monomer
conversion may also be constrained by the desire to increase the molecular
weight of the blend component made in the given reactor train. Exemplary, but
not limiting, total monomer single pass conversions are below 90%, more
particularly below 80% and still more particularly below 60%. Total monomer
conversion is defined as the weight of polymer made in a reactor or in a reactor
train divided by the combined weight of monomers and comonomers in the feed
to the reactor or reactor train. It should be understood that while high total
monomer conversion is often limited by product viscosity or by product property
targets, the conversion of some highly reactive monomer components present in
some monomer feed blends may be higher than 90%. For example, the single-
pass conversion of ethylene in ethylene-propylene or in ethylene-higher olefin

feed blends may be nearly complete (approaching 100%) and is disclosed herein.



- 37 - point of the single-phase fluid reaction nediumat the reactor
pressure, or 2 C or nore above the cloud point of the fluid reaction nedi um
at the rexotoos/gseassure. I n yet another enbodi nent, thePCeEmsesaesseo i s

bet ween 50 and 350 C, between 60 and 250 C, between 70 and 250 C, or
between 80 and 250 C. In one form the_ggnperature is above 50, 60, 70, 80,
90, 95, 100, 110, or 120 C. In another form the tenperature is bel ow 350,
250, 240, 230, 220, 210, or 200, or 180, or 160, or 150C Pol ymeri zati on
Pressure nogepeous Fl uid Phase Pg | zati. ons: 0094], The nmaxi nmum
react or pi@é%éj?e %e@&%?ﬁeﬂe’bW?}%fc"&é%tOéc‘b‘Hg‘m&:é{‘e SOHE MOBPH S he
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preventing substantial mass transfer limtatiop |l.eading to orJl

bont r ol | c8omEdHERSEEEACHNE GOMRANCAIS ed ghenomen KredcbleRddnay bR igher, and

di stributions. |00 e ry, but not limting, process pressures, are
bet ween 1 aevén ap%%gél Wé)‘%.

[00100] The single-pass conversion in the polymerization reactors disclosed
herein may be adjusted by the combination of catalyst concentration and total
feed flow rate. The total feed rate determines the average residence time (in a
back-mixed reactor equal to the reactor volume divided by the total volumetric
flow rate of the effluent). The same conversion may be achieved at lower
residence time by increasing the catalyst concentration in the feed and vice
versa. Lower catalyst concentration may reduce catalyst cost, but may also
reduce volumetric productivity thus requiring higher residence times, and
ultimately a larger reactor and thus higher investment cost for the same polymer
production capacity. The optimum balance between residence time/reactor
volumes and catalyst concentration may be determined by standard engineering
methods known in the art. A wide-range of polymer blend components may be
produced in the reactors disclosed herein at reactor residence times ranging from
1 sec to 120 min, particularly from 1 sec to 60 min, more particularly from 5 sec
to 30 min, still more particularly from 30 sec to 30 min, and yet still more
particularly from 1 min to 30 min. In yet another form of the in-line blending

process embodiments disclosed herein, the residence time in the reactors



(0.15 kpsi) to 1500 MPa (217 kpsi), and nore particularly between 1 and 500
MPa (0.15 and 72.5 kpsi). In one enbodi nent, the polynerization process -
38 - preswoneosasesiid be no | ower than the solid-fluid plrasarstecansisee on
pressure of the polyner-containing fluid polynerization systemat the
reactor tenperature. In another enbodi ngpt, the polymerization process
pressure should be no | ower than 10 MPa bel ow the cl oud point of the fluid
pol ynmeri zati on systemat the reactor tenperature and | ess than 1500 MPa. In

bet veen 10RERICACE TR IAY, b RAbHN 13050 STOIIBL0. O 1565 A 3300hIGS 250
VPa.  EXCRAA 20, G0ELs MERSBEP 14 ThE s 6 0cds i1 Afnud .30 VPa (0.15, 1.45,

2.9, 4.35 kpsri,” respec ressu limts are 1500,
1000, 500, 300, 250, and 200 MPa (217, 145, 72.5, 43.5, 36.3, and 29 kpsi,

respect i veo901][ 00941 deftatie ehitiodiRIERA BRI &r alP RLACTBF tradlsi @NtHeSinRRhfionmed in
a supercritical polynerization system |n such enbodi nents, the reaction

pressur e ipsocsovepdrate at i supeadritided pomdifone advahtageposlymat |hmtlog¢n®ylst em
In sone enbodi nents, some or all reactors operate at _hagnbgeneous
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out at the followng pressures. In one enbodi nent, the préssure is no |ower

than the chasthal tesitehiceotimesnie sdlution] gao phpsesandrsuny grbeesses due to the
pol yner-containing fluid reaction nediumat the reactqr, tenperature or no
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Honpgeneoudsand! 60 ik arimided pamiculaly betsveen[1088BB0 meiheasi ng t he conversion
of the total nononer feed in a single-pass

[00102] The polymerization reactors of the in-line blending processes
disclosed herein may be grouped into reactor(s) making a single blending
component, called the reactor train. The reactors of the parallel reactor trains
producing all the polymer blend components are referred to as reactor bank. The
reactors in the individual trains and in the entire bank can be of any type useful
for making polymers (for a review of different polymerization reactors see
Reactor Technology by B.L. Tanny in the Encyclopedia of Polymer Sci. and
Eng., Vol. 14, H.F. Mark et al., Eds., Wiley, New York, 1988, and JBP Soares,
LC Simon in the Handbook of Polymer Reaction Engineering, T. Meyer and J.
Keurentjes, Eds., Wiley-VCH, Weinheim, 2005, p. 365-430.) and can be
constructed the same way or can be different. The optimal reactor type and
configuration can be determined by standard techniques well known in the art of

polymer reactor engineering.

[00103] It should be recognized that the catalytic activity and thus the

volumetric productivity in the individual reactors may be different. If the reactor



in the individual reactor trains of the parallel reactor bank can reduce
the - 39 - nononer recycle ratio thus can reduce the cost of nononer
recycl e. woen@zse3lg nononer recycle ratios (i.e., the ra@&Crased07/025820
recycled/total nononer feed to the reactor train) require the treatnent and
recycle of larger nonomer volunmes per ugt polynmer production, which

i ncreases production cost. Therefore, higher nononer conversion (| ower
recycle ratios) often provides for inproved process econonm cs. However,
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thus the practical conversion [imts can be readily established by standard
engi neer i agsinglenpdantkmayn need ttoe perduce Msevdralz ipolymer endsRwithordifferemt A,
Wl f, J. Rheol. 47 (2003 69). . Si ngl e- pass versi ons so depend on
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Exenpl ary, but not limting, total nonomer single pass conversions are

bel ow 90%polymexr blendigrades.| \THecoptim8Dv6atar wolunesnoray adetfermined fropel ow

60% Tot al, nononer c¢onversion is defined as the wei ght of polyner de in a
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product VhgeAThedniOdl Rgimiepidgct property targets, the conversion of sone
hi ghly reactive nononer conpdnents present in sone nononer feed bl ends may

be hi gher than 90% For exanple, the single-pass conversion of ethylene in
et hyl ene- [0094] ene Inrcommeiciyll praetite,ateacton| prbductivisd tdrldsntdsvargytobsomear | y
conpl ete éapproachi ng 100% and is disclosed herein. -40 - [0099]As
ment i oned

edreoe Whigbtineturnamayr laadnia ithey comespordingnisvelwf vasiabih®yi om i s

t he MW decrgasi ng, ef.fect of. conversio S FLG . 4). Therefor h
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of nonone i | L i i and
ot her pr aBIES BERESAeAM o (Bl 2R RORARINBAUARI e AR DI RAICI HLAGHES, it 2
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t hose with higher than >200 kg/ nol wei ght-averaged nol ecul ar wei ght -My),
t he t ot al ofrthe olumetrice psodurtivity Hesack oepetopdran podicingathe indigidual

oo e RS s RS EC B e e SR 2, 1,
the pol yngsi,6atitioRal 6mdiS of! #fd Ofefl product blends by homogenizing the
individual reactor effluents and by allowing a more independent metering of the
polymer blend components. When an individual reactor train effluent is stored
in the buffer tank in its liquid state at a pressure below its bubble point,
essentially the entire volume of the buffer tank is available for compensating for
the differences in the blending and production rates. However, when the
individual reactor effluent is stored in the buffer tank in its supercritical state or
in its liquid state but at pressures above its bubble point, the dense liquid or
supercritical fluid fills the entire tank. In such operation modes, the buffering

capacity, i.e. the capacity to deviate from the instant reactor flow rate, is more



herein may be adjusted by the conbinati on of catal yst concentrati on and
total feed flowrate. The total feed rate determ nes the average residence
time (inwohkaeskseited reactor equal to the reactor vol umeTdiseoodeessdy t he
total volunetric flowrate of the effluent). The sane conversion may be
achieved at |ower residence tinme by incjpasing the catalyst concentration
in the feed and vice versa. Lower catalyst concentration may reduce

catal yst cost, but may al so reduce volunetric productivity thus reqU| ring
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of the i nbenhigher thamcihaSoﬁﬂmrlalas dowrstigancof thedﬂt:nahugqmmn)ns advant ageousl y
at honpbgeneous supercritical conditions, or bulk hom)geneous supercritical
conditions. The residence tines in the supercritical Iiymarl zation
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bl endi ng processes ereln applying bu eous supercritical
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particul arI%(f between 1 and 30 min. [00102] The polynerization reactors of
B

the in-1ihe r&idﬁsagaqob@@@!;s@gcmﬁyelfbsédlmém@ﬁe eparaton (sapasator-busbfer
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trains and in the entlre for pol ymer s

(for a rexmigihwh aid ﬁﬁkﬁﬂtmptekfmeauowéd ﬁsr theaieméé lewsg o?esaph@lnoiiaom@l ogy
by B.L. Tarny in the Encycl opedia of Polyner Sci. and En Vol . 14, H F.

Mar k et afakingthe mononesr-rickewpper Rhaseoas, ofathe smarmabu er Vip Siprossurer t he
randoock, Soueet XaRF, P66 SEE IR, oM en koL BB ki eianﬁdiay
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engi neeri i@ polymeric product and a vapor phase containing the more volatile
components, such as monomer(s) and inert solvent(s). In the supercritical
regime, the upper phase is a polymer-lean supercritical fluid, while the lower
phase is a polymer-rich supercritical fluid, the latter of which can be withrawn
for blending at a controlled rate required for making a constant blend ratio,
independent of the short-term fluctuations in the production ratios of the
individual blend components. A similar analogy may be derived for liquid-filled
operations. The polymer content, and thus the viscosity of the polymer-rich

phase can be controlled by properly adjusting the temperature at constant



-42 - effluents for in-line blending are directly bl ended, the catalytic
activity and the volunetric productivity may determ ne the reactor sizes
requi r ed wonroesims2sin oduct i on of the individual polyner blpemdSecarmpessemts. |n
order to reduce cost, a single plant may need to produce several polyner
blends with different polyner conponentg bl ended over a range of blend
rati os. Consequently, a parallel reactor bank will often have reactors of
different sizes allowing for a flexible and thus nore cost effective

configuration for the productjon of different polyner blen rades., The
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set to achieve fluid-fluid phase separation (separator-buffer tank
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node is apRd eedtte sectidte of ke ProcessOf Fer bxdrhple, tviligh the pelymiért symhédigiui d
phase containing the polgneric product and a vapor phase containing the
nmor e vol apidcess emperfermed inuyupercsitinah prepylehe,athe offdine praduead (polymen t he
supercritical. regi ne, the upper phase s .a | yer -1 ean supercritica

Fluid, whPfSHYRS TnaYepisg e eianieelaishys AisbRietis i SHBFTGricaT Propylene: e
patrer of HifieRr.CafhePsoltdr(sy b Solvefl- 80! iitoBhcorf M4y Pel Bed Hifh kG " ed
for making a constant blen ati o, I ndependent of the short-term

fluctuati polymer tdddigivesduct Solvenafices infrodbigiomdofi ctheal pblyamet caldigpents. A
simlar analogy may be derived for liquid-filled operations. The pol yner

content, and thus the viscosity of the polyner-rich phase can be controlled
by properly adjusting the tenperature at constant



-44 - pressure or by adjusting the presure at constant tenperature in the
separator-buffer tank(s). In this enbodinent, the polyner-rich effluent(s)
of the sempenratsms2iiuf fer tank(s) are conbined with the dipceatsooansspar at ed
effluent of one of the reactor trains upstream of the separator-blending
vessel that recovers the nononmer of thegslirect reactor effluent as a
supernatant and the in-line polyner blend as the bottom phase. In this
particul ar enbodi nent, one of the separators serves as a separator-bl ender,
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liquid, nmahtigert sdlvehtdiflentdbam Wo@ﬁbﬁ@%ﬂ?ér@ﬂ&apqid! erigstion) ¥e¢ may
be added to the processes disclosed herein solvent(s) is used in these

pol ynmer aprividessthetprodyet inamdissolvedrsapeteitial statcaferahe Idowiiseregsanin-bise us ed
in the pol nerlzag .reactors previously descrlbed in order to avoid an

i ncrease sdp q & BEQSSSs-n More rastigRiarlyy thosunscritieal Ralymeszalder i on of
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I n supercri ene he 0 I ne pro uced I Ves

al so be awntmﬁ@g@ﬁebudl mdcalngﬁpwrer pblysériZdtiony | A1E préavey ghe Ot her
sol vent (s) or solvent-free'introduction may bé used with the pol yrer

addi t i vesprashict émia-dissdved supeteciticehstate fdrethpalopvrestreaddin-lime separdion-
corrponentg n%y be used when the additive conponent is brought into its
mol ten st BICBAHIE IPSESS: he additive conponent is a liquid at anbi ent
tenperatures. [00107] The honogeneous supercritical polynerization and the

solution [00108]  The total amount of inert solvents is generally not more than 80 wt

% in the reactor feeds of the invention process. In some embodiments, where
the feed essentially comprises the monomer or monomer blend, like for example;
bulk slurry, or bulk supercritical, or bulk solution polymerizations, the
minimization of inert solvent use is desired to reduce the cost of monomer
recycling. In these cases, the typical inert solvent concentration in the reactor
feed is often below 40 wt %, or below 30 wt %, or below 20 wt %, or below 10
wt %, or below 5 wt %, or even below 1 wt %. In one form disclosed herein, the
polymerization system comprises less than 20 wt % aromatic hydrocarbons and
advantageously less than 20 wt % toluene. In another form disclosed herein, the
polymerization system comprises less than 40 wt %, or less than 30 wt %, or less
than 20 wt % saturated aliphatic hydrocarbons and advantageously less than 40
wt %, or less than 30 wt %, or less than 20 wt % of decanes, or nonanes, or
octanes, or heptanes, or hexanes, or pentanes, or butanes,or propane, or their

mixtures.



pol ymeri zati on processes are particularly suitable for providing the
product polynmer in a dissolved fluid state. In one particul ar enbodi nent,

t he superwoi2oésomksipol yreri zati on process is perforned i rCrhis2ealsisant i al
absence of an inert solvent/diluent (bulk honmbgeneous supercritical

pol ynmeri zation) and provides the producfgin a dissolved supercritical state
for the downstreamin-line separation-blending process. Mre particularly,
the supercritical polynerization of propylene is performed in the
substanti al absence of an inert solvent/diluent (bulk honbgeneous
supercrit% al ?I -rlzatlon pr.ovi des the product in a
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el ow 5wt givep il G Mg el feadtor BAnEIRAY p¥coitielred By Aitiddle teadhs

pol ymeri zgt itRid &Y BicH® 1%98%5‘& $€Setigss Fﬂ&%ﬂ a2Prabticdb asmircial [piskitogesigons and
advant ageously | ess than w % toluene. I'nh another formdisclosed herein,

t he pol ynﬂandpd)mo,rh(syevmrmlmmerphowldsbd assinirnam A0mber of reactérssor nhgive30 wt

% or less than 20 wt % saturated ali phatl ¢ hydrocar bgns and advant geously
| ess thantram Wi the parallsk Jeactan bamkwin ogrder to emake Hargiven \rolymer blegdnes

or nonane ct apes r heptanes, or _hexanes [__pent Qr, but anes, or
or opane, EfmPRBFT- (OgReralY, not nigte thafleny SeHER Beactirs 478 blizRH 4t BSEess
Confi gura b%ulargpﬁépﬁio-f@‘%hiﬁ ﬁh@e F%'Eﬁ%? réz{b't&'snﬁ? B eREIROu PEE AP a%ﬁ@ﬁ osed
herei n may have fferent detailed process configurations. For exanple, the
nunber of rqaatal trah. r'Elae namber afparalbel trdias in coapaglichtreavter bank heaypbe al | el
reactor bank may be varied. Typically, each reactor train serves to produce
a single Vo, 'ihﬁ%e,tfpeh@rc,fa«%p@nme At panber af reastorsHa tb&mméq reaeter or

bank f d
cori oa: FPaK B B HRL alRr A B PR horBls iR b SRR ¢ e e
shoul d besli’okdlh e THAIAHABE bs R;w 8 A QEsird roﬂu@fbg Bde s Andf lérﬁecggé&?}' el

reactor bank in order to nmake a given pol d conpon neral ly,

not nore allews.t dtheseptirant aaniber of gaealidlircactor txam:k (ascergferred aulagriegs not
nore than three series reactors are generally utilized in a given reactor
train. Thef thedreacter bankal may bﬁadmnnquhbywﬂadm cheméealr cugingening be

eactor banmiERioRamsltas HalRhSun RanE ARy dvioduahiiny. Miadnbfidihfimer of
reactors gRauly PFanWﬂt A dwaSor fhiteé afﬁll%l%ﬂ#n’r@ﬂz?ﬁ&qqgﬁctgf fdgnsbat e and

pl ant capacity a e opt 1 mum nu er of reactor trains (also

referred legsain lthgsreattot hivare producihgnjsoduay Hiendbemlltllm thed coyresiondiias d
chem cal engineering optimnization nethods well known in the art. Most
typi cal | ynumher st ynélnpza@hymﬁrbblﬁm ﬁgnmoannts\m I Howgver, t merorthen theee

|1 el t t th bank
P baue: noPareliEbEaTrsfes 56 5% rehDoy e dh v Broduttioncof BR ket Rbdbst yrror
bl end Comgﬂage ree V\%\;erse E€ thoan-fidy 561 labieg.]he @ﬂﬁbﬁ&ﬁé' BQS gy be

enpl oyed | uction the target uct S SO requires.

Besi des t pélynierl bl&ﬂd@&iﬁ/él‘ﬁkzohtaﬁhmchdiﬁmwlaﬂﬂsmoﬂﬁ'&rﬁIthai ap@lrwtre;sroaheéuis
often contaln additives and nodifiers that are not produced within the sane
pol yrer i zwithimthsr saree polymeumtmnepropcssS hb‘mreque, tishenkt bounderstoadnthatunber

nunbor o Tiecmhr oF somponsrie i th ABar PR biePi Y pistyif MentrdPe M nen .

number of reactor trains or the number of in-line polymer blend components.




-47 - [00110] The fluid phase in-line blending process disclosed herein may
al so optionally incorporate other polyners, and polyner additives that were
pr oduced wotesisds2iihe react or bank of the processes di scipazam20veneise0 The
optional other polyner and pol ymer additive conponents may first be
transferred into solution or nolten flujf state before being blended with
the in-line produced pol yner blend conponents. These other polyner and

pol ymer additive conponents may be stored in polyner additive storage tanks

cont ai ning liqguid, | ten, or dissolyed polynmer comnponents and pol yner

addi ti ves Q1 tng\gi ﬁﬁ‘dtP]&@%f’é‘rlr“é%l\{’geﬁﬂh% EQGEas FSPPCE‘PF@ SRETSHY aé’n%/lﬁ‘i’endi ng
vessel or ] XJ i o] f ol

separat i oﬂb g?ﬁel‘}ll!}? fr%{gcg&e(g‘g{eeln&ﬂ%gﬁ %Hn@%pghépcggméeag@ i EiS\/tggtc‘())vrcr:{)eo th uscecrlray be
accur at el yufgedeefiROrdaetdrhsank 80 dhe proRssed) digtlosed aeediier THe Yptignabbther by one

or nore punps or if the downstream pressure is |ower, through the use of
one or nopelymersad polyeictadditied vespoibitsopay finstl beattansferred intedsotutdoni er s

epar at or SbiAlAm GuKbsGS Riorso bR Banded Wit e gar coPeaERdiRRIY S sel o
; . . = SEpAT !
the hononBRTPeCirRRuREF,; TRER Sinet DoRiREL AP oS PR AT COblRohEFR AR "
it is oftgs @E¥ANtiAIBENMLO additivieN8tege tiaMRS HidaitiB fliqifia, dAvAS,” eam of

t he separator-bl ending vessel. In such enbodi nents, the additives and
nmodi f i er sdisaglvied pulymér wotrtponkntsi and pokynpercatiditivie spptignty beingrdansfentedii cat ed

pi eces of equi pnent or in the, har dwgre of t{]e Eprodupt, fi ni,sh]ii&% section of
the proced3ld@ineipied tosthg ssparation-blspdmeapensel of kp aHBIEBY PO YRS Plider s.
[00111] Refyerring to .0 0 enpl.ar i_ment i.d.phase
i ne oREHaREErp s, s et bR b Sbey Ul e By il ddfids P o
reactor tegnpndts gy 8AGLGiraRaYkndicted 15 UBR bleAlifdvEiRO!A to another
separator-blending vessel (also feferred to as a hi gh-pressure separator).
The separ atigingbpeintidry saparamese pumepoor ibshe dowtnsaehmwpraskereuisalowesi, ght

conponents, such as nononer(s), optional inert solvent(s),. and pr.oduct

li ghts (nixensh the use phase pr morggpressure detdpwnplyeser The optionakaddifiyes al so
bl ends t he_pal ic blend conponents made in different react trajns of
the i nvet rish o diEter Pty AGBRBNRG Be PO Dnbivec et oh feeth M HES; <
al so ref e§é{;_ﬁ9‘atb?—bi’e’i1cﬁh keSsel WA sHeakLSE fle @%fﬁbf-%lbndﬂf@v@kﬁ@%&‘ tR
reactor trains in the parallel bank may be 2, 3, 4, and up to n. The

ef f | uent sprfcesdes distlosedrtieremactlar otdeai tos sanplifyhnsortdmeer hdatrmentain phé yner

conponents are conbi ned upstream of the separation vessel after individual
pressur e Menomskregsslecsainyand thas, ke tredvce thenepsigof monasmaen meycleaiih is

effluents Lo the common pressyreg of .the separatorn-bl endi ng vessel tal yst
i 11img. 28B%R (AVREPERES ol Aarlafe aoHitRsSaah THPREe Gy ARt  of, o8
separ at or sé@iaﬁﬁef-'wedﬁ@ﬁ% Qlestd, MAisHER ©rhbbdiftfehts) th¥ RIdigads aAd GHbaiffgs t he
pol ynmeri zation reactors. Optionally, one or nore static m xers positioned
bef or e t hmayepansiked -vhitle nhié rig-lines priducbd tpotipmers blesrininotiedicatedi pieoes pbi nt
may al so be utilized to enhance m xing between the reactor train effluents.
Opt i onal | quipBeat e ig|the hasdware of ahe) peaduct dinishipgysepdon ©ftthe PFEESES t he
pressure lLetdown,(not shown in FEl i,n.order to maintain the tenperature
in the dofi§ C}Sg%]?]g{qll?f rgﬁarqprge,tlﬂghggé\éqla{lggne_xg{ugﬁm.ng vessel at the
desired value, i.e., above the solid-fluid phase transition tenperature of
t he poly ldagh p f par -b t poi nt
of the co ‘me@ ef R%Zgﬁl?lg {e&n_tq?elﬁng’ ?Iagins?e%’gér}gﬁrérrz ltﬁﬁé?\%ﬁhgéﬂ\t/e&sﬁgfé ?r_gg%l | ow
the formephse H-lide PSlediie brodesslelisclbséd Wetkiphalse ea?ﬂdemsn@mnePafall@h
lighter fluid phase. [001I2] After the conbined reactor train efiluent
streans erdaetorttnains in the reactor bank are brought into a single separator-blending

vessel (also referred to as a high-pressure separator). The separator-blender
separates some or most of the low molecular weight components, such as

monomer(s), optional inert solvent(s), and product lights (monomer-rich phase)



separ at or- bl endi ng vessel, nonomer recycle (nononer-rich phase) energes
fromthe top of the separator-blending vessel and a polyner-rich bl end

ener ges fwormagns2diott om of the vessel. The pol yner-ri chpolrarsdoorayssehen be
conveyed to a downstream fini shing stage for further nononmer stripping,
drying and/or pelletizing. As describedygarlier, nodifiers and additives
may al so be introduced either before or 1nto the separator-bl ending vessel
or downstreamof it. A downstreamintroduction of these nodifiers and
additives typigcally sinpljfies - 49 - n r recycle nd, i s thus

advant age&%‘.ﬁ) tﬁ?\ pp?(ﬁ@egﬁﬁbcﬁl}?éﬁ’t bug ﬂ]éosﬁgﬁﬁ?gﬁ?eﬁﬁﬁé‘?%‘d- Bfe@?ildf;w&p%%%tél
serves as h. a . | @ﬁ% f [ XEER! ary
enbodi ment T's i %ﬁﬁe??rﬁt?fzeagzt!og&g%ﬁs la%fgﬁggﬁgetggf;g?%éggf errll i%é’%@gg‘é , Which
provi des bRindoletles. SiThiki flode he addés eeferddu bt dsoRIdlOrsepaidiionevessli on
and bl endi ng purposes. One di sadvantage of this exenplary enbodinment is

t hat becaoperagion. rEaecnomber af meast6t treins intthe paraltel bavkmaybd 2, Bnd, pBdover ed
nononer stream fr t separ at.or-bl.endi ng vessel may . need to.be s rat ed
orror o Pacgene Tt ciBuRRGrof it HERat aradtnfiping ANd HESH PR o1
reactors. Yy |sS afdmRQ i er, 1 hu [aCOSt i N
the separ g'%){}/rrﬁsec Bf%ﬁﬁn%ﬁfgt amay% emngéeﬁ@%%e?mﬁm geﬁﬁggﬁgr%sggggﬁﬁe?on and
recycl i ngindioRuaE préRiriett dewh Rl e6ss - whitBlfunlchibe to/blfpithé Seadtopltiannat i ve
exenpl ary enmbodi nent of the fluid phase in-line blending process disclosed
her ei n i neffineantts ¢achere@mmon pressurehaf the depammtnreblendingr sessel.veCatalyshi t h

the excepti,on of one reactor effluent, train ere all polyner-rich phases
from t he. KINBE ashiie) maay & opHENALY inrogus YIS 05 OF dNkh phg BN al so

serves as l i . . 4 rati vessel
et ves w8, SR Toher R AN U TSRO o5

but trai nréxctdtsFIGptidnally, MeSdr@bee Statieafixerd Positionsd bRfGreRBE dkpirabiit ves as
a separator to separate’a polyner-enriched phase froma nononer-rich phase

i n the rehkndingivessednbutsdowastream of ther ntisingeppint,hmayoalserte uvfilizedvto
nmol ecul ar i ght conponents higher and thus_to keep_.the viscosity of the
pol yner - eﬁ&ﬁ%d"‘bﬁ&geg‘?%‘(ﬁép, theneeagtargirauns Pffil&‘rﬂtﬁi g‘HDB?%%lL)GrSQ@%F%r @M ors

dedi q et . i
i gher pr SeStrafehattiie e Thab 33T led BRFARE ¢ ReBi TR b PRI o1 ves
both as afFyER¥®)3h Vrdér@ Maiai t%@qefn;fe?zftﬁ?é # e BOWAstRIaIn 11hBSREGh]he t here
is an optional "pressure | etdown between these separators and the

separ at or s¢paeati@n-bldading Wessehat bhe)desirad salue, sepabavethd sehd+fatidrphakender )
where the other polyner-rich Bhases are, conpi ned _and the reactor train
ef fl uent tABSHHIGALeBIPeratEre ofdhe palymergichs phaser of the geparataritiender, byt

train nipE 7 .Se to rue b I .

product - f gglg kvs_Ggf?a%lgll? :bg’_“?tuﬁfg{‘}%o%‘;s’?ﬁﬁﬁa@g’?‘gﬁiﬁ?ﬁ?‘%’%‘g? Q&e%et%_%ﬁ%t?p'l?zé}gl&g onal |y
i ntroducedeqiei @b ANoW' the BrRAGdn SHPar ﬁb@fmé’reﬁélﬂderis%'ﬂ{ﬂhnﬁhéﬁe and a
separator-blender to mnimze further pol'ynmerization outside the

pol yner i zatdnomeradct hghbter fuiid phadd.y, one or nore static mxers positioned
before the separator-blending vessel, but downstream of the m xing point
may be utilized to enhance m xing between the polﬁmsr-ri ch phases of the
reactor t [HRland After rtheccembined nregctarudrain oefilurntr streams e©ntdrn the

iated with th t or - bl ender. Opti |1y, | t
frain of { RARROrHISPEEE el BORGRET FESFlS Smanoendiiieh R ESTEES s hown
R G T . . . . . d
n the sebarRi & of Rl A bl el o B By s o PR Ao e
val ue, i . &rom gHobsttdrefthe vesdel uThePulgmet-rhblehd ndyetiiea et corseyed té he

pol ymer-rich phases but below the cloud point of the streans entering the
separ at or 8, downstoesinm gfinishinge stagst for- Buthere monamer swipping Moyingt dadoof

pol ynmer -enriched qr poly -ri.ch denser flyi hases an noner-rich
Pt er 1 paisrns ds depribEd phues. HO%tiers luddRianmangodammiastous i n
t he produgii y e il d Lif fer I Sy Or
nomDpol ymer2) PEIoR Rt BtD (e Strarbef bl Gesktl f dlimstRERP RIS At

t he honopdbwiettearat inaroducon (of) thess /thedidiers andt ddlitiyewpissiparsanplifisy and
the copol ynerization train (or one of the copolynerization trains in case
of nore than one copol yner trains used) serves as a bl ender. The nononer(s)
recovered in the separator(s) dedicated to individual reactor train(s) may
be recycled to the corresponding reactor train(s) wthout the conplex
separation fromother nononers as was associated with single
separati on- bl endi ng vessel operation previously described. Hence, one

advant age of this enbodinent is that nononer recycle is sinplified and thus
affords | ower cost in the monomer recycle loop. Wile multiple separation

_______ o o o, o o, o o o o, - "




-51 - this enbodinent may be nore conplicated and hi gher cost in the
separator section, but may be sinpler in the nononmer recycle | oops.

[ 00114] Siwoeodsmsbsienbodi nents of FIG 6 and 7 serve thepPsaras2dodneiseon of
pol ymer bl endi ng and separation of the polyner-rich fromthe nononer-rich
phases, the choice between themis drivgy by the economics of a given plant
produci ng a given product slate and may be determ ned by standard

engi neering optim zation techni ques known in the art. [00115]FIG 8

t th | t ti I nbodi .of the, fluid, ph
"heTine bPATY Frescleand S FySoacvartesspien fiiis PROBRBDFRiedn SHA cat e
buf f er tagﬁadrgto‘ﬁ‘ﬂl{%ﬁaipg 9&%%? ﬁ%?@&r 3! GGhOGe ép%réf&!’r g€, rtﬂ?ﬁ&é}f toakn and
i n which e reactor alh effluents are conbi'ned I n a single

separ at or ali\#iaéd 6 VS TRempargterhBbdinét is th@ti Rz of aRMi@eiseparatmsel
operation with buffer tanks). "Each of the n parallel polynerization reactor

trai ns i nbldndingaessel, whith peovides, fareprosesshsimpliatynbeesuserit fiamdtions fenabl e
the fine-tuning of the mxjng.ratio of the bl end conponents, Pressure |et
down val VEQHITQWEH@I%SW“@ Sk‘é‘gl% PUFROSCR] ebNg se@,‘{qrggg%pgetﬁﬁf eé%{BHPaISYIffer
tank to c r e. ia-li I C | I t he
reactor ofRtoarentis Bat bREuRE o Hackin Pl ATREREredrng the CBABIRAL the ' 1R,

downst r eaR@RRAIPhIOP & HRAnA Fr IR IRE isB ﬂaﬁmylendﬁgt Pésuet nIa'{yl hddddtapent may
be optionally introduced prior to or into each buffer tank fo mnimze

further petparatedzmioroto reeysiede theandbligualrreactor drains &ic ther parathet bamkalofy, one
or nore static mxers positioned after the ;g&);i_ng poi n g‘ijt before the
separ at i ofeastrse| Inf gymmagn dhisgembodiaent may hegsimplen and dhus oy erCest ifeen

t he react {1l uent ing fed fromthe buffer ta . ' to the
single seg}[fr g‘fqa&#%&esggﬁfn’ g'étr &ayo%gé?érgl é)s?]é/ ﬁ{ F#es ngﬂoéﬁa%e%\ggﬁ&@%?ar y
embodi mente@iclif¥dob® SedtRinfothe Pré€essont rol of the blend ratio and quality
but w thout "the benefit of dedicated nonomer recovery provided by the
configuration depicted in FIG 7. As previously discussed, this enbodi nent

- 52 - [00113] FIG. 7 depicts an alternative exemplary embodiment of the fluid

phase in-line blending process disclosed herein in which each reactor train has a
dedicated separator vessel with the exception of one reactor effluent train where
all polymer-rich phases from the other reactors are combined in a high-pressure
separator that also serves as a blending vessel (also referred to as multiple
separation vessel operation). In this embodiment, for all but one of the reactor
trains (all but train n in FIG. 7), the single-stream high-pressure separator serves
as a separator to separate a polymer-enriched phase from a monomer-rich phase
in the reactor effluent stream. In order to keep the content of low molecular
weight components higher and thus to keep the viscosity of the polymer-
enriched phase lower, the single-stream high-pressure separators dedicated to the
individual reactor trains often operate at a somewhat higher pressure than the
one downstream high-pressure separator that serves both as a separator and as a
blender (separator-blender). Therefore, there is an optional pressure letdown
between these separators and the separator-blender. For the one high-pressure
separator (separator-blender) where the other polymer-rich phases are combined

and the reactor train effluent from one of the reactor trains is introduced (reactor



may i nprove the control of product blend ratio and hence product quaility,
but its buffer capacity may be limted. [00116] An alternative design

enpl oyi ngwbuhdsarsesig capability is depicted in FIG 9. FIPGI/U$2008/023260 at i on
of the multiple separation vessel operation depicted in FIG 7, and an
advant ageous version of the buffer-onlyspperation shown in FIG 8, presents
yet another alternative exenplary enbodi nent of the fluid phase in-line

bl endi ng process disclosed herein. In this exenplary enbodi nent the

si ngl e-stream hi gh-pressure separators .dedi cat ed the individual.reactor
raine ol BBTRnd S BhTHE SeRTRRL SoRBdidth o B er PRndsE pB PApRUHEETor
trains bu : r r [ : ' t | 5= 1
Separ at or “TUFATE FURALHS, CABLMRIE or Jna e il inpeUBeRFprior
super nat ars ofDined®ach i sepaiiies vessel, ichidigg the sepayarer-blender pbaméniptizer to
conveyance to a downstream bl endi ng separator. These single-stream

separ at or furtheti pelymgrizetipndiugsida dhe medymerizatien neactdmsor @pbionakdy,i ore by

allowing the | evel of,the denser po r-rich phase ve between an
upper a%d“é’rFoWé‘rtlcl iTR{xers THP%‘“BH?‘EeL’X@?)a&}?et yse%a;qmgw%ﬁ?qg]ev fFred™on in
t he pot enyyj t LOAS,: | j r.at " JAYA

o1 oo’ bibRstedt dfdhe dhiing phlif My BUEHIORAIE dhafloe MikirebkcBRhe
control opolyngerP@tly Phasdy 6ndhé atactor kRing 8AGIthE readtop train tdfBuBhOBf phessur e

separator (separator-blender) functions to separate the polyner-rich phase
from t he mactoretrain @bsquiiated With thee separatosrblenddrue @ptionabhy; s@meoror mlhnd

o B A BRSO BB S LR
buf feri . i4n-4 . l. t
Flows o e RdRIc ) B ofATRE Milloudlp (g RerhBiibede in oot BB TN

rates, ar Sn&Qﬂtth@Hegﬂré@(YrsE hfclRHRPUERd SEpdratiéh-blerdde tveksdll at thé deSired der to

mai ntain the desired blend ratios. Catalyst killing agent may be optionally

i nt r oducedalpej oe.,tabove thatselidafihids phascatransities seinperatuiesi off the polyniesr

pol ymeri zatjon within the separatqQr. Optiopally, one or, nore static m xers
posi ti oncHchathsses Dt bse@mir £i @eu&&og% of dhe @Féﬁmsn@tﬁapg NP to -
53 - enha LI - ki h t he
eactor olrdhg BF sERRELIBRICCTTE sllo R AR B Sk R hdeBR R 1 o,
heat and poEeRtiScHRBAGSRAGId phikes SAENfoRd IS lighter AGid pBases!t i PRe, and
controls may be applied as described for the previous enbodi nents. As in

al | procepmcesmbf this ambodimenpmaynhé advanthgeoss antheapididucties ofgpolymer

i ntroduced either prior or inéfg t he separat or- bl endi ng vessel or downstream

of it. [oblends gthah mddude differenindiqreeryBiess aly chdpapakymerts) t#d 1| ui d-

phase in-|j I i ng. pr s di S hereip 1y whi 0 th

paral | el ﬁéﬁf@%&‘r@?@gu g?’l tﬁ%ﬁﬁs %Pﬁ%oﬁl_eﬁgsrn FI (IAH 185“%&%2‘{,1’003@“&%&% pg]il‘ilmar
bl endi ng H&%ﬁﬂ%@ﬂiihtidﬂe_tfﬁﬁ@roﬁaﬁﬂé\’éj iBel(tin, owrﬁ-segam@{t(yﬁ and_the
slurry polynerization reginme. Thus in order to bring the polyner into a
di ssol vedcepaymehnizhtior trainl(oneonel efithergopelymerzationrtrahs linerase icf mooeight

into a heated stirred vessel. In_order toﬁﬁee the entire reactor effluent
in a densthanqeg aer trapsised) serves as arilendsic t die moppmess) irecovsEsdased

¢ orper at UL MBS S] dedter b sEMBR SRR TR B s By
afford pregiedppntidd) RRheldeT traRl(SF Withole k!t cipleRe |sgf>zﬁﬁti8ﬁaﬁo&ﬁ NH@EAL Ur es,
whi ch may provi de advantages 1 n certain polyner blend applications.

However, iromoticss @sutvaprassdcipeldywith siagleesepanatiten-blestdimg vesseldsperatitre pr one
to fouling and other operational issues. Other aspects of the in-line
bl endi ng preyéeusdy gdeseribsdd ndeaes, ongcedvantags -ty dhisk pmbodymentyds ¢ thae

descr | boameno nisabele® By soPREPE D g AORRCIRET cbl M hEBehoEY
yet anot hgloyBeliip2r WK AU IR s@farhtiéh vessel operation increases cost in the

separator section, it adds flexibility in the monomer recycle loops. In summary,



fluid phase in-line blending process disclosed herein in which one or nore
opti onal polyner and/or nore polyner additive storage tanks may be added to
t he procewe 2baostdie st orage and netering of other fl uidPpoluseerrs2ised

pol ymer additives to the bl ending vessel. Optional punp(s) may be used to
convey the polynmer(s) or polyner additiye(s) to the separator vessel for

bl ending. Note that - 54 - FIG 11 presents the particul ar enbodi nent
wherein the one or nore optional polyner and/or nore polyner additive

storage tagnks e.added to the single separatipn-hl ending vessel operation
£ bt £ DR cernRSIRISRE TgaY s anotst Cemehicated gnd Bigher! sl dnclBs SinsPat
opt i onal . I L g st orage tanks may be
added To SR buf Hiafbe SpfE i MEmRROER kBRI 00HR, 31 2l 80! S hout
deviating fromthe spirit of the fluid phase in-line blending process

di scl osed[h@rfi]n- Iiftd BothemBHdin®iid oPFIGL 6t D7 ereefie RameRinstionodi f i ers

and additives may be introduced in any part of the polyner finishing
section opolymer bimidirg add sseparationpof dhe tpolymer-pichdfrom theinsdriamerstchi on of
t he process discl osed, herein. her , aspect % of the in-line blendin rocess
di scl osedPhases; the §hewea§etwat:a|otb§m j6i dnvem bythei esanomics odi  §1VeieRta ng
pressure nmanagenent .. as _descriped in the, previ oy 4 | ent s,
ppl v hor Bronaang dsivEl BRG] sBT AR il oB SRR B SRS o RE B ERE ™ e
art of cheglirAkatfilPieCBRiqutd knbW6 iAtRE QSRS schematic details of the design of
the fluid ELase In-li neqbl endi ng process in terns of reactor configuration,
separator configuration, valving, heat managenent, etc. may be set

di f f er ent [00145]NOUtFIG:V8 Presemts badithehaliepdtive eterhplary levisbdimeste of the i ne
bl endi ng process di scl osed herein. The choice between different enbodi nents

of the pr i pheseliindings blendingiproowss| diseloged \hsreipyinpwduel tis rapvisiedance
St andar o SRGEAES,PHier BER SR TRbkerCPERBOR RS o i R deid des
di scl osed he iR Andde Y 1BRBORRNA difhuBhis/Sre! BBl 1iP'a SlgldXephitofl ! Ue

of reduce endl ng cost € to savings I n 1nvestnent an perati on costs,
and enabl bRrGdived Vessentdlsd tefdrraddo a0 simgdé f@sdratien Medset uperationweith bufedi ng to

yi el d enhanced pol yner bl end perfornmance. [00120] The processes discl osed

herei n pr tarkdp Eackiof ¢ae h\paralésd ypolpmprzatiery rdagtorHoaing emteusasiosdraskiisi cal

Super or | PREEA S Bh NS e ok i SRARISdppTinexuig I fi mixing ratio of
the blend components. Pressure let down valves may be positioned on the inlet
and outlet side of each buffer tank to control the in-line polymer blend
component flow. Optionally, the reactor effluents may be heated to maintain the
desired temperature in the downstream separator-blender as described above.
Catalyst killing agent may be optionally introduced prior to or into each buffer
tank to minimize further polymerization outside the polymerization reactors.
Optionally, one or more static mixers positioned after the mixing point but
before the separation vessel for blending may be utilized to enhance mixing
between the reactor effluents being fed from the buffer tanks. In comparison to
the single separation vessel operation of FIG. 6, this alternative exemplary
embodiment allows for more precise control of the blend ratio and quality but

without the benefit of dedicated monomer recovery provided by the

configuration depicted in FIG. 7. As previously discussed, this embodiment



- 55 - discussed in nore detail below, the efficient separation of nononer
and polyner is achieved by advantageously utilizing the cloud point
pressur e woaowsaispanat ure rel ati onshi ps for the rel evant rCpalsgovenisskef i ni c
nononer) or (copolyner/olefinic nononmer blend); e.g.

(pol ypropyl ene/ propyl ene nononer), (ethyl ene-propylene

copol yner/ et hyl ene- propyl ene nononer blend), etc. m xtures. [00121] For
illustration, cloud point curves are shown in FIGS. 13-22 for three

di fferent polypropy di. fferent, nol ecul

crystal | i Fi® wwvgggg%i?ﬁ:ogﬁzsg 1\1/%383?‘%@%%_3%{1 h%“.ce(pAEﬁ\r‘%tmv@i‘agtgé'; l{i‘}lrlg’di s a
come . - - .
SOt i o OuEE il Y B R 0587 530 & o t6 ke o 90 dgimin

avai |l abl e from ExxonMobi | Chem cal Conpany, Houston, Texas. ESCORENE PP
4062 is a rei g yiremmativatleRidrs Binpedyifig BRIFTRIHRPYAABAIaY depicted MR of
3.7 dg/ m P\ avail abl e fromlExxon}\%)bi I ﬁChyemgcal Cor%garﬁ, Il—tgustdgg, Texas. PP
45379 i s FIG. 9ot BIGi 8, poiayiatiopydfahe nhaltipteseparaiidd vésssDopeigtionrdepictediced
using a syp%orted netal |l ocene in a slurr merizati on process. Pol yner

Bl end For iulFAG. chsanghan pdyaniggeous yg@i@)ﬁ&gﬁé%afﬂer@p@hppﬁww (’_"Hbll?)r/rer
o ends e e B 15 o BBRRhB, Hinh hB P RECSE o TRIERC
e o iy GRIAES st gt Tt eyl i
i n-1ine bhendinple-ptromashigh-pressure separators dedicated to the individual reactor
trains also serve as buffer tanks. Referring to FIG. 9, for all reactor trains but n,
the reactor train effluent is fed to a dual-purpose separator-buffer for both
separation of the polymer-rich phase from the supernatant monomer-rich phase
and storage of polymer-rich phase prior to conveyance to a downstream blending
separator. These single-stream separators dedicated to individual reactor trains
afford buffering by allowing the level of the denser polymer-rich phase to move
between an upper and a lower limit. This buffer capacity allows for the
correction in the potential fluctuations in the production rates of the individual
in-line blend components and thus provides a means for a more precise control
of the polymer .blend ratio. For reactor train n, the high-pressure separator
(separator-blender) functions to separate the polymer-rich phase from the
monomer-rich phase for the reactor effluent from reactor n and also to blend the
polymer-rich phases from all reactors reactors (1, 2, through n in FIG. 9). From
a blend control point of view, there is no buffering for the in-line component n,
and thus all other blend component flows to the separator-blending vessel, and
ultimately their production rates, are controlled by the production rate in reactor
train n in order to maintain the desired blend ratios. Catalyst killing agent may
be optionally introduced prior to or into each separator vessel to minimize
further polymerization within the separator. Optionally, one or more static

mixers positioned before the separation vessel for blending may be utilized to



di scl osed herein may be used to provide bi- or nmulti-nodality to the
distributions of the nol ecular characteristics of resins enconpassed
her ei n. Nvo-2besmiseiimg exanpl es of such materials are bl erd3/useaoi/ozisne | ar
pol ymer conponents, but having different nol ecul ar weights, different

| evel s of incorporation of conononers,_glj fferent Ievels of nolecular
defects |li ke stereo- and regio- defects, and the like. The result of such
bi rodality is to produce an inproved suite of - 56 - properties in the

ond el Subag: kg BOwearn: BRI heTRentithg reactiey and dREHEREEr ance
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energy ra i on an Foper tl es of The res e wel ght

fractionsp ﬁéssﬁﬂéembﬂ@%éthéma{hepﬁrﬂé@énsﬁ@éfﬁﬁﬁﬁﬁtc‘bnﬁlgufdtﬁ)r@ sndisonmdl rhyy t he
fluid phase in-1line Dl endi n process disclosed herein may be simlar or

di f f er ent be Tapplied paedesotibadstati thel psevdoberesibodimentd. s oAdeiti wdl progesar

i mprovenents_from conbi pations nt materials i
di f f er ent SPRBBHRLOBRHSOPEG ] rmﬂdlﬁj 1ers Pn&@déﬁa‘fﬁaﬂeaxfbeal Bfla?é“ ﬁe}ﬁ%eflom end

made by the. fluyd &q&@r_%?ﬂdlﬂg‘}g%;ﬁn%mgvmg,g%sofqiscl osed herein includes

a mgjor frac PoR- d Pf RE Toder at e ol ecul ar wei ght pol yner
and a mnor fraction of a very h| gh nol ecul ar wei ght, el astoneric pol ymer

with | ow FIF 0117]! NhFIENL 16 pYSedld yé‘ﬂ hYoth&Pekémp m? -drhBodinftait fame! fuidl a
usef ul ymer blend made by the fluird phase in-1ine blending process

di scl osedphﬁeelmlmaclbledémgaprm;ess disdosedohexzin dnswhich bnagdxf theoparadlel i ng
pol ymer with a mnor fraction, of ahlﬁaly crystalline, g'l rreltln
pol yner . Belymerigasione traitsn (traif tli iy Ekanpl® produicgs ethg| PRBIMeFe nmade

by the fluid hase racess di.scl osed ;her ei a
maj or f r aEPTPROGHL 19 tﬁf’(jﬂ (gjipgltda]i’%}e&% ‘p°o|°yﬁ5‘11°wf{ eslw(ﬁoqy @?#I%ﬁl%of a
| ow or hest . I )| ris
non- ol ast e TR, TG AT Gleiipmer MRt RSONRR I IDR REWEE, 2
bl endi ng plendags the sedavsreeffheneinbpupht detof Dheatepstvred vessgler In esler smd
hence use in a wde array of applications, One such exenp Iar% but
non- | i ni t keep tepentaatreesior pEluant ie @i demse Alwid phase, dhe Pressuier ohteitepsteted

R TR T W MK Y S S
rosr ot SPLERY EmiyGs IAPYGAEH ISR KRGO At alinitniiily o0
by a propyiagneafforddy | productspokthehiglort anoleoglakr aveight and melting peak
temperatures, which may provide advantages in certain polymer blend
applications. However, the dissolution of polymer pellets adds cost and tends to
be prone to fouling and other operational issues. Other aspects of the in-line
blending process disclosed herein, such as catalyst killing, additive blending,
heat and pressure management, as described in the previously described

embodiments, apply hereto as well.

[00118] FIG. 11 presents still yet another exemplary embodiment of the
fluid phase in-line blending process disclosed herein in which one or more
optional polymer and/or more polymer additive storage tanks may be added to
the process for the storage and metering of other fluid polymers and polymer
additives to the blending vessel. Optional pump(s) may be used to convey the

polymer(s) or polymer additive(s) to the separator vessel for blending. Note that



-57- 8-16 wt %ethyl ene. The plastoner or high propyl ene copol yner
conponent of the blend provides superior initial ductility as well as

r et ent i orwof2oebuseiiii ty and tol erance of the sterilizi ngprcadisatoroesseo t he

bl end whil e the honopol ymer conponent inparts excellent strength, stiffness
and resistance to deformation at el evatgd tenperature to the blend. Polyner
bl ends of propyl ene honopol yner and et hyl ene pl ast oner or
propyl ene- et hyl ene copol yner are generally clearer or nearly as clear as

th bl d I h I t,. [.00126] Anot h I ,
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varil ous conversi on processes. n parltl CU? ar , by CcO I Nl ng | gh an ow

ol ecul ar s¥Rir§iién-Bl&idiheRessdlopeRdtior Wit bilfér &inks lcdhfiguratidif 6f #1G. 8.
proportion, the nol ecular weight distribution of the bl'end may be

si gni fi cabidweverpahierorechan oiorei optéonal rpblyimtn adnd/onpureeor . nibne pelymsr f or

bl endi ng the, hi gh and | qw nol ecul ar wei ght propyl ene 3 r upon
the desi r additivezstorage tanksonay headded t%hl%emcsﬁsqmee@rﬁtgfgﬂ%ﬁlﬁiés %ﬁﬁi_]d’;uch

br oader I r ] i I i Y . Lerl : pon bl ow
D oadel MR o R ST GAL ol P SHTRE TR RS BRASL  BpEheniben
than narr gysdes§Diig6ls8d N&eant Similatputdivnae! ¥ffbife prolicd!golymens of

t he pol yner conponents can have |ong chai n branching introduced t hr ough

addi ti on afodifierseaid additives ynay beliptreduresgia- aliyepart dfobhie a1 Bmier Ifinastonger

exenpl ary, but non-limtjing appljcati.on of where the polynmer bl ends, nade by
the fl ui dSeMRNeor An|g ﬁédwpgeﬁdﬁ%l%r BHeE $o dh%cﬂreg%r ﬁg}sgmg pEcteL Qb Ithe at i on

phe e } : b i . . N
bar 1 cul aPrFesh RS AER HREst (PtheE aSieet AEten P BRI BideeSERIsElROEC, 2"
this part hﬁf@iﬁ,r i gat éaRerygfiYkIlHﬁ Udgdditioa Sferidin®® Néat%ad prebduré

propyl ene honopol yner and/or a relatively stiff, |ow cononomer cont ai ni ng
propyl enencamagement, asdleseribedtin¥thd paevieuslyl descriieds eorhedimentsp ydppie

copol yner containi nlg 5-20 wt % of conononer, or conmononer- - 58 -

pr opyl enehereie as el -(l'i ke et hyl ene-propyl ene rubber). In applications
requiring clarity, incorporating into the polyner blend a mnor fraction of

hi ghl i bl e, et hy | ast | k h

2 m o et O, as il 365 BpREIERT opceRt ARINGT Foc RS T EPGHR) or
bl d i 4 | i 2 . . ) i
Chose wi t RrgR ek RE e E0CTRBaHE Rl RiqfIHE des BHCAT LTRSS FETHE e

Wi th whi cBldndfyg Procéss be tbhas dsf redorem @bhfikarationp ysepacatop ponfigar i,

exenplified by propyl ene-ethyl ene cogol ymers containing less than 16 wt %
| ess t hanvalving, Inat oranagementh ®tc.anay besset diffesently mithout deviating from the

spirit of the fluid-phase in-line blending process disclosed herein. The choice
between different embodiments of the processes disclosed herein will be driven
by product performance requirements and process economics, which can be
readily determined by standard engineering techniques. However, the in-line
blending processes disclosed herein are advantageous relative to the prior art by
the virtue of reduced blending cost due to savings in investment and operation
costs, and enabling well-controlled and cost-effective molecular-level blending

to yield enhanced polymer blend performance.

[00120] The processes disclosed herein provide an effective recycle pathway
for homogeneous supercritical olefin polymerization, an example of which is

bulk homogeneous supercritical propylene polymerization (SCPP). As will be



[00128] Still yet another exenplary, but non-limting application of where

t he pol yner bl ends nmade by the fluid phase in-line blending process

di scl osedwbenes/os2§1ind application are those where mat er PpalrajSc@quesseng a
conbi nati on of stiffness and inpact resistance and/or a conbinati on of heat
resistance and inpact resistance. A polygyer blend usefiil for these
applications are simlar in conposition to the blends specified for inpact
resi stant devices and packages. Moire particularly, polyner blends useful
for this particul.ar application y ipclude from60.to 99 wt 9% of a stiff
br opy ene RGP iBPRESRIRD Dl ok athEIe Serarstion ghmaeh and RV i ng
propyl ene: - %:af :.a .

Copol ymor (CATTayoa by A8Payta oty HHREIRNE Ul £ RSinE L ORPing REGRALERE

el ast oner rdlhfigwshepidrane releoant @odymePbRMhic fvmosidr) bP esshoysietedfinic

resi stance may be increased by I ncreasing the honmopol yner or stiff

copol ynmer nppomerrblend); eeg.ppolyproppleantropyene spemmunen)) (ethyleaeipippilene

resi stance g} be eig@r oved by increasi nq{th p] ast.omer, propyl ene copol yner
or ethyl eﬁ%Pn@ B eRerpERRYIERE MAnengr Blpad), eic, MIXHIES.-desi red bal ance of
product attributes may be acconplished by a carefiil balancing of the two
conponent 54129 . herein find application are those wh 2 A and/ or
package nﬁ%@%‘é stgrolr Ilpyétaattlﬁp’h?laﬁgtpe%ateF%WS?@rgﬁgogi%gl ﬁgg;tsabfeaeg%ﬁts Tand
abl e to Wi AR pRIBY R CYURAPRS hflithd UIBICA: YheTculde WeihiDhbRAS
usef ul fmﬁrtgﬁicgﬁggérti cu?%r gtg}e%at on may éncl ude fromc%S- an%th % of one
or nore stiystallinitizgodigselvednial/ propydaad yarel 8 cwtiénenisscaent 1625 RP #% af one
or nore plastoners, lowto no crystallinity propylene copolyners, and

et hyl ene- gp@wyereiedlyr ansilable mgtallecangroatalyzed) 1sntadticeRalypropHeRa fa¥ingny
device is ifed, one u rLate act 4 o he on re soft
conponent yﬂ?ﬁﬁ P’t’lﬂ&f Biaé%d% ZMQ'Waiﬁ %nﬁ%ﬁ) Q&neiclheﬁa' oﬁp%égﬂ??f
conponent gy lifh i ?TO% %Hopﬁ%&%%he%i@ﬂfjéoﬂﬁﬁhx,l Hfo%thornt‘ ’I%?(Qﬁr HSCORENE
application may also include a major fractioh of the soft conponents and

m nor fraPPi40620fs 4 bemsidrtiallyoaailable Hotddticqsoly ppydergehofing anyviR bfends

may include 5-90 wt % of the stiff polyner conponent and _10-95 wt % of the
o tI e %/ﬁﬂr ‘ | i raéIlta _tlab[eofm\itg :1 r %il IIEiélIr d aﬂ?u% T?)I(as" d
non-1im Q@BJC& 10 g ere egga nmer gns ﬁéé e qhkyd
phase i n-Han I e‘ﬁtﬁ"rféog‘rc & SOLYRoRYIehe ”%‘ég ap of 0 RPOEFEC £ i 1 s
whi ch are t.eguj r rel:at | | ow el evat ed

t enper at u}lgel‘?1 Legt Sr"g’(tgiof't]%d %%th%lg?%l% i(rPlit E{eq‘{;lrﬁl e{yﬂ{ﬁﬁlg ﬁhﬁll& gﬁerex%'e nperature. The
range of blend conpositions previously specified for soft, elevated

t enper at upglyrfé BleRQ!F sHMils@SnPantl Prodwresages woul d apply for this
particul ar type of fiTmappltcation. Simlar relationshi ps between

conpet i ng[Q0122r t | dMamndififérent ¢ypetsi afepolyagrsblonds mayr b¢ madeecby dhgp blvadht s
woul d al so, apply..for thjs applicafiqn. re, particulagly, a greater
fracti on Bhasehis-Lgpe¢ pje %@E?C%ér%ﬁﬁ%?ﬁdl\ﬁgﬁmgnér B frﬁél%ﬁ?aiﬁﬁﬁarlﬁty at
hi gher te o - gat fr W) : I .
conponent SRADEY Hb 57 LB nEi S el e °A BinbCFaBH0 o3 WicH s
strength gtfingd BRlest BHRES G b cidRO¥IAE Bldpd. pol ymeric materials may al so
be utilized as the soft conponent for the applications previously

descri bed. For exanpl e, propylene
[00123] Polymer blends produced by the fluid phase in-line blending process

disclosed herein may be used to provide bi- or multi-modality to the distributions
of the molecular characteristics of resins encompassed herein. Non-limiting
examples of such materials are blends with similar polymer components, but
having different molecular weights, different levels of incorporation of
comonomers, different levels of molecular defects like stereo- and regio- defects,

and the like. The result of such bimodality is to produce an improved suite of



honopol ynmers and | ow conononer copol yners containing relatively large -60
- quantities of chain defects such as stereo- and/or regio-defects nay be

used i n twe 2adsmsesrent i oned bl ends in place of or al ong RCThuStéve/opisast onmer s,
et hyl ene- propyl ene copol yners and ot her nodifiers. However, one distinction
between the high defect propylene homopgf ynmers and | ow conmononer copol yners
and the previously described plastoners, ethyl ene-propyl ene copol yners and
other nmodifiers is that high defect propylene hono- and copol yners provide
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t he af orenenti oned pol ynmer bl ends and t hei r advant ageous applications may

be nmade wta highterndegy sddiatjori andothesr properties of théreespsl ynmer bl ends provi ded by
fluid phase in-line blending process disclosed herein. Catal yst System

Overvi ew. ({100133] The in-1ine process for blending polyners disclosed
her ei n naf0QA24]i ze Theywaight dracions Alathgsindividualpolymerccqrapensndy) ip dhe s

catal ysts),in an f t,heqreactors of t al rizat Lon of
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also utilg; h _diffke a t $isOl tidr¥it mEv Aot detife t he
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It shoul dsipgilamiiapsiveatenth dtorhycombingtions fefi differeat mhatetialsyst snsilave onean

that any part of the catalyst systemcan vary and any conbination is
al | oned. Rifferentappoportions | Qnenbemrlimitisgeexample af@ yseluh Ralymer dlead yst
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minor fraction of a very high molecular weight, elastomeric polymer with low or
no inherent crystallinity. Another non-limiting example of a useful polymer
blend made by the fluid phase in-line blending process disclosed herein includes
a major fraction of a soft, tough, low melting polymer with a minor fraction of a
highly crystalline, high melting polymer. Still another non-limiting example of a
useful polymer blend made by the fluid phase in-line blending process disclosed
herein includes a major fraction of a highly crystalline polymer with a minor

fraction of a low or non-crystalline polymer where the low or non-crystalline

polymer is non-elastomeric.

[00125] The polymer blends made by the fluid phase in-line blending
process disclosed herein 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. Alternatively, the ethylene

plastomer may be replaced by a propylene-ethylene copolymer containing from



-61 - enbodi nents, the catalyst systens in sone reactor trains may conprise
Zi egl er-Nana catal ysts, while the catal yst systens in other reactor trains
of the i rnwernbisms2sanocess nay conprise netall ocenes or neomasadl7oeIsAeE

net al -centered, heteroaryl l|igand catal yst conpounds (where the netal is
chosen fromthe Goup 4, 5 6, the |lantbani de series, or the actinide
series of the Periodic Table of the Elenents) activated by al um noxane or
non- coordi nati ng ani on activators or any conbinations thereof. Wile the

nunber of different catalyst systems deployed in the invention processes
can be an$-Huwhép cthylgnes fPlﬁ%FOH’fPFé’rteiﬁ&]ﬁPF?Rb@e’éﬁ FPB?QHI“C%’E%RMO nd

nore part;cularly. . 44 i i LNgN
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than ten egbpntet 6f Ahet ferifeMO¥aBRt oA tQheDBIend hivhilel thes domhofsdlgmen t he
reactor bank of the polynerization process is advantageous for economc
reasons. ¢omponentommpartseexce ey strengthpktffaessi and tesistaacst tor defompatien at
honogeneously dissolved in the flujd_reaction di um orlﬁggryh form a

het er ogen&ksyatesolempesamise to the hlends aRebrmen blegds of Hrepy ORRRAIYVIERt . t he
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reactor, hearfMys Bfead upa_&rﬁﬁﬂeﬁae&ﬁwafetmno{)&%%lcmdmaess di scl osed

herei n may use any conbi nation of nogeneous and het erogeneous cat al yst
systens sinultaneously present in one or nore of the individual reactors of
the pol YTTF(I(WZB]i on Assthéorexeagilany, but on-kimytingaapplicatibnt bé whesenghe zat i on
section of the present invention nmay contain one or nore honbgeneous

catal yst pybmeers blandsomaderbyrohe fleide pbgsmdardinechleadjng psgeesendisclosed

si mul t anepusl|, .H?'I;Ee B[.ocess .di.scl osed herein may al so us an%t.clﬂnbl Qatl on
of honoge E{ﬁb‘gf ARBUEI R AR BV HR U FARVLTONROCTE W oy Y RAUTHAT DY

pol yrer i Z?{»fn%'fhihgé}ﬁ Rand 6w fY1 Jﬁ%@ef@ﬂ?ﬂreﬁigﬂe%?o 4 RCeRiRGGhiRF When
SONEe Or a reactors use a single catalyst a scenari 0s en sone or all

reactors gpeliffereat tﬂ?gpb@i@ﬁ, ¢lé¢ aholetularl h@ei%medﬁtrilﬁmicm ofitthé \hi¢xd degyl byed in
the - 62 - process disclosed herein may be supported on particles, which

ei t her canignefictinglycbroader thantef either individpabeomponent. it tatooior bigndiag
contained . n.,a statjonar at gl yst .bed. When the supported catal yst
parti cl esth§ digh sapﬂéir g%ﬁ %}fﬁ?ﬂ@a IWJ?‘&ET' éHBPY'(r‘}He W@Upﬁ?st‘i&uwnﬁﬁyu%%’ BFt in

the poly i: I e f t i Lts
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t t d ts, . .
Strue uremosilejgu glr \geigﬁJ chllsg?butlon polymers. Optionally, one of the polymer

components can have long chain branching introduced through addition of a

small quantity of alpha-omega-diene.

[00127] Still another exemplary, but non-limiting application of where the
polymer blends made by the fluid phase in-line blending process disclosed
herein find application is in devices and packaging materials requiring good
impact resistance, and particularly in low temperature environments. Polymer
blends useful for this particular application may include from 60 to 99 wt % of a
stiff propylene homopolymer and/or a relatively stiff, low comonomer
containing propylene copolymer and 1-40 wt % of an ethylene plastomer,

propylene copolymer containing 5-20 wt % of comonomer, or comonomer-
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di spersed particles, operations may take place w thout catalyst recovery
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di chl ori de (%Zr-MAO) at 120-130 t and 10 or 20 kpsi total pressure. The
figure sh8wa & waoethrenernity-equency i ndependent of catal yst concentration
suggesting first kinetic order for catalyst in honbgeneous supercritical

| i ' ith MAO acti s .
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composition to the blends specified for impact resistant devices and packages.
More particularly, polymer blends useful for this particular application may
include from 60 to 99 wt % of a stiff propylene homopolymer and/or a relatively
stiff, low comonomer containing propylene copolymer and 1-40 wt % of an
ethylene plastomer, propylene copolymer containing 5-20 wt % of comonomer,
or comonomer-propylene elastomer (like ethylene-propylene rubber). The
stiffness and heat resistance may be increased by increasing the homopolymer or
stiff copolymer portion of the polymer blend. Correspondingly, the impact
resistance may be improved by increasing the plastomer, propylene copolymer
or ethylene-propylene rubber portion of the blend. The desired balance of
product attributes may be accomplished by a careful balancing of the two

components.

[00129] Still yet another exemplary, but non-limiting application of where

the polymer blends made by the fluid phase in-line blending process disclosed
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can be dispersed in the fluid polynerization nediumor nmay be contained in
a - 65 -properties and the relative usages of the relative components would also apply
for this application. More particularly, a greater fraction of the stiff polymer
component may increase the seal integrity at higher temperatures, whereas a
greater fraction of the soft polymer component may improve seal formation at

lower temperatures and seal strength at normal temperatures.

[00131] Other polymeric materials may also be utilized as the soft
component for the applications previously described. For example, propylene

homopolymers and low comonomer copolymers containing relatively large
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and M xtures: [00142] The processes descri bed herein may use any

that “cat
engineering, variations to the aforementioned polymer blends and their

advantageous applications may be made without deviating from the spirit of the
polymer blends provided by fluid phase in-line blending process disclosed

herein.

Catalyst System Overview:

[00133] The in-line process for blending polymers disclosed herein may
utilize any number of catalyst systems (also referred to as catalysts) in any of the
reactors of the polymerization reactor section of the process. The in-line process
for blending polymers disclosed herein may also utilize the same or different
catalysts or catalyst mixtures in the different individual reactors of the reactor
bank of the present invention. It should be understood that by using different
catalyst systems we mean that any part of the catalyst system can vary and any
combination is allowed. For example, the invention 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
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- 66 - is sufficiently active under the polynerization conditions disclosed
herein. Thus, Goup-3-10 transition netals may form suitabl e pol ynerization
cat al yst swoAaossuistabl e ol ef i n pol yneri zati on catal yst w PCThS2@0l025820
coordinate to, or otherw se associate wth, an al kenyl unsaturation.
Illustrative, but not limting, olefin golynerization catalysts include
Ziegler Natta catal yst conpounds, netall ocene catal yst conpounds, |ate
transition nmetal catalyst conpounds, and other non-netall ocene catal yst

conmpounds. [00143]Di stinction shoul d nade between,active catal ysts, also
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1996. Metal l ocene catalysts in the sanme referenccle,arte\h descri bed as sixth
gener at i ofeasansl ysthe @i @idnprearatalysts deployed in the reactors may be

homogeneously dissolved in the fluid reaction medium or may form a
heterogeneous solid phase in the reactor. In one particular embodiment, the
catalyst(s) is (are) homogeneously dissolved in the fluid reaction medium.
When the catalyst is present as a solid phase in the polymerization reactor, it

may be supported or unsupported.

[00134] The process disclosed herein may use any combination of
homogeneous and heterogeneous catalyst systems simultaneously present in one
or more of the individual reactors of the polymerization reactor section, i.e., any
reactor of the polymerization section of the present invention may contain one or
more homogeneous catalyst systems and one or more heterogeneous catalyst
systems simultaneously. The process disclosed herein may also use any
combination of homogeneous and heterogeneous catalyst systems deployed in
the polymerization reactor section. These combinations comprise scenarios
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



-67 - non-netal |l ocene catal yst conmpound conprises nonnetal | ocene

netal -centered, heteroaryl |igand catal yst conpounds (where the netal is
chosen frwooéswsesioup 4, 5, 6, the | anthani de series, orcrhms2@crsseae
series of the Periodic Table of the Elenents). [00145]Just as in the case
of metallocene catal ysts, these nonnetagj ocene netal -centered, heteroaryl
| i gand cat al yst conpounds are typically made fresh by m xing a catal yst
precursor conpound with one or nore activators. Nonnetall ocene
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[00146] Particularly useful netallocene catalyst and non-netall ocene

catal yst thenfloidhrmctior médinm, dheyx mayebe left patheypabymeniopsxduct or poay1 b of

U S. Serial No. 10/667585 and par.agraphs [0173] t.o [0293], of, U,S. Seri al
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ref erence 1.T S [.Sscl [ Lt of
catal yor SN AL SEpRAAPE R A0S SAFHRET IF BRp SRk H feh e
pol yner. %etﬁﬂ).Cﬁtmley@&algytspmwaﬁ@%e@véreemn@rma hneighied digéarlyd or
precursor conpounds can be ‘enployed in the in-line blending processes to
al ter or smydn redgsiededithloy svittedut oegensratoon.ar properti es. For exanpl e,
m xed catal yst systens can control the nol ecul ar weight distribution of

i sotactic pol ypropyl ene when used with the invention processes or for the
i nvent i onl 1i;ﬁ[iers ercatalystmsyRIse e PPoHed HnHeiEuGHECdISURNOstSe QUFE AR n,

br ecur sor ToEBTRs QLGS SORBTETH S5F etk o aprudud FpblbigrebPlof WS <"
di fferent ,GaiAeHRA tBBiREY Wilen SRERAMATAEs SANsUpoReld] bptadion thhy & place
on dispersed particles. When the catalyst is supported on dispersed particles,
operations may take place without catalyst recovery i.c., the catalyst is left in the
polymeric vproduct. In another embodiment, unsupported catalysts may be

dissolved in the fluid reaction medium.

[00136] Catalyst systems may be introduced into the reactor by any number
of methods. For example, the catalyst may be introduced with the monomer-
containing feed or separately. Also, the catalyst(s) may be introduced through
one or multiple ports to the reactor. If multiple ports are used for introducing the
catalyst, those ports may be placed at essentially the same or at different
positions along the length of the reactor. If multiple ports are used for
introducing the catalyst, the composition and the amount of catalyst feed through
the individual ports may be the same or different. Adjustment in the amounts
and types of catalyst through the different ports enables the modulation of
polymer properties, such as for example, molecular weight distribution,

composition, composition distribution, and crystallinity.



- 68 - same or different activators and introduced into the polynerization
systemat the sane or different tinmes. These systens can al so, optionally,
be used wohoai/mses1i ncorporation to facilitate | ong chaiPaoThiS2000/0238g0 usi ng
m xed catal yst systens and high levels of vinyl termnated pol yners.
[00148] As discl osed herein, two or noregpf the above catal yst precursor
conpounds can be used together. Activators and Activation Methods for

Cat al yst Conpounds: [00149] The catal yst precursor conpounds descri bed
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dichloride (Q-Zr-MAO) at 120-130 °C and 10 or 20 kpsi total pressure. The
figure shows that turnover frequency independent of catalyst concentration
suggesting first kinetic order for catalyst in homogeneous supercritical propylene
polymerization ~ with ~ MAO-activated  (u-dimethylsilyl)bis(2-methyl-4-
phenylindenyl)zirconium dichloride (Q-Zr-MAO). Stated differently, the
monomer conversion rate is proportional to the concentration of the metallocene
component (expressed as Zr-concentration) of the catalyst system comprising the
(u-dimethylsilyl)bis(2-methyl-4-phenylindenyl)zirconium dichloride catalyst
precursor compound and the MAO activator (the latter employed in a 400:1
Al/Zr ratio).

Catalyst Compounds and Mixtures:

[00138] The in-line process for blending polymers disclosed herein may
utilize any number of catalyst systems (also referred to as catalysts) in any of the
reactors of the polymerization reactor section of the process. The in-line process
for blending polymers disclosed herein may also utilize the same or different
catalysts or catalyst mixtures in the different individual reactors of the reactor
bank of the present invention. It should be understood that by using different
catalyst systems we mean that any part of the catalyst system can vary and any
combination is allowed. For example, the invention 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
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Elements) activated by aluminoxane or non-coordinating anion activators or any

combinations thereof. While the number of different catalyst systems deployed
in the invention 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 given reactor is advantageous for economic reasons. The deployment of no
more than ten catalysts or the deployment of no more than six catalysts in the
reactor bank of the polymerization process is advantageous for economic
reasons. The one or more catalysts deployed in the reactors may be
homogeneously dissolved in the fluid reaction medium or may form a
heterogeneous solid phase in the reactor. In one particular embodiment, the
catalyst(s) is (are) homogeneously dissolved in the fluid reaction medium.
When the catalyst is present as a solid phase in the polymerization reactor, it

may be supported or unsupported.

[00139] The process disclosed herein may use any combination of
homogeneous and heterogeneous catalyst systems simultaneously present in one
or more of the individual reactors of the polymerization reactor section, i.e., any
reactor of the polymerization section of the present invention may contain one or
more homogeneous catalyst systems and one or more heterogeneous catalyst
systems simultaneously. The process disclosed herein may also use any
combination of homogeneous and heterogeneous catalyst systems deployed in
the polymerization reactor section. These combinations comprise scenarios
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
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4,968, 827, 5,329,032, 5,248,801, 5,235,081, - 69 - 476 Al, EP 0 279 586
Bl, EP O 516 476 A, EP 0 594 218 Al and WD 94/10180, all of which are
her ei n i rworpeveead by reference in their entirety. [O00PBEZ]UAb@N/023320
activator is an alum noxane (nodified or unnodified), some enbodi nents
sel ect the maxi num anount of activator_gg_a 5000-fold nolar excess Al/M
over the catalyst conpound (per netal catalytic site). The m ni num
activator-to-catal yst-conmpound is typically a 1:1 nolar ratio.

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.

[00140] The catalyst may also be supported on structured supports, such as
for example, monoliths comprising straight or tortuous channels, reactor walls,
and internal tubing. When the catalysts are supported, operation may take place
on dispersed particles. When the catalyst is supported on dispersed particles,
operations may take place without catalyst recovery i.e., the catalyst is left in the
polymeric product. In another embodiment, unsupported catalysts may be

dissolved in the fluid reaction medium.

[00141] Catalyst systems may be introduced into the reactor by any number
of methods. For example, the catalyst may be introduced with the monomer-
containing feed or separately. Also, the catalyst(s) may be introduced through
one or multiple ports to the reactor. If multiple ports are used for introdﬁcing the
catalyst, those ports may be placed at essentially the same or at different
positions along the length of the reactor. If multiple ports are used for
introducing the catalyst, the composition and the amount of catalyst feed through
the individual ports may be the same or different. Adjustment in the amounts
and types of catalyst through the different ports enables the modulation of
polymer properties, such as for example, molecular weight distribution,

composition, composition distribution, and crystallinity.

Catalyst Compounds and Mixtures:

[00142] The processes described herein may use any polymerization

catalyst capable of polymerizing the monomers disclosed herein if that catalyst



B. lonizing Activators: [00153]I1t is contenplated to use an ionizing or
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mul ti cycl iotherimise assonigteatiths wnsalkenyledsaturation. dlluytrativey it aidt dimiting,
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having 1 bfhe‘ifn%ﬁfrlh@fbll%eh'@%ta%?%ﬂnpoﬁﬁ@ihy| or mxtures thereof.
Alternately, the three groups "are hal ogenated, preferably fluorinated, -

70 - aryl groups.Alternately, the neutral stoichionetric activator is
trisperfl geops8]eny IDibtinctiorshduld spadd betoreenayptiky lcatady 4. also referred to as

catalyst systems herein, and catalyst precursor compounds. Catalyst systems are

active catalysts comprising one or more catalyst precursor compounds, one or
more catalyst activators, and optionally, one or more supports. Catalytic activity
is often expressed based on the concentration of the catalyst precursor
compounds without implying that the active catalyst is the precursor compound
alone. It should be understood that the catalyst precursor is inactive without
being contacted or being treated with a proper amount of activator. Similarly,
the catalyst activator is inactive without combining it with a proper amount of
precursor compound. As will become clear from the following description,
some activators are very efficient and can be used stoichiometrically, while some
others are used in excess, and in sometimes large excess, to achieve high
catalytic activity as expressed based on the concentration of the catalyst
precursor compounds.  Since some of these activators, for example
methylaluminoxane (MAOQ), 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.

[00144]  As disclosed herein, Ziegler-Natta catalysts are those referred to as
first, second, third, fourth, and fifth generation catalysts in the Propylene
Handbook, E.P. Moore, Jr., Ed., Hanser, New York, 1996. Metallocene catalysts

in the same reference are described as sixth generation catalysts. One exemplary



[ 00155] I onic stoichionmetric activator conpounds may contain an active
proton, or sone other cation associated with, but not coordinated to, or
only | ooswbyoesosesiinated to, the remaining ion of the i @eoraiseg7oesspound.
Such conpounds and the |ike are described in European patent publication
Nos. EP-A-0 570 982, EP-A-0 520 732, EPgA-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 appli.cation . .08/ 285,380, fi.led Aug. 1994, all of i ch

ot o herei ROPUPPRISRERS BHRBISE FOP e SmpESECnORRIFta NGBt HhealerSeret s

[ 00156] Act,i : Gl | S d A $ : MM I, her
the rol o SPEORYEIRaRS HRLET ORI bl B TR aE i s TR B ELnBlb
descri bed4as, b0 e lanthafidé aities, orthe Rtinddd Seriksedf e PériodieTabledf the
activators. [00157] Abstraction of formal neutral |igands may be achieved
with Lew Elemoents).t hat display an affinity for the formal neutral |igands.
These Lewis acids are typically unsaturated or weakly coordi nated. Exanpl es

of non-i ogha4 actl O[.S d ' 3
el enent aﬂdﬁﬁ [ SB%SY?%‘dinog{e&n?L% §§§§%téglr8%€/rfe) Q%tayu} étetlhtB%ﬁ ggnﬁafglg%bgp yl, or
a functi opmdtaldéehtered ] YiRtetdaryY ligdhd ¢datalybt 8b@pounds aré)eyd;tibmy imadeetreshene.

e

Non-ioni zi ng activators al so include weakly coordinat transition netal
conmpounds byumhixing | owatalysehtpretefson campbendswitho@nssioxo marenmactivaiorsxanpl es

R ot Pl ol e oo B

N (1, 5-cyGeeddi 8l 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), WO 03/040442 (pages 21 to 54), WO 2006/38628, and U.S.
Patent Application Serial No. 11/714,546, each of which is herein incorporated

by reference.

[00146] Particularly useful metallocene catalyst and non-metallocene
catalyst compounds are those disclosed in paragraphs [0081] to [0111] of U.S.
Serial No. 10/667585 and paragraphs [0173] to [0293] of U.S. Serial No.
11/177004, the paragraphs of which are herein incorporated by reference.

[00147] The processes disclosed herein can employ mixtures of catalyst
compounds to tailor the properties that are desired from the polymer. Mixed
catalyst systems prepared from more than one catalyst precursor compounds can
be employed in the in-line blending processes to alter or select desired physical
or molecular properties. For example, mixed catalyst systems can control the
molecular weight distribution of isotactic polypropylene when used with the
invention processes or for the invention polymers. In one embodiment of the
processes disclosed herein, the polymerization reaction(s) may be conducted
with two or more catalyst precursor compounds at the same time or in series. In

particular, two different catalyst precursor compounds can be activated with the



-71 - [00159] Additional neutral Lew s-acids are known in the art and w |
be suitable for abstracting formal neutral |igands. See in particular the
revi ew arwoche/dsysie. Y.-X. Chen and T. J. Marks, "Cocat @Cyatsg007oe5820

Met al - Cat al yzed A efin Polynerization: Activators, Activation Processes,
and Structure-Activity Relationships”, ghem Rev., 100, 1391-1434 (2000).
[ 00160] Sui t abl e non-ionizing activators 1nclude RI(R11)3, where RL is a
group 13 elenent and R' is a hydrogen, a hydrocarbyl, a substituted

bort L uor | SEEcr A BB [asB BioFCRMOitTRAReg dnis ths RAlymeseatian shedud e ri2) 3,
where R12 ] _ p rd f oy n - i.ani zin
bt vat o St AERRSmEs PEHES OIS Sin WGP BotOR A 6L Bdd Wi aicHE 2 "3
B( C6F5) 3. imddrpoftionl tv. fadititate Ab0g §héiﬂqiruﬂ@ih§ s #ighshi-eetcatalyst §ysitehsand
activators based on perfluoroaryl borane and pertluoroaryl borates such as

PhNMVe2H+ Biglclesels'of YiagHE M iratd] pobshers, and B(C6F03. [00162] Addi ti onal
activators that nay be used with the catal yst conpounds

[00148] As disclosed herein, two or more of the above catalyst precursor

compounds can be used together.

Activators and Activation Methods for Catalyst Compounds:

[00149] The catalyst precursor compounds described herein are combined

with activators for use as active catalysts herein.

[00150] 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.

A. Aluminoxane and Aluminum Alkyl Activators:

[00151] In one form, one or more aluminoxanes are utilized as an activator
in the in-line blending processes disclosed herein. Alkyl aluminoxanes,
sometimes called aluminoxanes in the art, are generally oligomeric compounds
containing --Al(R)--O-- subunits, where R is an alkyl group. Examples of
aluminoxanes include methylaluminoxane (MAO), modified methylaluminoxane
(MMAO), ethylaluminoxane and isobutylaluminoxane. Alkylaluminoxanes and
modified alkylaluminoxanes are suitable as catalyst activators, particularly when
the abstractable ligand is a halide. Mixtures of different aluminoxanes and
modified aluminoxanes may also 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, 5,204,419,
4,874,734, 4,924,018, 4,908,463, 4,968,827, 5,329,032, 5,248,801, 5,235,081,
5,157,137, 5,103,031 and European and PCT Patent Publication Nos. EP 0 561



di scl osed herein include those described in PCT patent publication No. WO
03/ 064433A1, which is incorporated by reference herein in its entirety.

[ 00163] Adwtotznesmabsiusef ul activators for use in the procesyas2aroeisesed
herein include clays that have been treated with acids (such as H2SO4) and
then conbined with nmetal alkyls (such agtriethylalumnun) as described in
US Patent No. 6,531,552 and EP Patent No. 1 160 261 Al, which are

i ncorporated by reference herein. [00164] Activators al so nay be supports

"1 e WAL BERD 14 15P R AR RN 1 GNP,
xaml s [RGldBeh R e IRl by refffence M MPLAGRYs "aci d- 11 eat ad
snectite group silicates. Additional exanples of the ion-exchange |ayered

silicate [owisge | a¥Be£Ihe! dctisatdSishay i aNmmokahe! (RGdifiedust whehodifiedy: 1
type structure"as described in "Clay Mnerals (Nendo Kobutsu Gaku)" witten
by Haruo Shineaembodimperits i schend the wwakmpm Shouet ofhadidedpr 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:

[00153] 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
use herein are neutral or ionic activators alone or in combination with

aluminoxane or modified aluminoxane activators.

[00154] Examples of neutral stoichiometric activators include tri-substituted
boron, aluminum, gallium and indium or mixtures thereof. The three substituent
groups are each independently selected from alkyls, alkenyls, halogen,
substituted alkyls, aryls, arylhalides, alkoxy and halides. The three groups are
independently selected from halogen, mono or multicyclic (including
halosubstituted) aryls, alkyls, and alkenyl compounds and mixtures thereof,
preferred are alkenyl groups having 1 to 20 carbon atoms, alkyl groups having 1
to 20 carbon atoms, alkoxy groups having 1 to 20 carbon atoms and aryl groups
having 3 to 20 carbon atoms (including substituted aryls). Alternately, the three
groups are alkyls having 1 to 4 carbon groups, phenyl, napthyl or mixtures
thereof. Alternately, the three groups are halogenated, preferably fluorinated,



[ 00165] Exanpl es of an ion-exchange | ayered silicate conprising the 1:1

| ayer as the main constituting |layer include kaolin group silicates such as
di ckite, wacenistos2sitaol i nite, netahall oysite, hall oysitepram/usb@7ioedseg and
serpentine group silicates such as chrysotile, lizaldite, antigorite or the
| i ke. Additional non-limting exanples_ff.the ion-exchange |ayered silicate
i ncl ude ion-exchange | ayered silicates conprising the 2:2 |ayer as the main
constituting layer include snmectite group silicates such as

nmontnorillonite, beidellite, nantraonite, saponite,, .hectaqrite,.stephensite
or the |iR®, vgmﬂpéuliteAime%glé'ilitBSt eBOWrRl, § I%Pmeéﬂﬂt%étb‘fatt?‘ﬁe Bike,
m ca group.:Si.lé i > nchte, glauconite or the

i ke, andaé teg%ﬁfrgﬁflgﬁﬂgﬁéb&ﬁglc{?}tg,@peggh%%rfag&l?}ﬁel%o?%%m onite, pyrophyllite,
talc, chlorites and the like. The clays are contacted with an acid, a salt,
an al kal i [oy55)xi dilghiRUsRHIOmetié YRYUThIN AARPOURs dy @Bhiadd BOBtIve
contai ning a conpound intercal atabl e between 1ayers of an ion-exchange

| ayer ed sptoton er sdhne bdtiteercatioat associmahsvithy butt natdocerdindted topoerandy

bet ween | ayers of a layered naterial, and thg material to be irpérgd ced is
cal | ed aslqpsgliespordinpedntp, WeoFemamdag ipneat (thet iONIZRE JCAUPRAYRENDUER sal t

Loce rent chieaL G ML UEHSUIR n iR SR Ch B R B
conpound 400 BalYgR, 2 AR0eS 07932, [P 10.6] 495 3n9tBRIB {-0r 500 big, BPLANERT7at i On
systens conprise less than 5 weight % pol ar species, or |ess than 4 weight
% or | es8038had EP-ed@N7 004,andlésSs Paban Nosasi, i, 194, 0t98,46%, 50686,74 lvei ght
% or less than 1000 Iang or less than 750 2me or less than 500 ppm or
| ess t han3200, ¥87m>, 41,0225 8R429P0andh pp02624 ard U.Banatcpt gpplication Ngs t han

10 ppm Pgl ar ci&s (i pcl ude gef} contai.nin - .73 11 CoNpoun (except
for al umggﬁgé)%%?m egsﬂﬂg'cghé%)f’ Bﬁy%tg fhlﬁl’eﬁ{)‘%QS{GIQﬁHBP{y@g&P%gﬁ%&&Y esters
and et her gofefd@d67] 1 n yet another form the polymerization systems conprise
| ess than 5 weight %trinethylalum numand/or triethylalum num or |ess
than 4 wei ght

C. Non-Ionizing Activators:

[00156] Activators are typically strong Lewis-acids which may play either
the role of ionizing or non-ionizing activator. Activators previously described as

ionizing activators may also be used as non-ionizing activators.

[00157] Abstraction of formal neutral ligands may be achieved with Lewis
acids that display an affinity for the formal neutral ligands. These Lewis acids
are typically unsaturated or weakly coordinated. Examples of 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. Non-ionizing activators also
include weakly coordinated transition metal compounds such as low valent

olefin complexes.

[00158] Non-limiting examples of non-ionizing activators include BMe;,
BEt;, B(iBu);, BPh;, B(C¢Fs);, AlMe;, AlEt;, Al(iBu);, AlPh;, B(C¢Fs)s,

aluminoxane, CuCl, Ni(1,5-cyclooctadiene),.



or less than 3 weight % or less than 2 weight % or less than 1 weight %
or less than 1000 ppm or less than 750 ppm or |ess than 500 ppm or |ess
t han 250 wpreposms23diess t han 100 ppm or |ess than 50 ppmpCorusk@ss2isban 10
ppm [00168]In still yet another form the polynerization systens conprise
met hyl al um noxane and | ess than 5 wei ghfy % trinmethyl al um num and or
triethylalum num or less than 4 weight % or less than 3 weight % or |ess
than 2 weight cro, or less than 1 vvei ght % or less than 1000 ppm or |ess

th 750 | t h 500 t 250 St 100
ppﬁ]n or I@’ﬁian 2 qal oPe‘F s W%a‘i 55 hﬁt%&é@f&’r@ aﬁrar}cf Il F Rdi ng
processes ﬁliltgﬁﬁé ﬁ@fdakﬁﬁ"égﬁ g%‘fﬂs%eurgfell%ggﬂhy' dgge 1ﬁﬁ§aﬁ‘%ﬁﬁg that @lv¥sis to

prepare propy exene~ copo eater t 1.0 nole %

1- hexene. ahftledsi B, on.-X0 ¢hék€|a‘{1dd1l"vIJdMaMpp'@dcﬁtalyms | foneMtadCitakyzed
processes discl osed herein may use funed silica supports i n which the

support p&Mefic Polyinerigatéion:nAgtivatogs ActivatzooProsgssesoand (hructars-AcH¥RY ons,
smal | eno orma colloid i Q dia. Catalyst Supports:
[00170] | nii&E?émé lplsorﬁ?rbemh eaatlﬁpyiﬁﬁ-ﬁ%éés(?{){]@)ns of fluid phase in-line
bl endi ng processes disclosed herein may include a support naterial or
carrier. b qne o . nor e cat dud a)agn onoeor
m)re acti E@hﬁ 5$eu‘é)t3 Ee B8§|1981&"2§1a B%%ttoggc%ﬁidu ort 2ed bonded
; pportls gﬁh@g;g gggmehh' nd aRS0riged iy dARESY, bsdhyarocafbﬂn a ombsatuta@re
u | .
hydrocarbyl, or a functional group. Typically, R'! is an arene or a perfluorinated

arene.

[00161] Other non-ionizing activators include B(R'%);, where R'? is an arene
or a perfluorinated arene. Alternately, non-ionizing activators include B(CsHs);
and B(C¢Fs);. Another non-ionizing activator is B(CeFs);.  Alternately,
activators include ionizing and non-ionizing activators based on perfluoroaryl
borane and perfluoroaryl borates such as PhNMe,H" B(CgFs)s, (CeHs)C'
B(C¢Fs)s', and B(CgFs)s.

[00162] Additional activators that may be used with the catalyst compounds
disclosed herein include those described in PCT patent publication No. WO
03/064433A1, which is incorporated by reference herein in its entirety.

[00163] Additional useful activators for use in the processes disclosed
herein include clays that have been treated with acids (such as H,SO4) and then
combined with metal alkyls (such as triethylaluminum) as described in US
Patent No. 6,531,552 and EP Patent No. 1 160 261 Al, which are incorporated

by reference herein.

[00164] 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



- 74 - [00171] The support material may be any of the conventional support
materials. In one form the supported material nmay be a porous support

mat er i al ,wbanosme23ipl e, talc, inorganic oxides and i nor gaoirasedoeisdes.

O her support materials may include resinous support nmaterials such as

pol ystyrene, functionalized or crosslimged organic supports, such as

pol ystyrene divinyl benzene polyol efins or polyneric conpounds, zeolites,
cl ays, or any other organic or inorganic support material and the like, or

m xtures thereof. [0Q172]Useful supgort materjals are inorganic oxides that
i ncl ude t RYERlEFAAH- %owlralrms,exj@@%ﬁﬁs nelie sherpicalfdreatsl SRECHis EHPUP e

e MR i e DR R0 gy ity bR oo
M Xtures tReHARk: 1afdredIsilicaé li'ﬂlclﬁé!@ﬂléé'etréd hnwat&qlm,g@gsj 2, tybé sBOCAIe o
d at ent No. 5, 965,

zirconi a, magnési um chloride (U. S 477), nontnorillonite
( Eur opeana P etypeNstrudireBas GleSdrib&b5n , "Glay | Miséralsc A¥end o &odbutes Gakal)e

clays (U S. Patent.  No. 6,034,187) and the |like. Al so, cophinations of these
support ntrétangys Hagyo §glra§ea,l ?mmhsgﬁﬁﬁpn@al%w S@ate@hm th

silica-alumna, silica-titania and the |like. Additional support materials
may inclu se perous,acrylic. pol rs descri;bed i.n Euro tiept No.
EP 0 767 E@ﬂ%ﬁ wh ECAMRIEY oL anoighseehangs g?%erBQ Siisats soobprif he o0 o
mat er.i al sy§ j; : [ i 13 i ogel s
as descri !)dg%? %ﬁﬁ&)ﬁ%@? g@%g(%g:ﬁhé%ﬁaﬁllﬁ‘?ggé g?@ﬂrégg??%éﬁé?ﬁ% %hgﬁﬁlggtldéﬁé )

5, 972, 510na¢ritep Kaplinite C mizealddlositechalloysitt bn tNO 184, a1 derpehiind groep al |

herein incorporated by reference. [00173] The support material, for exanple
an i nor gasilicategi sheh pachaysniile.abisalditea antigerite parthe like f rdddidionat npp-t o

cbout 7O BEhl, BB T A T Sk SSch IR Serh SRle e BbigPogithetag oo/
L o et WIERR R A 102 I kT S i Maos o
cc/ g and amecagegioaptsilidatessuch & monomositionite ObéideNive,atmitoride, sapdtfite,
hectorite, stephensite or the like, vermiculite group silicates such as vermiculite
or the like, mica group silicates such as mica, illite, sericite, glauconite or the
like, and attapulgite, sepiolite, palygorskite, bentonite, pyrophyllite, talc,
chlorites and the like. The clays are contacted with an acid, a salt, an alkali, an
oxidizing agent, a reducing agent or a treating agent containing a compound
intercalatable between layers of an ion-exchange layered silicate.  The
intercalation means to introduce other material between layers of a layered
material, and the material to be introduced is called as a guest compound.
Among these treatments, acid treatment or salt treatment is particularly

advantageous.  The treated clay may then be contacted with an activator

compound, such as TEAL, and the catalyst compound to polymerize olefins.

[00166] In another form, the polymerization systems comprise less than 5
weight % polar species, 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 ppm, or less than 500 ppm, or less than 250 ppm, or less than 100 ppm, or

less than 50 ppm, or less than 10 ppm. Polar species include oxygen containing



pm In another form the surface area of the support material is in the
range i s fromabout 100 to about 400 nR/g, pore volunme fromabout 0 to
about 3. Owocbhgp/mesiiaver age particle size is fromabout @CcOASc@7aksae 10 pm
[ 00174] Non- por ous supports may al so be used as supports in the processes
descri bed herein. For exanple, in a ongzgnbodi ment the nonporous, funed
silica supports described in U S. Pat. No. 6,590,055 my be used and is

i ncorporated by reference herein. Scavengers: [00175] Conpounds t hat

of pol yreFPEROLBHS (EGePY ioEs SHORERST coH ot SlEhIeatvegnt Hepnés© °'
activity. al%é@gggsgggﬁisn@%eﬁg‘h&p&hgggl ly fed to the reactor(s) of the in-line

bl endi ng pro I SCl ose ereln. Catalytic activity may be defi ned many
di fferent ways. For exanple, catalytic activity can be expressed as

turnover fO®BYYNCY. Ih y8t anéther m&iﬁ’ﬂﬁth? QblyegsatRin SRAGAT EOmMPRRY¥GEdsatlan o t he

product in a unit ',[I me by one nole of “cdtal yst precursor enployed in
pr epar i ng5tweight t% teineathplajierhirmys tandforFvietlay lglunginung awrt kess olar dt weighéit t he
sane residence tine, catalytic activjty may, %I so be nmeasured in terns of

catal yst photuess then3d weightorps or Igssdhan esweighh2o.tordesi I ¥yeight onOF nade

by a unit,weight cat al vst eCUISQr W | t h | t he
activator !esfé% é?‘fi%gpgkﬁi?ﬁ@ﬁgn :“} 3§ p&)grg ‘#‘ﬁe?{@\g&weé%@s SfjlY%(g:Iq%&snegg%er ein
may be di hHRT] @lesshBAR 60 ppRITRAUBE thhn S0GPrh 6 1634 Haksto gl vat or . _
Non-limtinhg exenplary scavengers include diethyl zinc, and al kyl alum num
conpounds, such as trinethyl alumnum triethyl alumnum tri-isobutyl

al um num [GOMB8]r i ocly! still wet randtherh éoragatten gelymaryzaioso spstetisecsmpeisas t he
catal yst activator and is generally applied in excess of what is needed to
fully act methgatuminoxan¢ yand lesesthar cavwicights % nrimedyldumiavm @ed OF ni t ed

}[ ﬁt r 2113 21 eﬁ%tﬁ?{%ﬁgnfrﬁ%,t %fleg\; ﬁ}%ﬂ%ge?g .t %,X 8t fess HA% 3 {:V%\l/gehr{g,g,r of Tebs ?l|1asr102 be
weight %, or less than 1 weight %, or less than 1000 ppm, or less than 750 ppm,
or less than 500 ppm, or less than 250 ppm, or less than 100 ppm, or less than 50
ppm, or less than 10 ppm.

[00169] The in-line blending processes disclosed herein may use finely
divided, supported catalysts to prepare propylene/l-hexene copolymers with
greater than 1.0 mole % 1-hexene. In addition to finely divided supports, in-line
blending processes disclosed herein may use fumed silica supports in which the
support particle diameter may range from 200 angstroms to 1500 angstroms,

small enough to form a colloid with reaction media.

Catalyst Supports:

[00170] In another form, the catalyst compositions of fluid phase in-line
blending processes 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.



- 76 - mononer feed or with any other feed stream In one particul ar

enbodi nent, the scavenger is introduced with the nononer-containing feed.
The scavewg@enosmaysibe honogeneously di ssolved in the pol pyoenisz@uioess2e¢ eact i on
medi um or may form a separate solid phase. In one particul ar enbodi nent,
scavengers are dissolved in the polynerjgati on nmedi um Pol ynerization
Mononmers and Conononers: [00177] The processes di scl osed herein may be used
to pol ynmerize any nonomer havi ng one or nore (non-conjugated) aliphatic

doubl e b d tons, Mo f inth

T e RGN Mg oS sSPRTE| BAETA HTYanEe DN e, castentiatl grapor

a-ol ef i Ak i R L les..i t , A -1,
and decenBibstiily, ThbhPTofH R oFPROREY siRetThl AP be & OIS Sipnde rBALARC O
and vi nyl gyclepiy@pii)ethlc, NioreaHic Uakitles adide isgdmionchlonides.ngOek@msipsorit ncl ude

vi nyl cycl ohexene, dicycl opentadi ene); aa-dienes (non-limting exanples
i nci ude 1maSetials adiayneinclyde orssiiusnesppportc |matetiflsnssuchoras| i palystieenex anpl es

i ncl ude cycl opent.eng, cycl ohexepe); and norbonene 00178] .The prpcesses

i Scl osedTvRAtIONALiAet of6 YRSSUMKS (RIEgRE: SUPARy HitDaar BULOAGHb ARV Ty
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al t er nat ebygdnkc _z)pirfa%garﬁb%ﬁbgém nlderibl AsEafedske]ios phinaads tesrednh may al so be
used to polynerize ITinear, branched or cyclic al pha-olefins including C3 to
C100 al pha-olefins, alternatively C3 to C60 al pha-olefins, alternately C3

to Co al p[EO1M2}f i ndJsefihlt eupysdrt unhterials are @drgahighaxilesf thas include those

alternatively C3 to Cl2 al pha-olefins. Suitabl e olefin nonqners y be one
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publication No. WO 99/60033), silica-alumina and mixtures thereof. Other
useful supports include magnesia, titania, zirconia, magnesium chloride (U.S.
Patent No. 5,965,477), montmorillonite (European Patent No. EP-B1 0 511 665),
phyllosilicate, zeolites, talc, clays (U.S. Patent No. 6,034,187) and the like.
Also, combinations of these support materials may be used, for example, silica-
chromium, silica-alumina, silica-titania and the like. Additional support
materials may include those porous acrylic polymers described in European
Patent No. EP 0 767 184 B1, which is incorporated herein by reference. Other
support materials include nanocomposites as described in PCT WO 99/47598,
aerogels as described in WO 99/48605, spherulites as described in U.S. Pat. No.
5,972,510 and polymeric beads as described in WO 99/50311, which are all

herein incorporated by reference.

[00173] The support material, for example an inorganic oxide, has a
surface area in the range of from about 10 to about 700 m?/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 particle size of from about 0.02 to about 20



C30 prochiral al pha-olefins or C5 to C30 ring containing olefins or

conbi nati ons thereof capable of being polynerized by either stereospecific
and nonstwpeoespsesifii c catal ysts. Prochiral, as used her ecm/Usc@fi7m2382¢ O
nmononers that favor the formation of isotactic or syndiotactic pol ynmer when
pol ynerized using stereospecific catalyg4(s). [00180] O her nononers for use
with the in-line blending process disclosed herein nay al so incl ude

aronmat i c- group-cont ai ni ng nononers containing up to 30 carbon atons.

S 20 SO Lo CONEL DA IRUSIFES SOIBE Rl € B et o™
o SRo8eu ofTa 9BLE W7 i G 6B Mo CAPaSRR SONOR

af ter pol YR hvéRizk Parti¢1BRiA 8 TRith @bdht 0O2Ubaboat PeRgant from the pol yner
backbone. The aromati c-group contai ning nononmer may further be substituted

with one or nore hydrocarbyl groups including but not limted to C1L to C10
al kyl gr og@G174§ddi INem-pbtoust suppadisanaytalsoulys usédias supportsyinbthe] prioceskes o f or m
aring structure. Aromatic-group-containing nononers may al so contain at
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4- phenyl - 1-b (t)%% gﬂg@fgﬁnfﬁq%gﬁ?éne. [ 00181] Non aromatic cyclic group
contai ni ng nononers may al so be used in the processes disclosed herein.
These nongaRvéng®Ry: i nclude up to 30 carbon atoms. Suitable non-aromatic
cyclic group containing nononers may have at |east one polynerizable
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cycl ohexene, cycl obut'ene, and vi nyl adanant ane. [00182] Di ol efi n nononers may
al so be usemyi différenprwayss sdéordiexempdgdcatalytic activity can be expressed as
turnover frequency, i.e., the number of moles of monomers converted to the
product in a unit time by one mole of catalyst precursor employed in preparing
the active catalyst system. For a given reactor operating at the same residence
time, catalytic activity may also be measured in terms of catalyst productivity,
customarily expressed as the weight of polymer made by a unit weight of

catalyst precursor with or without the weight of the activator.

[00176] 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



herein. These diol efin nononers include any hydrocarbon structure, or
alternatively C4 to C30, having at |east two unsaturated bonds, wherein at
| east t wowofoesms2aamsat ur at ed bonds are readily incorpor aCedscewo2ss2pol yner
by either a stereospecific or a non-stereospecific catalyst(s). The

diol efin nonomers nmay al so be sel ected 44om al pha, onega-di ene nmononers
(i.e. di-vinyl nononers), alternatively |inear di-vinyl nononmers contai ning
from4 to 30 carbon atons. Non-limting exenplary dienes include butadiene,

pent adi ene, hexadie tadl ne, di en nonadi.en decadi :
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1, 7- oct adfeme,a sepamtmnadiiérphase, 9lnlemedpertisular, embodirdenta dicanengers are

1, 11- dodecadi ene, i decadi ene,,. 1, 13-t etradecadi ene,. and | ow nol ecul ar
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[00179] In another embodiment of the processes disclosed herein, the

polymer produced herein is a copolymer of one or more linear or branched C; to



conponents are carried out in bulk nononmer phases, i.e., wth conbi ned
reactor feeds conprising inert solvent/diluent at |l ess than 40 wt c/o, or

| esst han 8O0 2048/082510r | ess than 20 wt % or |ess than 15Pe/UvR000/023826s t han
10w % or less than 5w % or even less than 1w % - 80 - [00186]In a
particul ar enbodi ment, ethyl ene-propyl epe. copol yner bl end conponents are
made with essentially diluent-free nononer feeds containing 118 wt %

et hyl ene and 75-99 wt % propyl ene. I n another enbodi nent,

et hyl ene- pr opyl ene copol bl end, c onents are pr ced with. essentially
di | uent - f epwﬁw?é@?ﬁ?eég%érﬂfa' nfh§eIHg Wnt%‘&ﬂé) Bfﬁqug’ﬁe‘?rl?o’?} "ﬁ@?@ﬁe- 1
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units. Polyners produced by the processes disclosed herein include

honopol ynthes formatiqo|ofimisosaatic anysynidistaetialpplymenrwhen spolyoetiged | usinge
enbodi ment of the process s) di scl osed herein, the polynmer is a honopol yner
of any C3S{EEBPSCl lcrﬂ?éalbﬂF'Zﬂn, or a honmopol ymer of propyl ene. In anot her
enbodi nent the polyner is a copolyner conprising propylene and ethyl ene

wherein t ol y conprises J ess than,70 i % et hyl ene,: SsS

t han 60 U Yoy et F’éﬂ@og?erf efg%“?%%&‘4%‘ev€8¥@h‘?q g&né{%pkeéﬁggs glrngoeség t han
20 wei ght ot BYALARO ihElAROABHatRINOUEHtaihity RRINGMRETs | contaifiipOhy 6T
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| n anot he@0e¢deben ratois. t Baitableohrphetik-gwuprcattainirgz oomumersdcahpfise at
conononers, alternatively one or nore C6 to C40 non-conjugated di ol efins,
al t er nat i leaisl opgeargmatisy stragturey diernately dremeeane to three, and alternately a

phenyl, indenyl, fluorenyl, or naphthyl moiety. The aromatic-group-containing

monomer further comprises at least one polymerizable double bond such that
after polymerization, the aromatic structure is pendant from the polymer
backbone. The aromatic-group containing monomer may further be substituted
with one or more hydrocarbyl groups including but not limited to C, to Cyg alkyl
groups. Additionally two adjacent substitutions may be joined to form a ring
structure. Aromatic-group-containing monomers may also contain at least one
aromatic structure appended to a polymerizable olefinic moiety. Non-limiting
exemplary aromatic monomers include styrene, alpha-methylstyrene, para-
alkylstyrenes, vinyltoluenes, vinylnaphthalene, allyl benzene, and indene, and

alternatively styrene, paramethyl styrene, 4-phenyl-1-butene and allyl benzene.

[00181] 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,



[ 00189] I n anot her enbodi nent of the processes disclosed herein, the one or
nore pol yner bl end conponents are a copol yner of ethylene, propylene, or
ot her hi gWerzoed/ostsim and optionally any third nononer, typiraskéog/oasset her

hi gher ol efin, such as &4 to C20 |inear, branched or cyclic nononers. In
anot her enbodi ment, the one or nore polygrer blend conponents produced
herein are a -81 - copolyner of ethylene and one or nore of propyl ene,
but ene, pentene, hexene, heptene, octene, nonene, decene, dodecene,

4- et hyl - pentene-1, 3-nethyl. .pentene-1, and 3,5, 5-tri.met hyl hexene 1. In
still anoVHBHNe B‘Eﬁnr?ente,tﬂ%ﬁég%e W?b%f:%e’pow PeBﬁaQ}ﬁﬂlecorfﬁ'&ﬁ(&?ﬁ“genﬁr oduced
herein ar r.o r nore of ethylene, butene,
pent ene, E%@gﬁg)?e%%g?@ﬁgpte@gt%&e,sgﬁ'(l)%{ehg%%mg%ééene, dodecene,

4-met hyl - pentene-1, 3-methyl-pentene-1, and 3,5, 5-trinethyl hexene-1. In
still yet L@mi er eNBRAIIMdnorh&l3 ARG HlsoNBY @isP@! i Me ProRREseSOHREIEEd S
produced herel i are a copolyner of a"C4 or higher olefin and one or nore of
et hyl ene, herfeimy| €ftegsebdiclefin peonoamers Ictwde, arye tyeinrecarboh e seuctaon ene,
decene, dodecene, 4-nethyl-pentene-1, 3-nethyl-pentene-1,

d,
3, 5, 5- t ri AerptiMelyefe 2 CH0baviop 3t lgast v uakaiuEated honds, wﬁgr%m Gt deasts

di | d h i he c d i hed i | % of
C v St Cron g ot vt EREE bRARE fd GRSy EFoBMRE B0 pOBRRE: BY cffRea o] @
the pol yﬁ@{erédgg/qp&&ﬁeéf adhdn-§tete eaﬁ%rca%lgat@}. gthef dioB AP MidhoRerdGhey % of

50 to 90 nole or 60 to 80 nole % and conononer present at fromb5 to
40 nol e %alserbel Seleote@Ofronl alpia, omea-diond tnomdmery) (izndiavinydr monomers)pr esent
at fromO to 10 nole % or fromO0.5 to 5 nole % _ or froml to 3 nmole %
Such copoBliematisekyntinear diovisyhanoromers eentaisang Ifforprbdodicorhon atgas.
conononer l.S.(are resent .between . 0,1 and 85 nole %.n t combi ned
feeds to i\ﬁ}él'fr‘@éﬁ?%rz’ﬁ%zpf? t HEETES p SRSHge ssu%gmi] PENtAHIS o, %?gibwel’rent of

the pr Oceﬁggr%pgh%?' %éﬁﬁié}ﬁ:r eirfanaaia:ﬂlef i Hé{:ad?&‘ﬂ@,”eﬁncfe‘é%‘ffehé,esd%é‘ca@'ied@r e of

any C3 to ear branchéd or cyclic alpha -olefins, 1ncluding propyl ene,

but ene, (atdecatlenesaswadedaldisnenfpentadutadivne( drekadéedadiamyehepthderadidne,
hexene (and all isomers thereof), heptene (and all| isoners thereof), and
oct ene ( anctadecadiensrer Ronasdscadicne, piedsedieag, ndesgicosadigne.uddopesdiingne,
1- butene,  1- heéene, 1- octene, cycl ?hexe e, cyhcl ooct pe, hﬁxatdi ene.

cycl ohexalli¢asadiens, itRiraggsadiene, “pentacosadiene, "hexacosadierie, heptacosadiene,

octacosadiene, nonacosadiene, triacontadiene, particularly preferred dienes

include 1,6-heptadiene, 1,7-octadiene, 1,8-nonadiene, 1,9-decadiene, 1,10-
undecadiene, 1,11-dodecadiene, 1,12-tridecadiene, 1,13-tetradecadiene, and low
molecular weight polybutadienes (M,, less than 1000 g/mol). Non-limiting
exemplary cyclic dienes include cyclopentadiene, vinylnorbornene,
norbornadiene, ethylidene norbornene, divinylbenzene, dicyclopentadiene or
higher ring containing diolefins with or without substituents at various ring

positions.

[00183] Non-limiting examples of polar 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-heptadienal, acrylic acid,

vinylacetic acid, 4-pentenoic acid, 2,2-dimethyl-4-pentenoic acid, 6-heptenoic



- 82 - [00192] I n anot her enbodi ment of the processes disclosed herein, the
conononer conprises one or nore of any C2 to C40 linear, branched or cyclic
al pha- ol evoresog(gsesavi ded et hyl ene, if present, is presenPCatuS200moRs26 or

| ess), including ethylene, propylene, butene, pentene, hexene, heptene, and
octene, nonene, decene, undecene, dodecmpne, hexadecene, butadiene,

hexadi ene, hept adi ene, pentadi ene, octadi ene, nonadi ene, decadi ene,

dodecadi ene, styrene, 3,5,5-trinethyl hexene-1, 3-nethyl pentene-1,

4- et hyl pentene- 1, cycl opgnt adi ene, d cycl ohexene. [00193] | th
enbodi men&Ci9s tfﬁﬁ‘é‘%ﬁ@@&%@%‘“ﬂ? ?&F&%@%@?éﬁ%ﬁwﬁﬁlﬁep&?ﬁﬁéﬁm% no‘?’%"g; one
or nore o y 0. Jd.Near,_4branch . L.£ 1aliphas_ ' .
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et hyl ene, cirboRittis) e 5-lbibeAfenePL0adORaldebyaee 5-hiedbotiehe-2edraniydice acithnene,

decene, un-decene, dodecene, hexadecene, butadi ene, hexadi ene, heptadiene,
pent adi enegs-imt)ebhramf;-endﬂécﬁ-dmxb@e)dada@deﬁ-mmb!mdﬁéh%;dmglhm, cis-
3,5,5-tripethyl -hexene- 3..nmet hyl pent epe- 1,  4-pet hyl pent ene- |,
oyel opent STIRHEMERREIdp - ACEReRy Fo0 EoRY Aden ot RO RRERt2HEHIS-drendgs
processes ;di sel i ' he, pol yner s,: | hed £ ri se
one or mﬁlgn%tlﬂgﬁél:d%g 8@%‘5@8“&13 ev{/e{gflag%t A)dlg[f&g%d(g’. %0@%%‘6?%5%'%%@%{2{5@% or
at 0.002 50,db6rmeRkdNbl, ¥5-irbdinche 0091 t &ebate, VﬁLﬂSS-n%b&ﬂéﬁd—ZUﬂ%hyHe total
wei ght of the conposition. In sone eirbodi ments 309 Jpm ar | ess of diene is
added to Brﬁe7,991rdb1héd-lfe@mtyoiopmeylpcnnaoydoﬁﬁiﬁylnbr|.]za?.ildn]o¢ta$ilm§ane, 2- :
alternately 400 ppm or |ess, alternatel 00 or |less. |n, other
enbodi menb&nzaylissaBerbomensm %g’ldﬁé&eﬁi'?&i‘gh@ﬂ&ptg]y]t cthezoRsrelein dimathyl one
or nore pol rizatd trains..0r 1 10 ™HO e, Pl ) oD e. In
yet anot hg?é{gﬁbbaf}’#é‘%{b t@ghggfﬁi@én ’?Zg%?w‘gf&él ene lf%ePé%ng%eﬁéﬁ ’ged to
the react gpoky SORINGREM 2Rethl1-RRAhIstirkAe OBy IVEly BId1 ether, 2,5-dihydrofuran,
2-cyclopenten-1-one ethylene ketal, allyl disulfide, ethyl acrylate, methyl

acrylate.

[00184] Polymerizations may be carried out with any suitable feed
composition to yield the desired product composition at an economical single-
pass conversion. Monomer concentrations are generally lower when substantial
amounts of inert solvents/diluents are cofed with the monomers and catalyst.
Although inert solvents/diluents may be used if so desired, low solvent/diluent
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 65 wt % of inert solvent/diluent affording olefin
concentrations in the combined feeds of the individual reators of 40 wt % or

more, or even 55 wt % or more, and advantageously 75 wt % or more.

[00185] 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 lessthan 30 wt %,
or less than 20 wt %, or less than 15 wt %, or less than 10 wt %, or less than 5 wt

%, or even less than 1 wt %.



- 83 - [00195] I n anot her enbodi ment of the processes disclosed herein, the
processes used to produce propyl ene copolynmers with other nononmer units,
such as ewbybens2siot her a-ol efin, cc-ol efinic diol efin, por/usesn7oesspugat ed
di ol efin mononers, for exanple C4-C20 ol efins, C4-C20 diolefins, C4-C20
cyclic olefins, C8-C20 styrenic olefirgﬁ?ﬁlher unsat ur at ed nononers besi des
t hose specifically described above nay be copol yneri zed using the processes
di scl osed herein, for exanple, styrene, alkyl-substituted styrene,

et hyl i dene norbonene, norbonmadi ene, dicycl opent adi ene, vinyl cycl ohexane,

'nel udl nglOMRB] oy dni 4 raruflaG eimdimint.coiby nermroRulens s raaer RS

| kyl - subst t ut Qi zat i '

o o et 1 ni EOMBEPEs AR BRI RY, SRR AT Pk R Rofled RetAECORBEAE L: .
Some enboqikW%Seth'yrzéggoatngysl:9pwoi@ﬁowélﬁn R st reSrh Bodini @] e leeer s to

macr onononers W th ess ner units. U S. Patent No. 6,300,451

di scl osesprapyenes ebpolyomrdriend compimentsdasec prxinced rveitk resserdiatkyndioensr s as
"a second nonomer." [00196] I n .anot her enbodi nent of the pr oceirggg%gi scl osed
herei n, whHER merIpeiireds spBajHRE -39 vtdaiiudens heon Reeng: lan P can

be copol ygerized with pr | ene: ethylene, but-I-ene, hex-I-ene,
4- et hyl p%?tl{@?& i 9:6?}%%@% adi ene, norbonene, C4-C2000, Ca-Cmor C4-C40
| i near or branched, a, @dienes; C4-C2000, C4-C200, or C4-C40 cyclic

olefins; Wm@%‘% 19?’8%3% el Afleteildhay’ bET AREASGeA GhodibES-

nomner . olyneri zationn processes discl osed

herein ”Hhombﬁlfﬂﬂér%eolbprﬂznﬂeré.TOA%dp%ﬁyﬁneE;ref&i’s Yo 3 pblyviver) symthosieed- 1 ( To
= 191.8 C_ Pc = 3.56 MPa), hex- 1l-ene (To = 230.8 C, Po = 3.21 NlPa;l, and
3- met hyl - frome o] three, er nrgre differay=BoBemEF uajtsusPolymare peoduseshiy $her
S RS AISclblEs FRRSShaA RoRSPSTyhicrs Bt CEPBiméR St Bl 32 dhe

above monomers.

[00188] In one embodiment of the processes disclosed herein, the polymer 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 C¢ to C4o non-conjugated diolefins,

alternatively one or more Cg to Cy4g a,0-dienes.

[00189] In another embodiment of the processes disclosed herein, the one or
more polymer blend components are a copolymer of ethylene, propylene, or
other higher olefin and optionally any third monomer, typically another higher
olefin, such as C4 to C, linear, branched or cyclic monomers. In another

embodiment, the one or more polymer blend components produced herein are a



- 84 - enploy at |east one of butene-1, pentene-1, or 3-nethyl-butene-1 as
nononmer. These processes may al so enpl oy reaction nedia that conprise

but ene- 1,wpentsaisesil, or 3-net hyl -butene-1. These proces®e3/usan7pnskoy

pol ynmeri zation feeds that contain greater than 50 nole % of butene-1,
pentene-1, or 3-methyl butene-1 and theig; concentration can vary between 0.1
and 85 nole % O course, these corrpoundls can be freely m xed with each

ot her and with propyl ene as nmononer, bulk reaction nedia, or both.
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i ndi vi dua eﬂ&h&ﬂ?raha@tj,gftrifn‘i'@tﬁzphg:)@énetheId 8till anethet enttioddmpng eks snelioscl osed
herein. The concentration of the inert solvent in the reactor feed and thus
in the pomoremolanenhlengstampoments preducedteseinmaratascepalymer of psapxlene

pol ymeri zati on processeg i.s .not nmore than 40 wt 9% .or not re than 30 wt
% or not AROBEIATNOR Ohethyleng, (ens, iPgBiepen BEXGRS: dCPIFLS pBteRE, Bpnenc,

alternati n o5 & r | : 1w %
[ 00199] O ﬁg{?é{}engbg%%vg%ﬁgth%%{&@g'g?&ﬁf&j@'l%t%ﬂc 55'?‘? gb@sg?gﬂé@iﬁs{ or C4
to Cl00 i neRpededf f i Iif stiflf y&¥ ahOthe? TrhiSGHaieat, tHes on@rorChdre ésas)rdesotnanaffi ns.
By isoparaffin is neant %lhat the paraffin chains possess Cl to C10 al kyl

br anchi ngcainpogents predistedshqrein arera cdpodpmkr pfindl4 onhigher olefioard one or
particularly, the isoparaffins are saturated, aliphatic hydrocarbons whose
mol ecul es MG ©ffthylens: Propyleng: hotens: penisHRdBEXENS %FPW@SS PCCRP cBORR e

ror o ter t PRSP Corougsshr haPp ok Risar i et p Qe P T e o e

total nuniggefeiijcarbon atons per nolecule is in the range between 6 to 50,
and between 10 and 24 in another enbodinment, and from10 to 15 in yet

anot her enbodi nent. Various isomers of each carbon nunmber will typically be
present. JO®90jopalaf insthermeamboddionémcbfidhe processes disclosed herein, the

copolymers described comprise at least 50 mole % of a first monomer and up to
50 mole % of other monomers. In another embodiment, the polymer comprises:
a first monomer 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 5 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.

[00191] 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
isomers thereof), hexene (and all isomers thereof), heptene (and all isomers
thereof), and octene (and all isomers thereof). Preferred monomers include
propylene, 1-butene, 1-hexene, 1-octene, cyclohexene, cyclooctene, hexadiene,

cyclohexadiene and the like.



-85 - cycloparaffins with branched side chains, generally as a m nor
conponent of the isoparaffin. The density (ASTM 4052, 15.6/15.6 C) of these
i sopar af fwooesag2siange from 0. 70 to 0.83 g/ niL; the pour Ppwiuston7®2584@ C or

| ess, alternatively -50 C or less, the viscosity (ASTM 445, 25 C) is from
0.5 to 20 cSt at 25 C, and the average_ gmpl ecul ar weights in the range of
100 to 300 g/nmol. Sonme suitable isoparaffins are conmmercially avail abl e
under the tradenanme | SOPAR ( ExxonMobi|l Cheni cal Conpany, Houston TX), and
are described in, for exanple in US Patent Nos. 6,197,285, 3,818,105 and
3,439,088, and sold comercially, as | SCPAtI§ series of i,si$ara fins. 19 her
sui tabl e [QQ)"&%]affiIﬁsa%Ptbelél%b%‘é)‘mﬁﬂtcpgl Sv BIQsies seflp berqing dh anes

SHELLSCL (by Shell), SO.T ( A i L]iAs): I

i i tod) . COeRPESE oBISEs Ssee Biore o i G i PN BRE, Hached B cveie
Conpani esal(;)‘hﬁfoléﬁﬁmb?oxﬁaé‘d | iRy 1ehd] ‘ifo?kédeﬂﬂ ROprésertt 415 2881e% -orSIkIHRAL s
a product of Chevron Phillips Chem cal Co. LP, for exanple SOLTROL 220
(boi li ng pwiluding &R3len8) pEdpyleASChutenea penteaiac heménakeptend, nand dctene,
(Johannesburg, South Africa), for exanple SASO. LPA-210,, SAS%M.(boi l'ing
poi nt = 2880’y dcenay0200FFencan doHEseenh BaxaMaENS Bufadichey | hexadiefdi ng

process disclgsed herei,n, inert..sol vents. may ;i.ncl.ude . - affins,
b Gt o PEag, BfnEEne, BfcE, RRRiTEY dpiLhe bt aicae MR 1o
or less tBays Qritht¥AROKGeL £S5 - Sorres-mdgi%ﬁteﬂepﬁr af fi ns-lechylpemensiial | y
avai |l abl e under the tradenanme NORPAR ( ExxonMbi |l Chem cal Conpany, Houston
TX), and ayeopettddieneaideydlbliexeneNORPAR series of n-paraffins. In another
enbodi ment, inert solvents nay include dearomaticized aliphatic hydrocarbon
conprising a mxture of nornmal paraffins, isoparaffins and cycloparaffins.
Typi cal | y?QQﬂ&B]areIa another eembodimens of thgopregessrsr disclosed ¥l§tﬁ‘pa,r dheins

and cycloparaffins, or C5 to C18, or to, Cl2. .They cont ai ery | pw
| evel s of PW“E GAPARTARES YU ST nb?feﬁg‘g%nbi fra o&@nulvﬁar,ﬁ%rg cﬁ?fgﬂr (5:?’6@0

aromati cs i t] F i £h ial |y
avai | abl ealﬁ)? eérlgﬁhg &gg{éfear%grr% O}P'}?E%%t,_ Y%Egis%hﬁb%gﬁ ?@g%@?ﬁfe éFrpany,
Houst on Tifcluding éh¢lene] propyienecbatdng, penfer¥SHexsrs,i Reptotic, dand @vedrieci zed
al i phatic hydrocarbons. [00201] I n anot her enbodi nent of the in-Iline

bl endi ng poness s ddcens, ovadldeenei rdodegend,ndexadetonent butadisne s eexadiens, 20

wei ght % of ol jgoners qf C6 to Cl14 ol efi,ns and/oy. oligopers. of |inear
ol efins hgﬂi"?}e‘ S Be‘ltéal?é‘FbBHtaéiﬂ% ,n°6‘rad§’“Fogﬁ%a‘{!%?%o‘ﬁ’d§%8 NeL$YEH ar bon

2212;7? havings a. KRBl en¥ [SCOSI ty3?{;e}ﬂ19}gntéﬂ%tf (as ”@f@ﬂg)fllﬁi%%e@-ggﬂ?g of

and™Having a-viscosity index as determ ned
100 or moggelopentadiene, and cyclohexene.

[00194] 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
less. In other embodiments at least 50 ppm of diene is added to the combined
feed of one or more polymerization trains, or 100 ppm or more, or 150 ppm or
more. In yet another embodiment the concentration of diene in the combined

feed to the reactor is between 50 wt ppm and 10,000 wt ppm.



[ 00202] I n anot her enbodi ment of the fluid phase in-line process for

bl endi ng di scl osed herein, the inert solvent conprises up to 20 wei ght % of
ol i goner swof2048282310 Cl 500 Paraffins, alternately C40 toPCIAG200pmezské i ns,
alternately C50 to C750 paraffins, alternately C50 to C500 paraffins. In
anot her enbodi nent of the fluid phase jgyline process for blending

di scl osed herein, the inert solvent conprises up to 20 wei ght % of

ol i goners of 1- pentene 1- hexene, 1-heptene, 1- octene, 1-nonene, 1-decene,

1- undecen 1- decen Suc e are com*rer Lally aya IabI as SHF
and Superm%/lo %lﬁmg‘@ﬁgfﬁ%@apfs ?l‘ SVFQ)\“ Ifiﬂe stuI
ol i goners f
Chevr onprPlRESEH %éﬁ‘?iﬁlﬁ%%&é’ By Eﬂ%éﬁ%@“&%?iﬁ#@%@ﬁ R Fom Bp
Amoco Chegh@phs etnyléwdﬁﬁeﬁagdlaﬂﬂ; ablﬂéhﬂ&eamé\m dbrPhbE-cohpipabad Hisr@h! and
Gas in Finland, SyntonTM available from Chentura Corporation in M ddl ebury
CT, USA, Ei‘qﬁa\‘ﬂ'ers,aﬁm é)ednh]mlefﬁipﬁz@@@eﬁm @y4-Qe¢ didlefing,n"Cl,p cytl8Aolefins,

[ 00203]Wth regard to the p %{éerlzatlon medi a, swta | e sol vent a];e t hose
that are Q@TQﬂolséyfleﬁlCaﬂl?ﬁFlﬁer(t) 5 UNRAIUFRES FRPNQIRErSPRS Sh@PS?)éP%%gF? %t i on

Pol yrnor 2 0F1C5eR BB SRD b g AP ST Tt el $ﬁ°d°e8%‘i%s‘§§‘§‘8§ 4 BT BEesses
of the flgy ﬁi&asesgneﬁé ne dkPCsibitihied b! %g%ﬂa di iRy Re&HE hensibdriehe, be

carried out nore reactors maki ng 't he polyners for downstream
bl endi ng. niﬂ‘lﬁ)m&aeﬁ@rs dieyclopefitadienic; h efpdagclah¢yarehe samycpelohexdne; ent
feeds and can run at essentially the sanme or different reactor condjtions.
The react a¢ylatess and othsrodigbaicatlyensaturpied: monomess.oinciuding ether syclidreri c

products. olefins, such as cyclopentene, norbornene, and alkyl-substituted norbornenes.

Copolymerization can also incorporate a-olefinic macromonomers produced in-
situ or added from another source. Some embodiments limit the
copolymerization of a-olefinic macromonomers to macromonomers 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."

[00196] 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, C4-Cyo0, Ca-Cigo, Or C4-Cyo linear or
branched, a,@-dienes; C4-Cyop, Cs-Cago, or C4-Cyp cyclic olefins; and Cy4-Cypgo,

C4-Capo, or C4-Cyg linear or branched a-olefins.

Other Primary Monomer:

[00197] The polymerization processes disclosed herein may polymerize
butene-1 (T, = 146.5 °C; P, = 3.56 MPa), pentene-1 (T, = 191.8 °C; P.= 3.56
MPa), hex-1-ene (T, = 230.8 °C; P, = 3.21 MPa), and 3-methyl-butene-1 (T, =
179.7 °C; P.=3.53 MPa) using these monomers or mixtures comprising the

monomers at supercritical conditions or as a liquid. These processes may



[ 00205] When nultiple reactors are used in the processes disclosed herein,
t he production of polynmer blends is possible. In one enbodi nent,
honopol yrwo 2aesdhsezipol yner bl ends are nmade by using at | eastusteus/oessact or
trains in a parallel configuration. Non-limting exenplary honopol yners

i nclude pol yethyl ene, pol ypropyl ene, pogybutene, polyhexene, and

pol yoctane. I n one enbodi nent, the honopol yner conprises polyethyl ene,
pol ypr opyl ene, pol ybutyl ene, pol yhexene, and pol ystyrene. |In another

nmbodi t, the h I [ | yet hyl I . Th
Cnetyor SR 6 0 T el b SB9bY RRRARST 5 dbyrene,

I ; - P - 3 b L S=hexadi :
Bna T, 7- odbitK aABedsse’ ShEVCli  PABREY Eaefiul EPa, PR JEORREISe tpichenact ene
t wo- conpopenieneATIrIm &Ry Rbuhbyl. e Mhes® PRBYEsSEE cal Wn@pley polhgieiaation
styrene, norbonene, 1,5-hexadiene, and 1,7- octadiene.” I n another
enbod: rremfe;]edsl‘that:ocpmamrgrea:ter manef;mmoé?% mfﬁmlxemmé,b p?mtopy-llem{e-'.bmeéhuel- 1,

ropyl ene- hexene- 1, propyl ene-octene-1, e ene- enel, e ne-hexene-
E, g%d/ or bBEer’I‘_FT’eﬁ@ o@‘t%érnggn%“émpy?@r Yam&’f&f%_opf@aoéglr?ogégriggd, t he
i n-1ine b'gﬁ&@'ﬁqugﬁfé;{q%grﬁpo%%Boggﬁtﬁe ¥ el BHLEF Wit BalfAG e h&gﬁ‘fg'ﬂvﬁﬁﬁposed

of at lea reaCtor trains:”Areactor traln o arall el
reactor bapkpyIBye dflondte?NBulkire BB Gh (RAM, Or bothat may be configured in
series configuration. The nunber of parallel reactors trains or branches in
a parallel bank may be any nunmber, but for practical reasons, is generally
limted t ®olwaerizdiion $elvenssl ternatively not nore than six - 88 - parallel
reactor trains, alternatively not nore than five or not nore than four
reactor tIGQ188] al tQnagrimeteyinest sekyeats: may bepsesephn| the| Pelpmerigation ai ns,

and al ternativel y nat re,than two rall el reactoor trains. The n er of
series caS¥igR- réga/?f&ffg%%fﬁ?ﬁ ?]Hf’ir?ﬁ’?@orbi Qfehu?@g’é'fif)?caf{’% At ngvgﬁgﬁ?of a
paral | el ' i : 1y moBPE eS80 S
general | y?@%h?g{ﬁéoﬂﬁg%%@ ?W;ﬁf&?@ﬁ@tﬁ%%%égyéﬁ%t%@i%rﬁi )‘eg,a! alo?er natively
not nore whaw initke fexdstonay individuat polyahegzatin reator ndttherir-tine bdendihg ee
reactors in series, and alternatively not nore than two reactors in series.

[00207] | npoeessedissiosednhereime Thel gencentrationiafithy inext| sadvend in b reagfosr nor e

- pol yrer iepcting B0y hgbediBliohaFlest st Bt etk = @ "
t . LY . | . e i dual

roact ors PR HoRAnobESRYR AJbRERECEE 15 SREHISR B BOR TS e

paral l el eenhidierthan @0 @ee, altératinelyusist mosé dgire 10 amc¥Qraltepnatively not
alternatively, two or nore reactors in series.
more than 5 wt %, and alternatively not more than 1 wt %.

[00199] Other inert solvents may also include C4 to C,s¢ isoparaffins, or C,
to Cygo isoparaffins, or C4 to C,s isoparaffins, or C4 to Cy isoparaffins. By
isoparaffin is meant that the paraffin chains possess C; to Cy alkyl branching
along at least a portion of each paraffin chain. More particularly, the
isoparaffins are saturated aliphatic hydrocarbons whose molecules have at least
one carbon atom bonded to at least three other carbon atoms or at least one side
chain (i.e., a molecule having one or more tertiary or quaternary carbon atoms),
and advantageously wherein the total number of carbon atoms per molecule is in
the range between 6 to 50, and between 10 and 24 in another embodiment, and
from 10 to 15 in yet another embodiment. Various isomers of each carbon

number will typically be present. The isoparaffins may also include



[ 00208] The reactors of the polynerization systemfor the fluid phase

I n-line process for blending disclosed herein may be stirred or unstirred.
When a r ewot2008/a82&ilN conpri ses two or nore reactors, thecrasbeér®23skot he
reactor train are not necessarily constructed the sane way, for exanple,
the individual nenbers of a reactor tragsy may be stirred, unstirred, or a
conbi nation thereof. The individual reactors may al so be of equal or
different size. The sanme is true for the reactors in the entire reactor

ot andar d_SHEORBGHTRG Lt AAGES Sl G0 EEEGUS R4 PUROT PP RGNSAOIGhe”
chem cal i i . f ' | . l.gzﬁé
depl oyed ?%taﬁagﬁh U?I&e g&gé‘ggmg?%%?gégg’gh?@?@f@{. narlﬁﬂgdté?f;ﬁse ﬁg(raei n.
The opti mpangee6iP0.70661(083 gmﬂ;)ehapb@f poineds 030 3¢ andesy Ateghaeesy R§o
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techni ques known to those sKilled in the art of chem cal engineering.
Non- | i mi t P@gprebessyphamiscosity { ASTM A4 251 HE) isdfrom-0.8§30-2G e8¢ atedS T€hRNdi t h or

ey oper at AUSTABAMAIEHII Beiahty b ahe Gugstol T (e DR g oka OB e ed

\émxiﬂgggghfsgzgggactﬁ% e atﬁg HGLdIRP LEARMNE WAGEP! the" ndfehdt S 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 Limited (Johannesburg, South Africa), for example

SASOL LPA-210, SASOL-47 (boiling point = 238-274 °C).

[00200] In another embodiment of the in-line blending process disclosed
herein, inert solvents may include C4 to Cys n-paraffins, or C, to Cyy n-paraffins,
or C,4 to C;s n-paraffins having less than 0.1%, or less than 0.01% aromatics.
Some suitable n-paraffins are commercially available under the tradename
NORPAR (ExxonMobil Chemical Company, Houston TX), and are sold
commercially as NORPAR series of n-paraffins. In another embodiment, inert
solvents may include dearomaticized aliphatic hydrocarbon comprising a
mixture of normal paraffins, isoparaffins and cycloparaffins. Typically they are
a mixture of C4 to C,5 normal paraffins, isoparaffins and cycloparaffins, or Cs to
C,3, or Cs to Cy,. They contain very low levels of aromatic hydrocarbons, or less
than 0.1, or less than 0.01 aromatics. Suitable dearomatized aliphatic

hydrocarbons are commercially available under the tradename EXXSOL



Pol ymeri zation Process Details: [00210] The fluid phase in-line process for
bl endi ng di scl osed herein relates to processes to polynerize olefins
conpri si Nyocoostmeiling one or nore ol efins having at | ea®CTiusR00CAR330N at ons
with a suitable catal yst conpound and an activator in a fluid reaction

medi um conprising one or two fluid phasgs in a reactor. In one enbodi ment,
the fluid reaction nediumis in its supercritical state. Catalyst conpound
and activator nay be delivered as a solution or slurry, either separately

to the reactor, mxed in:li just prior t he reactor, or m xed,and
punped as( ﬁxw%atéhe@malﬁeww,§r19v-°rt9n?@%),r?@dr #gcidld commgrealba @i cul ar
enbodi ment, sol uti M. [ ! iven reactor train of

t he paral Fﬁ%@%‘f%&ﬁ%%ﬁ% p%%ﬁ??ggﬁét%@ngyﬁg%gmgar ried out in either
singl e reactor operation, in which nononer, conononers,

cat al yst (p?dmgi VatQr {ritherS 6@‘6%%&&5& tRB4nORid ‘B'i@ldih% trbcés@,l 4RRldsed are

added contfinuodsly to a single reactor or in series re or operation, in

whi ch t he hakeiy,ethednpie seiient gompritdsadipt o 20vwvedghtnd ef okgomerssof Cgnedigd in
series. The catal yst conponents may be added to the first reactor in_the
series. Thiefinstandjen oligomenstlingay olgfins havingde hdocashen atametdr8 thl2 he
series reactor train. e fresh catagl yst feed if added t. r.e than one
reactor i 3098 %Iemsegfﬁ?’a?%i’ﬂw‘%@sﬁﬁ’é’ ! ﬁgﬁg}enaﬁt*cr E}Sgﬂﬁl%f ??? e@c?f P%&t or
and their WPEM i : 1: I whzgaki on
pr ocesses(éc)f%?%a{gaﬁﬁibga&ase ﬁfm %dog{gfgisﬁg ?Pwéiégggﬁn%?s ;v;l'rs?a’da%\er ein

al so conpdefeeinihdd B ABTRESDF 2706100 6r ioeé.e the reactor is substantially
unreactive with the polynerization reaction conponents and is able to

wi t hstand the high pressures and tenperatures that occur during the
pol yneri z§0202]r eadni amothey témsbedidieny oficbe Ruith phasesin-bneaprdcess JOr -
terrperatugfs may al | ow tF%ﬁrea tor to naintain the fluid reaction iumin

its super qqdﬂ%ldlﬁ?ﬁﬁdt n, Sl ¢ MisKe selygnt COMRES 1P &%Ogmelgfﬁc?/ﬂg’g t hose
ey R, T, T A A A gy

polyrrerizg eacti“ons. - 1 ng exe tors 1n
autocl avec g%i’aqﬁﬁwﬂtﬁdspﬂ@enﬁmewt%k@@m parBEAmR!  Inaindtivdtternbadifdny bl ar

reactors. f e polynerization processes of the fluid phase in-line

process fthe fluid phase in-line process for blending disclosed herein, the inert solvent
comprises up to 20 weight % of oligomers of 1-pentene, 1-hexene, 1-heptene, 1-
octene, 1-nonene, 1-decene, 1-undecene and 1-dodecene. Such oligomers are
commercially available as SHF and SuperSyn PAO's (ExxonMobil Chemical
Company, Houston TX). Other useful oligomers include those sold under the
tradenames Synfluid™ available from ChevronPhillips Chemical Co. in
Pasedena Texas, Durasyn™ available from BP Amoco Chemicals in London
England, Nexbase™ available from Fortum Oil and Gas in Finland, Synton™
available from Chemtura Corporation in Middlebury CT, USA, EMERY™

available from Cognis Corporation in Ohio, USA.

[00203] With regard to the polymerization media, suitable solvents are those
that are soluble in and inert to the monomer and any other polymerization

components at the polymerization temperatures and pressures.



bl endi ng di scl osed herein nmay operate efficiently in autoclave (also
referred to as stirred tank) and tubular reactors. Autoclave reactors my
be oper atwad 2008/823iher a batch or conti nuous node, althorgh/ush@7mes326 nuous
node i s advant ageous. Tubul ar reactors always operate in continuous node:
Typically, autoclave reactors have |enggh-to-diameter ratios of 1:1 to 20:1
and are fitted with a high-speed (up to 2000 RPM nultiblade stirrer and
baffl es arranged for optiml m xing. Comercial autoclave pressures are
typically greater than 5 MPa with a maxi numof typically |ess than 260 Mra.
The maxi nEPREdL Y t
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reactor. Reactors with large dianeters may have nultiple injection ports at
near |y t hpolkamersdor dowhstream blerslingodheatactgrs may benfgthwish essemtialzcher .
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advant agepyfmdtiPpRdReis. g the possible formation of hot spots in the
unstirred féed zone between the m xing point and the stirred zone of the
reactor. Injections at two or nore positions along the length of the
reactor i f0C205) pod¥hén enultipleresactors anty aisedde ahe processee dischosedrerein,
enbodi ment, in reactors where the |ength-to-dianeter ratio is from4 - 91
- to 20, theeproduetion ofglyrnen blenduis pessihls. & ppe eathodimeat tiosroRadiner ons

along the_ reactor length.with | ti ple ports sone_or each. of th
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m xi ng dey{ su “lindi L,ghs ' T 1 jeC€S can
al so divi g%ﬂ? eﬂggé?oc avehflﬁﬁgg[%m%%o@gﬁﬁglﬁz%&elg@eﬁ E.ﬁﬁgd%}%ﬁggh n the
stirrer npylyprépydend,r polybotenel pohdrerehd aid polyoutarre. dilh farecambadimnest, of
plug flow and back m xing, |argely independently, in the separate zones.

Two or nothe ahemepalrernn eomprisesor pabiethylends palypramylens, ipplgbulylenes
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[ 00215] Tubul ar reactors nmay al so be used in the fluid E)hase in-l1ine process
propylene-butene-1, propylene-hexene-1, propylene-octene-1, ethylene-butene-

1, ethylene-hexene-1, and/or ethylene-octene-1 copolymer.

[00206] As previously described, the in-line blending polymer components
are produced in a reactor bank composed of at least two parallel reactor trains.
A reactor train of the parallel reactor bank may include one or more 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



for blending disclosed herein and nore particularly tubular reactors
capabl e of operating up to about 350 MPa. Tubul ar reactors are fitted with
ext ernal woabismg2amd one or nore injection points al ongpChaseaaloessas )
reaction zone. As in autoclaves, these injection points serve as entry
points for nononmers (such as propyl ene)ggone or nore conononer, catalyst,
or m xtures of these. In tubular reactors, external cooling often allows
for increased nonomer conversion relative to an aut ocI ave, vvhere the | ow
surface-to-v Igrre ratio. h|n ers a% (ﬁnlflc val

€0
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resi due t n reactor walls during pera ernatively,
tubul ar r ahetnatiselyRyob endralthag atved patdllel seaAbN ,tramuoollr}ﬁ:hﬂdmlbef fseries
surfaces to address wall deposits. Tubul ar reactors generall y o erate
at pressucescadé xgactass msmmm giere rb@cﬁgr Hsalof oudoraadmoo

100- 4000 net and may have |n di anet.er | ess t han
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| engt h. PrEi RS t ir au ves Wth reactors

are al so gaidscaReaifiNely hbi fhdrBQhéﬁ@lm%eQEaétst frl sériespAndealictnativity popcess
for blending di sclosed herein. In this reactor system the autoclave

t ypi cal | ynmredtkatetve heactarbuh seriessact or or the two types of reactors form
separate trains of a parallel reactor configuration. Such reactor systems
may have injection of addltlonal catal yst and/or, feed _conponents at several

poi nt s i n[Q4ROTAut odn e, erahadimpent, H&f‘rppb@%{r?%t&l% etfﬂeematféomem@ Hf | n

bot h aut ocl aves_and. tubul ar, re ors on
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t emper atu??ﬂl?ﬁ%g@%%faggﬁgfger%“ o?B }gnpre egdtﬁér§£ operate at sat arrtup,
but not akhtithout fiestrreecverng thegiigmesicqadgucts af ¢he individubl resctors xn sglid one
has sone back-m xi ng characteristics. In tubular reactors, the first
section oforgsubllde) B eramory mﬁmomyfllrwecmﬁttwng éh@er@ir@!ﬂquccmﬁgtraﬁi@n ups)

h h | d,a -d d b
oaeror | BongiBft BicIiRe a g a1 BETOE of AMEHBVREN. varprifinty MERALT serte 21,

pattern with mnimal radial flowrate differences. In both nmultizone

aut ocl ave tub r I ey t he
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cat al yst prRRESs ifot Qﬁélﬁﬂngtdlbélﬁsd:dﬂhﬁ'emnﬁla@t berstirﬂedi‘@frllﬁﬂsﬁifddnt swWhen #de the
sanme or different in terns of content, density, and concentration. Catalyst
f eed sel engactor tedih easprisey trwo Q:tesong:rreaatiors; the, glemb@s of the raaictordrajnaee
reactor or reactor tral n_and/.or mai nt ai ni %gr t he desj redd?w(c)i lctl Vi te¥s

profile aNBhBeaReaTilyfANSHUFEAghs same Way, for example, the in memb

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.

[00209] Any type of polymerization reactor may be deployed in the fluid
phase in-line process for blending disclosed herein. The optimal reactor design
may be determined by standard engineering techniques known to those skilled in

the art of chemical engineering. Non-limiting exemplary reactor designs include



[00217] At the reactor outlet valve, the pressure drops to begin the
separation of polyner and unreacted nononer, co-nononers, inert solvents
and i nertwp 20080182818 f or exanpl e et hane, propane, hexanepcan$2aogloessae. More
particularly, at the reactor outlet valve, the pressure drops to |levels
bel ow that which critical phase separatigeon allowing for a polyner-rich
phase and a pol yner-|lean phase in the downstream separation vessel.
Typically, conditions remain above the pol yner product's crystallization

t enper at urg. e aut.qcl ave or tubul ar rneactor .effl uent e depressurized
on enteri ﬁﬁ“?%ga%m PEMW‘B@%?’&@EEH‘ ogg,pg.\bélﬁq}'rre?gﬁ%”% di?%%rﬁ;‘)aecg%ﬁ’red to
as a sepa t S rat SERA r
vessel , o@tgcei%gcrtgﬁog{r??b eerg l:%n%(ﬁé%astsei ;&Eg% 1%]8%@&\%\?] I beEgﬁI&%%ﬁgfy
descri bedatHieded avithint {ie r&idpst, aruttough tthe eepE gaclost, \oesdalicated riedant ai ned
above the solid-fluid phase separation tenperature, but the pressure may be
bel ow t heeschangedboproinay beTapplisdessur e need only be hi gh enough such that

t he nononer may condense upon contacting standard cooling water. The liquid
recycle stream may, then be recycled to the reactor with a liquid punping
syst em | nfobaperizat aes Detatlsr essor s requi red for polyethylene units.

The rel at | | ow~pressurg in. r . : ation
n the 11 WAL Ty AR SRR S RE R SR hIR TIPS 7,
The pol yngy ‘r&@éés@& f@@@lmrib@_olmﬁe&%ghishﬁg @&%atiﬁ%(_tdh@ &) sl oefiout
addi ng a catal yst poison or "killer". If a catalyst killer is required
(e.g., tohpviageat leasatwbocarbon dtbmshingth prastable catdystl egmpbemd pndvasi on
nmust be made to renoye, any potenti al catal yst poisons frﬁm@ahe recycl ed
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rboti montSadre bt B P il reqction? piodi TS L s MbpRtarfiaaf! ' Ve
mononer OEtg’i@n ARyt conthduiid aﬂ&mtfvla&dsienﬁwb%eaélw&@h hé HisdLith BNAREry, €gi on,

whi ch nmay be advantageous if the polyner is to be produced with a révanped
hi gh- pr essither seplayattlyyioethe rebletel) mikedin-lihbgustemyad tdthBRSactoey beatdxed

cool ed and dewaxed before being returned to the suction of the secondary
conpr essofnd pwmped; as ey gctixptedfsolpten o Shrry je the reactorrnhdn pae\paskcwlapm t hi s

i nt er medi at t _high-pressure vessel then. passes _through another pressure
reduct i oncapagiment B, SSRGS, " Blixed AFTIRTTRET a i@ 3air o qP LS Cose)
IS maint aj ; Igggp ' hMNbe SOarkiagt PeNEELiHg1OmM t hi s
vessel cahgﬁgle?gg)\hglsghgﬁfﬁgu d ﬁfgicaﬁoegtgﬁ nng?? u%gr 0g{rlqrslt gitti o rsnlxgér. The
pressure ggactdri opeesionl ins wWieiph hmuonyery séorgoromerspr extslyst(sdactbaoorés), t he
unreacted nononers, etc. to the condenser and p system referenced

. . unpi ng
above. [ 0ocEnger(3kdind; optieralaireHcselyent(vaatcopdded gpitinwoystyde i# sIngle a

conbi nati on . . .o .
reactor or in series reactor operation, in which the above components are added

L.n L"- 2 L‘A =) )

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 eabh 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.

[00211] Polymerization processes of the fluid phase in-line process for
blending disclosed herein also comprehend high-pressure reactors where the
reactor is substantially unreactive with the polymerization reaction components
and is able to withstand the high pressures and temperatures that occur during

the polymerization reaction. Withstanding these high pressures and



of these reactors, |oop-type reactors nmay be utilized in the fluid phase
in-line process for blending disclosed herein. In this reactor type,

nononer ewoenss/@exiipol ynmer exits continuously at differeat/ysesnmisssal ong t he
| oop, while an in-line punp continuously circulates the contents (reaction
l'iquid). The feed/product takeoff ratesggontrol the total average residence
time. A cooling jacket renoves reaction heat fromthe |oop. Typically feed
inlet tenperatures are near to or bel ow anbient tenperatures to provide
cooling to the exotherm i
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[ 00221] The pol ymeri zation processes of the fluid phase in-line process for

bl endi ng peactiors.s Niomelimsting rexeaiplarymyedtaons inedudie aptodaves spumptateunéact or s
as short as 0.5 seconds gnd as | ong /several hours, alternatively froml

S
sec to 12tpop omaptoclane, tabularaan %‘étpﬁﬁaWFGHb‘il%é%FR}'Sto 60 ni nut es,
alternatively from5 seconds to 30 mnutes, alternatively from 30 seconds

from 1 WAZYAS 3G buehizpBE riaftesed, P My pRAE ruRBbrPeds R be' ¥
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or 20, or or nutes. Maxinmum resi dence tines may be

sel ect ed fg @firred @nkp.andrtub@laroreatfors.or Adfoclave dactars @y tor oplted mut es.
[ 00222] The nononer -t o-pol ynmer conversion rate (also referred to as the

conver si ogithert ) batchaloguicantinueys dmedgi nafthought othgl cgatintewy B¥odgoll§ ner

t hat | || ected d t h ti ti .th t_of dded
Lot he r oARYSUREC ST U GACTA WAy BECTRR it SYIUDL- (BONS ritd BHEUBbsi 1 y

al t hough bR RARC pﬁém%e%ngmmran{ &Y Flifos 3 PRS DIMnat Ak fRB@TE
conversion thus w epend on-reactor design, product slate, process
conf i gur aiithna hegle-specahthipc 2000 RRM) muleidldale stiraerdardibafilsisreeeamiged for
techni ques. Total nononer conversion during a single pass through ang

i ndi vi duabptimat toixing. tGemmerrial gritedaye pressuresr arectypicadly Brestryi thgn

di scl osed rei.n may he up to 90%. qr bel o % or -bel ow 60% or 3-80% , or
5. 0% - or Migh B0th & sts By typicallydesy s 28 MR, TE EEGMMGes o  or
10-60% o - 6000 . - 600 - 500 M ez : 0 = 50%
o 15- 00 SPIGSHA BTGy o et Mhab bevontts fflr dotaf Mvafies ™ 0ot 1n
one enbodiBeRhnicahand iaterpiladiesice itectinefogies.i ¢ pol ypropyl ene and | ong- chain
branching (LCB) of the pol ypropylene is desired (g' 0.97 based on GPC- 3D
and using an isotactic polypropyl ene standard), single pass conversions my
be above PID218)d alWhemihé setoglasieritpisen foow dengshaterdiamater ratio fsuckbas/kesg0% | n

anot her enbodi nent, when isotactic_ pql ypropyl ene essentially free of .LCB is
desired (thaurfour)y the feed streams sy bp daiscieshateons BRtiRg RloRe I%gghé?f t han

30% and Al ernald, ok YaShAA fin ABRRCAIMNRASS sy TaVe MufiBle Hi6HFn pBA ££5% TO
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
reactor content. In the case of stirred tank reactors, the separate introduction of
the catalyst and monomer(s) may be advantageous in preventing the possible
formation of hot spots in the unstirred feed zone between the mixing point and
the stirred zone of the reactor. Injections at two or more positions along the

length of the reactor is also possible and may be advantageous. In one

exemplary embodiment, in reactors where the length-to-diameter ratio is from 4



- 96 - 5% or above 10% It should be understood that the above exenplary
conversion values reflect total nononer conversion, i.e., the conversion
obt ai ned W9 2déswiseiimg t he conbi ned conversion rate of al lpcrarseonensssby t he
total nononer feed rate. Wien nononer bl ends are used, the conversion of
the nore reactive nonomer conponent(s)_gfl! always be higher than that of
the | ess reactive nononer(s). Therefore, the conversion of the nore
reactive nononer comnponent(s) can be substantially higher than the total
conver si on éﬁl g;; gi ven above, and can,be, essent.i al | et oachi ng
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pol ymer-rich phase for further purification and a nononer-rich phase for

opti onal 411 O\ Al oh ALY, CHre tHEOTHRE &S 8RR 1aRRE KoA® o Rof & bRl (rﬁ?xin% he
reactor effluents nay be optionally heated before pressure et down o

avoi d t hedeeigas ahaprsupport thel hiphpspeedestiméras elheski mixingudedcéowhnnasof t he
separators, and associ at ed, reduced-pressure |lines. The separation of the
pol ymer - r Asrde ke autasiavienatorbwe ritr mere FoptasMixing bladgs @Bhe U IBAYsed

herein is rrhed out 1 n_a vessel kpown a _high- pressureassepar (al so
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pol yrror - o e gt B B RpRhdp AR RANR eBprd 20ty TP ThoRt pltB8laves,
react or bwith bfearsmorefzonestnay cmneste maateriesbteantier cassagaratiacrdasender

vessel, or separation-bl ending vessel recognizing its dual function of
bl endi ng tesidensedtimsl prep- tdler pelymer ptotetiete it de igastathitnain AredueiBBat at i ng

-rjch , f [ -rich ph . | at. f which
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herein. & %ﬂgléﬁﬁﬁoﬁ‘céddﬁéﬁ offtwd & Rk ré&"t‘&ﬁsoéorﬁxré?%'a e, Bf Wi'liﬁlg the

pol yner-enric stream to the downstream separator-bl ender. In suc

enbodi mentir, effluensepat lehstrorel Wsteambreaotds i fisl @r theutext pedcyoredovenstcaned
streamw th one or nore unreduced reactor train effluent to yield a

nonomer - r icthepeassadeyn Besidss| thawftlpeathohthesepstream reacter(s)otheigashotampri ses
the polyner blend,of the in-line blendin rocess di.scl osed herei,n. In
anot her  cHBSEHTIBE SHES ToHigr SBSeHeath I EirEAa GAD tEBIIPS YL Y
upstream D, - r S t 4
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pol ynmer - efgedc higcaméasEherefore] it sheuldepanaiderstbod fthat ves polyméetdlerdind er i ng
enabl es a nore precise control of the blend ratios by conpensating for the
monent ar ycémpenenitleayiagi nreantordrain @fithe process discioser dereia may itselfragaa t or
trains of blteplg 'oF l%hrée stgllrr?endlpgg'rgerroc\%?t% dfn%?elagesg d rrrllo ecular weight and/or

compositional dispersion or even a blend of homo- and copolymers.

[00215] Tubular reactors may also be used in the fluid phase in-line process
for blending disclosed herein and more particularly tubular reactors capable of
operating up to about 350 MPa. Tubular reactors are fitted with external cooling
and one or more injection points along the (tubular) reaction zone. As in
autoclaves, these injection points serve as entry points for monomers (such as
propylene), one or more comonomer, catalyst, or mixtures of these. In tubular
reactors, external cooling often allows for increased monomer conversion
relative to an autoclave, where the low surface-to-volume ratio hinders any

significant heat removal. Tubular reactors have a special outlet valve that can



[ 00225] The pol ynmer rich phase of the separator-blender may then be
transferred to one or nore | ow pressure separators (LPS also referred to as
a | ow pr eseun@s/mseqar ati on vessel ) running at just abovePatrmss@ioeiseo
pressure for a sinple flash of Iight conponents, reactants and oligoners
thereof, for producing a low volatile-centaining polymer nelt entering the
finishing extruder or optional static mxer. The one or nore | ow pressure
separators are distinguished fromthe one or nore high-pressure separators
in generally operating at |ower pressures relatjye tq.the high-pressure
separ at or §?‘¥dl'ﬁepiﬁ§84r8r SW@VM%‘%@@ aloag the ubes i@o%ﬁkg‘fa&gaﬁéas
downst r ea i.gh-pre r | i
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blend of the in-line blending process disclosed herein, whereas the one or
mor e hi ghigersd suefasepdoaaddressranalf depositm t Tubsibarr seastorsggeneralbyn maxyvy
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referred 9pR@§ fubdardeattolFave RPBIRIQdians@BRFAAI80fVIEE $ &b 5009021 ahd on
vessel, separat Or-bl ender vessel, or separation-blending vessel, or

separ at or irdledelep to TOaifferentdinjettion positiops akmgries' lengtlconj unction with

| ow- pressure separator and hi gh-pressure separator is not neant to identify
t he absolute pressure |levels at which these separators operate at, but is
nerely in{@m&i t o Rpagtar traiasr Giahtnaiie agtaclaves nwithi bylarsEqactoratargaled t hese

b1 endi ng. BPRSEEREd gy R it S P B iRt AR BReeS Tt Bigbfind o "
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in-line process for endi ng pol yner's cl osed herein, polynerization is
conduct edtubulameeactornor ¢he ewot types &ff ratyope fors cepheate hierins of abpumliehder
agitation and above the cloud point for the pol ynmerization sgste_m_ Then,
t he pol ynteackameendfigurations eSuelt seactemsysemsdmpythave imjegiion ek addiional
separ at i on- bl endi vessel , where the pregsure is allowd,to drgp bel ow the
cl oud poi f#ta yFﬁiaélgngv aﬁ‘gaﬂgmp%@gﬁ g4l paipts H’eﬁ'éeera\,‘ll\{aoﬁbqvf -%rfné’ﬁe phase
separatin j - iy het by
??xfet{fﬂlmr{b{‘ﬁleddﬁ?{,eefuﬂéoléﬂgﬁ{ .Ihﬁ%trtp;ﬁ%@claéés HRY tHBulRPREAGOAL ¢

t hose ski It may-optio e necessary to increase the

t enper at uirfetidmrfeeds ar® typically Woaded 36 utear eisicat tanpsranmel ort belomevent t he
formation of a solid polyner phase as the pol yner becones nore
concent r apeevidg maxipnunegoolinghandh dkes imaximam pohemar podurdionewydiindhe o t he

il h | -ri.ch ph is fed | ed. d | atil| -
Such as aliitsrof;Ppamul gpetang FoRTAOTHg 1o ,auteflere SPeiaion marthsnlt | e
runs thr O%@%‘Eﬁaﬁt%ﬁe’ﬁ&%,@; Ittiﬁer%@%wtﬁ)nd%ﬂﬁﬂt steldy Reite if the first

pressure- rer p existing wthin the reactor. For exanple,

super cri t hfigingPzsHyh&nsorhe ok mixihg ehateterBecs.ali itebulatitedcnsts) thrgfifsat i on
in the single-phase region in the reactor at 40 - 200 MPa and 95 - 180 C
(see FIG saajon ghdopbledacketad tubing wap bschented hespgeinliynslostartsipsarather

://\Eis(s:ﬁl éa\gg-?e{rf ﬁ(téofl%i %{nﬁf@%&gopieﬁatgrcodjrﬁﬁl%ohgly? Jkegv%ll-é)efsiganedNEl%u?e{r rle(ajl\é\{eorr’isI n
characterized by plug flow wherein plug flow refers to a flow pattern with
minimal radial flow rate differences. In both multizone autoclaves and tubular
reactors, catalyst can not only be injected at the inlet, but also optionally at one
or more points along the reactor. The catalyst feeds injected at the inlet and
other injection points can be the same or different in terms of content, density,

and concentration. Catalyst feed selection allows polymer design tailoring



- 99 - belowits cloud point, while the nonomer has not yet flashed off
(again, see FIG 23). Under such conditions, it would be expected from
Radosz etwal20¢8/d8exi1 Eng. Chem Res. 1997, 36, 5520-5525pamdsk@a®23sto al . ,

Fl uid Phase Equil. 158- 160, 1999, 835-846 that the nononer-rich phase

woul d conprise I ess than about 0.1 wt %pf |ow nol ecul ar wei ght pol yner and

have a density of approximately 0.3-0.6 g/nL (see FIG 24). The
pol ymer-rich phase woul d be expected to have a density of approximtely 0.5

-0.8 g/nL. .[0Q0228] Assumi ng, that the pressure is dropped rapidl nough, for
exa_rrplge, YR e 1&’1‘&‘?‘? ofCaE 40T ¢ 5Cant t“%‘nwlﬁé‘ngp,mgﬁgalﬁH%eglezvi 1P"&Cparat e
rapidly, ﬁ%dﬂcrﬁg,wg%rbﬂgevélﬁggghgrégct&qgné@iporrer -rich phase as a liquid,

wi t hout the 1ssue e nononmer=rich phase return to the gas phase.
As may be appreciated by those skilled in the art, this elimnates the need

for the epsyapry Nt eRSitNE (AORFCDRIIEN Ve, C A epeaduren dbéPIo befid2Ihdhe
polymer-rich phase is sent directly to a coupled devol atilizer. Suitable
devol ati | separatiomyf pelysheraamkunrehotedananpiner, do-monbhieTs,ifért|sotventoand
Charlotte, North Carolina. The devolatilization is a separation process to
separ at e HEHS riueh od| Bri exampleo ethane, fRIQRANG ohgRaNE, a4 HPHINENg €need

for steam stri ppi.ng. rKi under | ow vacuu h I ' | ashes

ot ho BaUSREE T e e SR aR RGBS AR R Rl ot

further pyAGEsSiritibal SPhaselSepsatibhi aRGWHE P02 3PbKYerli9¥h Ophaser ¥nd oxv

nol ecul ar wel ght pol yher present in the nobnomer-rich phase to be recycled

may opti opalynyerblean gimyedn tie doyhstréamclepatationovesselst dppavatlyhaondwioss i n

reactors systens, or left in the return stream dependi ng upon product

r equi r enefRBaiambavecthsrelmes produt srvpstallination tsmperurw s BEataYe wei ght

pol ymer fE)fa %t‘nﬁgr Irer:]acttcr;re ePﬂSéjnlfCrtnay be depressurized on entering the downstream
high-pressure separator (HPS or also referred to as a separator, separator vessel,

separation vessel, separator/blender vessel, or separation/blending vessel).

[00218] 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 in separator reduces the
monomer concentration in the liquid polymer phase which results in a lower
polymerization rate. The polymerization rate may be low enough to operate the
system without adding a catalyst poison or “killer”. If a catalyst Killer is
required (e.g., to prevent reactions in the high pressure recycle) then provision
must be made to remove any potential catalyst poisons from the recycled
polymer rich monomer stream for example, by the use of fixed bed adsorbents or

by scavenging with an aluminum alkyl.
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point, w

00231]In solution reactor processes, present practices enployed by
those skilled in the art typically effect separation by flashing nononer
and sol vewb 2008/@ex1@ssi ng t he hi gh-tenperature cloud poi RCT/USO@2823820
anot her form polynerization is conducted at conditions bel ow the cloud

th the pol yner-nmononer m xturegjransported to a gravinetric

separation vessel, where the pressure could be further |owered if des
t o enhance phase separation of the polyner-rich and nononer-rich phases.
| ene,

ei t her of
I's recycl
(supercri
pots may
fromthe

and optimal opera

critical
for react

W11 e "Spcan Alsermatae embosivaany. e Esea be SHRitied oV dhe
%hfi@lﬁpﬁlres%i%f{ﬂhg 9)10 e lor m&ﬁ&'ﬁefa?i’ﬁ'n@ b\ﬂ ithin B Geddaofttic?

to a e renova

R T @m&e@@@%ﬂﬁd& &y Haea@mn?ao@tseﬂ , the N 1§ et €is pes b

ing regimes for reactors and for them_grawt (1 owner
poddudednwithmae retamped LhigihpressepamalpethyRet et

Foropor af P HILS OUGERRA TheS %@é#érgéi@dw%asﬁ Bl Being vBpraen fodhe

opti mal

Cermor at ub Begh,oF B R hlsaty" Sreat S T hyp B8 8P ﬁ?"“@eﬁ%n%@%‘&*

pr essur es Tkl

for react

ors ‘operating within a two-phase
another pressure reduction step to a low pressure separator. The temperature of

this vessel is maintained above the polymer melting point so that the polymer
from this vessel can be fed as a liquid directly to an extruder or static mixer. The
pressure in this vessel is kept low by using a compressor to recover the unreacted

monomers, etc. to the condenser and pumping system referenced above.

[00220] 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
process for blending 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 polymer product.
The loop reactor may have a diameter of 41 to 61 cm and a length of 100 to 200
meters and may operate at pressures of 25 to 30 MPa. In addition, an in-line
pump may continuously circulate the polymerization system through the loop

reactor.

[00221] The polymerization processes of the fluid phase in-line process for
blending polymers disclosed herein may have residence times in the reactors as

short as 0.5 seconds and as long as several hours, alternatively from 1 sec to 120

ired
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fluid-fluid reginme, the possible region for operation occurs basically
anywhere bel ow the LCST curve. The optinmal region (again, shown within the
shaded owab)o@sosesis j ust bel ow t he LCST and above the VPcTurse@;7/oaisedhough,
as may be appreciated, nmany factors could have a bearing on what actually
is optimal, such as the final propertiegsof the desired product. As
recogni zed by those skilled in the art, the two-phase |iquid-liquid regine
is the econom cally advantageous nethod if polypropylene is to be produced

ith H PP t -1 - [ 00235] Ref i t Fl G 7, f
e case JHB) Slemapivel Hom 4 5ereid ipfQunamics. Alsrutveaerae, Soreomds o ouy "
int andaphe. - D i t i At rdc | OST

Dot at oy S0 iRRLY T TRANIT ik 30 Eobd Al RPSD it SIRANIERY [ r6m-E2

curve andngbawetd 60 Mihetes,vend BereRivelRlfrdredl dMinw&Ie6 30 AtiowrRsW Mure t he
shaded oval ) occurs within that portion that is bel ow the spinodal, but not

t oo | ow i papiadaily,.cthearesilenes tindpanay ibegsdlectedifsomelf),ner 38sor 49, onaxl,t he
energy use is optimzed,_ It js al desjrable to oi d_gperatjon.in the
regi on betsg\fé@ﬁl%t 9 4 T5a08 ]sopi(?{ozg’l OF iy &X fﬁw & gérort 880‘5‘1 31124)1 BEBECSr avi ty
settling . Moo ol ' t rat.i .S

ot ect o MEUH BG4 S may be IGTE FRM T, RES. of 10, SFRS, B30 okC
not occur 45Nof H@, 10120 Biintitesh phase. This may require that the tenperature
of the mxture in the separator be higher than the tenperature in the
reactor(s). [00236] Advant ageously, the liquid nonomer-rich recycle stream
can be re§§0222] t o Theenmaweiarrtoysolymer donyersiopuatei (alss yefeered tshsdlieof a

hyper - conpressor, required for conventional pol iet hyl ene units. Catal yst
killingi [Fouegsionheatesis eslculated)bydivising dhe dotgl ayanttyeph Pabunenhthat 1s

relativel %oilg&’ed 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
polypropylene and long-chain branching (LCB) of the polypropylene is desired
(g' < 0.97 based on GPC-3D and using an isotactic polypropylene standard),
single pass convefsions may be above 30% and alternatively single-pass
conversions may be above 40%. In another embodiment, when isotactic
polypropylene essentially free of LCB is desired (0.97 < g' < 1.05), single-pass
conversions may be not higher than 30% and alternatively single-pass-
conversions may be not higher than 25%. To limit the cost of monomer

separation and recycling, single-pass conversions may be above 3%, or above



pressure in the separator vessel greatly reduces the nonomer concentration
in the liquid polyner-rich phase, which, in turn, results in a nmuch | ower
pol yer i 280i2008/08281¢. Thi s pol ynmeri zati on rate may be | owCEnusagh/oess2@per at e
this systemw t hout adding a catal yst poison or "killer". If no killing
conpounds are added then the killer rengyal step may be elim nated.
[00238]If a catalyst killer is required, then provision nust be made to
renove any potential catalyst poisons fromthe recycled nononmer-rich stream

fauekg: ). Y Rl At R a6 shepe b, wndsstddatat: e 200V perapRdec oo,
Non-limti | 1L . q | .
(such as wﬁ’&%él%ﬁp n‘é! easﬁg%ﬁgééztt(e) awﬁgﬂggg)ﬁﬁﬂggngi gﬁi\oﬁ%rcacﬁg,% ghcl%ll Sand
combi nat i @B&iﬁé&bf@ﬁviﬁnﬁg feoésinbiRd conveisidny rate dfidll mdmoagrs byvheltotépend

on the requirenents for clean up of the recycle propylene and conononers as
wel | as t meonenoetufeed patepdVher moridmemialerds arenusedgthet convsrdionyof thexmore t y .

The catal yst killing agent may be_int d.i th t fl t

st ream af %@Ctlﬁ’ﬁemﬁpgghegr@m@?’é‘d“&)i/‘gﬂl[/?é‘?"le’gﬁ% bbgi’gﬂh&rtethrégﬁgéfr"fﬁ ecﬁag?ce and
uantit L1 e - I eqgli f
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the killi ggmpafasht($)ocan BVsisstatidliy HighRe tiare thedlorsldd di eesioR VARIEsSgiven
[ 00239] The pol ymers produced by processes disclosed herein nmay be nmany

st ruct ur eabgye sindican|bedissentiddlyt corapleté,rmppeoaching b0O¥k, |inear, radial,
star, branched, and conbi nati ons thereof

Product Separation and Downstream Processing:

[00223] 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 aAhigh-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
product streams of all reactor trains of the parallel reactor bank is also referred to
as, separator-blender, separator-blender vessel, or separation-blending vessel
recognizing its dual function of blending the said polymer-containing product
streams while also separating a monomer-rich phase from a polymer-rich phase,
the latter of which comprises the polymer blend of the in-line blending processes

disclosed herein.

[00224] In certain embodiments, single-stream high-pressure separators

employed to partially recover the monomer(s) and optional inert solvent(s) from



[ 00240] Sone forns produce produce pol ypropyl ene and copol yners of

pol ypropyl ene with a unique mcrostructure. The processes disclosed herein
can be prwotwesad2much that novel isotactic and syndi ot aeCiraSearmpesse i ons
are made. In other fornms, crystalline polymers are nmade. [00241] The
processes disclosed herein produce propyfene polyners with a nelting point
of 60 to 165 C, and a wei ght-average nol ecul ar weight of 2,000 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. [00242] The proces di scl.ose he ein 0

with a hethe ?ﬁﬂqeﬂgpgﬁ S“léi% reagt 8& trgmn Egzére geny%ng/t ep8 yrgerI ‘%?fde?tﬁe ot her
form the e ro o) of u
to 110 o/ "BF cEPEfeD BPREGERRRCE Ot SBCH PN B AR, it efiiialor”] 1P
- product btelnqefiSbl@ad@ ome tére m@@%ﬁ@e&ehﬂaﬁsﬂ hareainh with lael essnidran 1000
wt ppm or |ess than 500 w ess than 100 wt ppm or less than 50

wt ppm onntedused reactdOtrain pfiinent noanoltdhasrmdrmmr-nnb m@sq/ ands pelymered

her ei n conplseles than 1 wei ght %su res due, IesthanOl
wei ght % I'§ P]?s%s§t arlatten afe W 5‘8&1 IJY ?thSn -lin

Sl car oplnQblR phdfeef HiIEf S Redty ."?ﬂ*c 235%*" FETS@%{ ﬁ‘%ﬁt’ A R A
or |ess tRaih-pRs¥rePiPpasitbt PRrced upstream of the separator-blender also functions
as a buffer vessel (separator-buffer vessel) by allowing the fluid level of the
polymer-enriched phase vary in the separator-buffer vessel. Such buffering
enables a more precise control of the blend ratios by compensating for the
momentary fluctuations in the production rates in the individual reactor trains of

the in-line blending process disclosed herein.

[00225] The polymer rich phase of the separator-blender may then be
transferred to one or more low-pressure separators (LPS also referred to as a
low-pressure separation vessel) running at just above atmospheric pressure for a
simple flash of light components, reactants and oligomers thereof, for producing
a low volatile-containing polymer melt entering the finishing extruder or
optional static mixer. The one or more low-pressure separators are distinguished
from the one or more high-pressure separators in generally operating at lower
pressures relative to the high-pressure separators. The one or more low-pressure
separators also are located downstream of the one or more high-pressure
separators including the separator-blender. Moreover, the one or more low-
pressure separators may function to separate light from heavy components
comprising the polymer blend of the in-line blending process disclosed herein,
whereas the one or more high-pressure separators may function to separate light
from heavy components upstream of the low-pressure separator (i.e. monomer-
rich phase from polymer-rich phase) and may function to blend the polymer-rich

phases from two or more parallel reactor trains or may function as buffers. As



[ 00244] Di enes can be used as a conononer to increase the nol ecul ar wei ght
of the resulting polyner and to create | ong chain branching. Vinyl chloride
can be usw0 20@s/@®2310nononer to increase the degree of vi Rgr/uSesoTionsské on i n

t he polyner. [00245] The processes di scl osed herein can produce

| ong- chai n-branched pol ypropyl ene. Longeghai n branching is achi evabl e using
the processes disclosed herein regardl ess of whether additional a,co-diene
or other diene such as vinyl norbonmene are used. In one form less than 0.5

w %diene is used in . the,cqnbined feed to an I ri zation trai p.of the
reac(; or bQﬁ‘F(Y‘OWSIYeﬁ’tﬂ’éfj'r \Fe IY8N-PEESSuRey, Sppagatpr %pg Br/aq%_r%azt\],&e:'l)%re&;qrr%é]éom %
or 1000 r..5 r o] : ar, g

[ 00246] | \rll\ﬁlg%qn%n ?Sgraﬁs?ﬁﬁqnes roctgg’séé&g?{gél gés)sregsl’hgeerpé?%l%v‘f)é?\glgel’ usgpérl%%gs a

conpnoner bighder &Rs$tl.eoe séptitatite b ling sl doe Bepeaopiemdes. M'Eleiute og from
that use. Additionally, the processes disclosed herein involve a

copol yner itheatteon  Fpressureti Of congfriotiomp vdthe rlow-presswtien separatasaend ohighncl udes
propyl ene and et hyl ene copol ynerizatjon wth an amdi ene and th appl yners
Phat ar e RERRUICTHRPSEIER RO Eeanh iR, IdsatiGhsho phspIRiF Breseite deyelsl sER) ¢

i ncl udi n I | A

fioers, 1 eEoebaBiit Spetdt B buk 1 FlelelyTHRAJER 15 BRARIRE 261508 dfipfente 011

particul aip Yoredsues At avhichl fest ephfiforst OperatedMbeneraR$! sépdrators Aoéated ed
films, injection nolded articles, - 104 - blow nolded articles, foaned
articl es, dovastreami inathesinalimke blemding proeedses disclosed herein operate at lower

pressure relative to separators located upstream.

[00226] In one embodiment of the fluid phase in-line process for blending
polymers disclosed herein, polymerization is conducted in two or more reactors
of a type described herein above under agitation and above the cloud point for
the polymerization system. Then, the polymer-monomer mixtures are
transferred into a high-pressure separation-blending vessel, where the pressure is
allowed to drop below the cloud point. This advantageously results in the
denser, polymer-rich phase separating from the lighter monomer-rich phase. As
may be appreciated by those skilled in the art, it may optionally be necessary to
increase the temperature before or in the high-pressure separation vessel to
prevent the formation of a solid polymer phase as the polymer becomes more
concentrated. The monomer-rich phase is then separated and recycled to the
reactors while the polymer-rich phase is fed to a coupled devolatilizer - such as a

LIST dryer (DTB) or devolatizing extruder.

[00227] The recycle runs through a separator, where the pressure depends on
the pressure-temperature relationship existing within the reactor. For example,
supercritical propylene polymerization can be carried out under agitation in the
single-phase region in the reactor at 40 - 200 MPa and 95 - 180 °C (see FIG.
23). The product mixture can be discharged into a separator vessel, where the

pressure is dropped to a level of 25 MPa or lower, in which case, the mixture is



[00247]1t should be noted that while [inear occo-dienes are disclosed,

ot her dienes can al so be enployed to nake pol yners using the processes

di scl osedwben@ios2s1These woul d i ncl ude branched, substit eCcedsajocm23s2@€nes,
such as 2- nethyl-1, 9-decadi ene; cyclic dienes, such as vinyl norbonene; or
aromatic types, such as divinyl benzenggg[00248] Ot her forms include
copolynmers having from98 to 99.999 weight %olefin units, and from 0. 001
to 2.000 weight % a, co-diene units. Copolynmer fornms nay have a

i ght - .ol | ar, I ght 50,000 to 2,000,000, tallizati
{empor at UPELO i6r¥lud oaiat Y BTle tiAMBRAYBRT M oty SRl et ST GRAD, £Rg/ m n
to 1500 d ' T f ' - hi | |
e nsi oIy kot b oBHARAY IS Bk N RARRRS) 2l RS

agents. [ Gag4¥Hemh. RELT1909! 36, S5D6-55250ndEbos RE hLIBRid FHas® Eduil. 938999
wei ght % of “propyl ene units, from 0.000 to 8 wei ght % of olefin units other

t han pr opyb@ne9his3S-dfltiat thne iomomererich phisghwovtdaaropriseeless than ahout
Copol yrmer for have wei ght - ayer age nol ecul ar i ghts.from 20,000 to
2,000, oooP-chnz’@gﬁl)iP‘zfamP!ﬁ?uhaéﬁﬁ%lﬂﬁf 8P %fmﬁflchﬁﬁ‘{e ?ﬁEn of PBRrRAMIEEr nal
nucl eatin f S5, t ' 0
dg/mn. T éﬁgb%g%ﬁéﬁ%%f%% n?hn%?%b’gn g‘gﬁ"%@ﬁ%ﬁé %g)gﬂ(gb %Ieeg ??}%H tg?lgl%gfi ns
(Wi th oneaidehsityaf app@iximhtein 0.3 hoig g/mlxt ures thereof Mre specifically,
ol efins include ethyl ene, butene-1, pentenel, hexene-1, heptene-1, 4

-met hyl -1 -pentene, 3-nethyl-1 -pentene, 4-nmethyl- 1 - hexene, 5-nmethyl- 1
- hexene, [00228]ne, Alssdatriagehatithepdessaneis dvoppid dapidiye erough, fdHBxample,

nmet hyl pent ene-1, hexene- 1, 4-nmethyl pentene-1, and octene- 1. The .in-line
bl endi ng greatersthan or stquebda ahousi lgﬂ%/qﬁcwhe ePhases evidlo separater aridbhout

h f nt. or i n,an.environnent .w | ow sal ion.
the use Opexsncl){tt\{r?g ttheo recyclea of the moonorrrr?ert-n% tptﬂaseoas %Ollu\qllﬁa,t wclt r(])% rt‘lt1er ?stshg n

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.

[00229] The polymer-rich phase is 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 process to
separate remaining volatiles from thé final polymer, eliminating the need for
steam stripping. Working under low vacuum, the polymer solution flashes into
the devolatilizer, exits the unit and is then transferred on for further processing,

such as pelletization.

[00230] Any low or very low molecular weight polymer present in the
monomer-rich phase to be recycled may optionally be removed through "knock-
out" pots, standard hardware in reactors systems, or left in the return stream
depending upon product requirements and the steady-state concentration of the

low molecular weight polymer fraction in the product.



[ 00251] Propyl ene pol ymers produced typically conprise O to 60 weight % of a
conononer, or 1 to 50 weight % or 2 to 40 weight % or 4 to 30 weight %
or 5 to 2sowedsyisesi¥g or 5 to 20 wei ght % and have one ecTmsc@70382d. a
heat of fusion, AH , of 30 Jig or nore, or 50 Jig or nore, or 60 or nore,
or 70 or nore, or 80 or nore, or 90 or jggre, or 95 or nore, or 100 or nore,
or 105 or nore or an AHf of 30 Jig or less, or 20 Jig or O; 2. a vveight
average nol ecul ar wei ght (as neasured by GPC DRI) of 20,000 or nore,

Flow rat LIZHT1 adh AOItERN R BROSSSSaBIeRT BIBES ena@gzgg%ag%ﬁs% Lk
ore, or El?il‘éﬁ?@ t&e Ftatﬁglc]a?ly i(g%/e@a&’tloﬁ bfﬂ%lhg%o% Gdkr bRIREIVNYOE Of 55

C or nore nmore more, or 10c or

nore, bet ¥yeRRsi gihahiiglﬂ-&ﬁnﬁéraﬁlre@[bdﬁ%mfas measur ed by GPC DRI) of about
1.5 to 20, or about 5to 10, or 1.8 to 4. [00252]In another form the

pol ymers produced by the processes disclosed herein have a nelt viscosity
of |ess t[G0232), 000n cawthgrofoses pdtlyheizatios iseasdnetgdoat corslitiohs belaw

vi sconeter, or between 1000 tq 3000 cP for sone forns ch as packagi ng
and adhes theeelpud poet; watnthsaudy mes-monemer gpxiuse tr@pmé%fg]‘:ﬂ fi&ﬁ‘ﬁ .19

separation vessel, where the pressure could be further lowered if desired to
enhance phase separation of the polymer-rich and monomer-rich phases. In
either of the forms herein described, the 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.

[00233] 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. 25, for reactors operating in a single
liquid phase regime, a possible region for operation is just above the LCST and
vapor pressure (VP) curves. The optimal region (shown within the shaded oval)
for operation occurs at temperatures just above the lower critical end point

(LCEP) and at pressures slightly above the LCST curve.

[00234] Referring now to FIG. 26, for reactors operating within a two-phase
fluid-fluid regime, the possible region for operation occurs basically anywhere
below the LCST curve. The optimal region (again, shown within the shaded
oval) occurs just below the LCST and above the VP curve, although, as may be
appreciated, many factors could have a bearing on what actually is optimal, such
as the final properties of the desired product. As recognized by those skilled in
the art, the two-phase liquid-liquid regime is the economically advantageous

method if polypropylene is to be produced with a revamped HPPE plant.



Pol ymer Bl ends and Pol yner Additives: [00253]In sone forns, the polyner

bl ends produced by the fluid phase in- Iine polyner blending process

di scl osedwbepes/as2simcl udes two or nore polynmers, includi rgThisoomrorsske m ted
to, t her nopl astic polyner(s) and/ or elastoner(s). - 106 - [00254] A
"thernoplastic polynmer(s)" is a polynengjhat can be melted by heat and then
cooled with out appreciable change in propertles Ther nopl asti c pol yners
typically |nclude but are not limted to, polyolefins, polyanm des,

pol yest er |.ycar bgnat es, pol opes, | yacet al.s | act ones,

acryl oni tqu t adi %‘TEE%IPQE’ gﬁ(it‘rsﬁ’pgq’ljog%ﬁ%eeﬁ@eé%ﬂfé MEHZAIRAS | ene
sul fide, cl.yl e n nldes
aromat i BOTURSED 2 cORlitichs FoHISY e, GbUATPREFEaE} ShACPYER A el T T00

i ncl ude, RHknRe etr &poltedi doed %ﬁmrﬁ@ﬂriﬁ”ﬁ'@ﬁ%@Béﬂa@drﬂgh@rlﬂ)s@ibl@%gldﬂ ofar,
branched or cyclic to Co olefins, polyners conprising propyl ene

copol yner bpemtiontiy amyavhere neslewCtheoEL OST torve and rabov€3he oVEZ@raBphEh
olefins, or C3 to.,Cl0 a-olefins. Al so pgl @iefl s includ are not
linited t8ptpal mpg (agaipr FLOWR veithip thgs aﬁ Qyab Pcsuts WHS“}F U POgLIPR

or opy! enetidy BPT, EE6 abinbfab i r? 589 b Prbfbunf S Dt I
synt heti cijypashi adsifdsulatthe 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).

[00236] 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.

Catalyst killing:

[00237] The use of the processes disclosed herein and the relatively low
pressure in the separator vessel greatly reduces the monomer concentration in
the liquid polymer-rich phase, which, in turn, results in a much lower
polymerization rate. This polymerization rate may be low enough to operate this
system without adding a catalyst poison or "killer". If no killing compounds are

added then the killer removal step may be eliminated.

[00238] If a catalyst killer is required, then provision must be made to
remove any potential catalyst poisons from the recycled monomer-rich stream
(e.g. by the use of fixed bed adsorbents or by scavenging with an aluminum
alkyl). The catalyst activity may be killed by addition of a polar species. Non-

limiting exemplary catalyst killing agents include water, alcohols (such as



t hose defined in ASTM D1566). Exanpl es of useful elastoners include, but
are not limted to, ethylene propyl ene rubber, ethylene propyl ene diene
nononer rwbleess/08sityr eni ¢ bl ock copol yner rubbers (i ncl ugcm@s3o7/058%) SB,
SBS, SEBS and the |ike, where S=styrene, |=isobutylene, and B=but adi ene),
butyl rubber, hal obutyl rubber, copolyngss of isobutylene and

par a- al kyl styrene, hal ogenat ed copol yners of isobutyl ene and
para-al kyl styrene, natural rubber, polyisoprene, copolyners of butadiene

Do bl e e, BB arﬁ“%bi%ﬁd?q‘éﬁ%@%aﬂéﬁ% s j ene

rubber (b e | &)
produced ﬁ&?e&r@?ﬁigﬂd i@%@%@g@@%@% %ﬁs&oe eﬂ |c t[%lli"feyp opél:ﬁéntg |gh| y
i sotacti Cc[é&hYG;? QWE]%W?eC}&Bl@Cbr@b?&thaﬁ)@'d(ﬂﬁ&Wh@Qeas a1l iy trpekydmt of
propyl ene and ethyl ene and/or butene and/or hexene, polybutene, ethylene
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hi gh-pressure free radical process, polyvinylchloride, polybutene-1,

i sotactic pol ybut ene ABS reS| ns, et hyl ene- propyl ene rubber (EPR),

vul cani zedobprer HiE sl ymer, styrenic bl ock copol ymers,
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poly-1 esters acet vinyli |ne uor’i yl'ene g yéols
and/ or pohjd sohibiydtiig.theéR257] 1| n anot her form elastoners are bl ended
usi ng the processes

[00240] Some forms produce produce polypropylene and copolymers of
polypropylene with a unique microstructure. The processes disclosed herein can
be practiced such that novel isotactic and syndiotactic compositions are made.

In other forms, crystalline polymers are made.

[00241] The processes disclosed herein produce propylene polymers with a
melting point of 60 to 165 °C, and a weight-average molecular weight of 2,000
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.

[00242] The processes disclosed herein produce polymer with a heat of
fusion, AHy, of 1-30 J/g, 2-20 J/g, or 3-10 J/g. In another form, the processes
disclosed herein produce polymers having a AH¢ of up to 110 J/g, alternately 50
to 110 J/g, alternatively 70 to 100 J/g.

[00243] The processes described herein can produce polymers having little

ash or metal residue from catalyst or supports. Typical ash contents in the



di scl osed herein to formrubber toughened conpositions. In sone forns, the
rubber toughened conposition is a two (or nore) phase system where the

el ast omerwp=o@/deHeont i nuous phase and the pol yner prodecedsheroeis2e s a
conti nuous phase. This blend may be conbined with tackifiers and/or other
additives as described herein. [00258] lypzanother form the polyner bl ends
produced by the processes disclosed herein may include elastoners or other
soft polymers to forminpact copolynmers. In some fornms, the blend is a two
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commer ci alesR R4l $0S vRTIHIY SBIEaVbF fes§ dedh PRLAIDPEA Richl vat or conbinations are
comerci ally avail abl e from ExxonMobi | Chem cal Conpany in Baytown, Texas

under the tradenanmes EXCEEDTM ACH EVETM and EXACTTm For nore information
on the ne{0og#t]and Dieghed Yahsbaaisedahoras comononuctd snerbadeo oy ahyleeukar and
copol ymers see WD 94/26816; WD 94/03506; EPA 277,003;., EPA 277,004; U_S.
Pat. No. %eiglg, obthe uesiltipgt polymersand do sgeateylong phain Reanchingio Byl u. s,
Pat. No. 5 17,714&)CA ,268,7535 U.S.t Pat. No., 5,324 890' %?A 129f368;

U S. Pat. SRgrids cagbepsed 5nCeBnomeT tiigsagthe degrpe o Wiyl tgminglign s’ g7,
u. S Pat.ir{\lg,eéi,@glér_ﬂa EPA 426 637; EPA 573 403; EPA 520 732; EPA 495
375; EPA 500 9447 EPA 570 982; W91/09882; W94/ 03506 and U.S. Pat. No.

5, 055,438. [00260] I n sone fornms the polynmer bl ends produced by the

pr ocesses [0 245]0s e Hee padessdiC HisdRosed chérelny keh prodlc@ MoAf-chairRBrasehedt %
based upon the weight of the polymers in the bl'end, or 20 to 95 weight %

or at | eapolypoopylend wel.omg-chginorbranchingsis 4@hievable wadingt the processes east

o0, 0,50, Rl o B G S 0 SN e RS P ReRED ¢ e
bl end. 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.

[00246] In some forms, the processes disclosed herein involve using as a
comonomer an a,m-diene and the olefin/a,w-diene copolymers resulting from
that use. Additionally, the processes disclosed herein involve a
copolymerization reaction of olefin monomers, wherein the reaction includes
propylene and ethylene copolymerization with an a,w-diene and the copolymers
that are made. These copolymers may be employed in a variety of articles
including, for example, films, fibers, such as spunbonded and melt blown fibers,
fabrics, such as nonwoven fabrics, and molded articles. More particularly, these

articles include, for example, cast films, oriented films, injection molded articles,



[00261] I n another form in-line polynmer blends are produced from

propyl ene- based pol yners nade at honobgeneous pol yneri zation conditions,
parti cul avbyoestoskiaai k honmogeneous pol yneri zati on conditi ea3/UuSsacio2ss30 bul k -
109 - honobgeneous supercritical or bulk solution polynerization, and
conprise the follow ng: (a) 10-20 wt %;@f isotactic polypropyl ene wth
0.8-10,000 g/10 mn MFR and nelting peak tenperatures of 80-165 C plus
80-90 wt %crystallizabl e ethyl ene-propyl ene copol ymer conprising 10-16 wt
% et hyl ene_content and 0, 8-100 g/10 mn MER or .(b) 15-90 w, % of . i sotactic
pol ypropygm mqlﬂeg.%tlﬂisod"@ag’/eﬂo agti¢lesF RO larinatesy andathermpformed es of
80-165 C ﬁl us 10-85 wt % propyl ene copol yner of isotactic pol ypropyl ene
crystalli m“éesconpri sing 1-20 wt % et hyl ene or 1-40 wt % hexene-1 or 1-30
wt butene-1 content and 0.8-100 g/10 min MFR or (c) 10-30 w % of isotactic

pol ypr opy i th = 10,:000 g/ Wop Il e res of
80- 165 C E@@’Q‘o_ 769\%?0@}%%\?%@9;‘?'3 " ﬁ%@‘%%"%hffbg? aﬁ%ﬁﬁs.‘"‘%?ﬁté%‘%?ym
with MR dfen@s &ah081s8/b0emiplo¥d to make polymers using the processes disclosed
herein. These would include branched, substituted o,w-dienes, such as 2-
methyl-1,9-decadiene; cyclic dienes, such as vinylnorbornene; or aromatic types,

such as divinyl benzene.

[00248] Other forms include copolymers having from 98 to 99.999 weight %
olefin units, and from 0.001 to 2.000 weight % a,®-diene units. Copolymer
forms may have a weight-average molecular 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 dg/min to 1500 dg/min. These forms display high crystallization
temperatures intrinsically, hence there is no need for externally added nucleating

agents.

[00249] 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,®-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 dg/min to 100 dg/min. The accompanying olefin
may be any of C,-Cyy a-olefins, diolefins (with one internal olefin) and their
mixtures thereof. More specifically, olefins include ethylene, butene-1, pentene-
1, hexene-1, heptene-1, 4-methyl-1-pentene, 3-methyl-1-pentene, 4-methyl-1-

hexene, 5-methyl-1-hexene, 1-octene, 1-decene, 1-undecene, and 1-dodecene.

[00250] Copolymers of isotactic polypropylene made under supercritical

conditions include ethylene and C4-C,, comonomers such as butene-1, 3-



[ 00262] The in-1line polyner blends produced by the process disclosed herein
may be al so bl ended with other polyners and additives using the in-line

bl endi ng woao@as2510r ot her pol yners and additives depi cted/tsaooFiogas2dl, in
an extrusion process downstream of in-line

pol ynmeri zati on/ separati on/ bl endi ng praogggses di scl osed herein, or blended
in an off-line conpoundi ng process. [00263] Any of the above pol yners
included in the in-line polynmer blends produced by the processes disclosed

herein ma fiinctionalized, Functignalized neans that .the, pol r has
been cont é&‘{%ﬁlﬁlpﬁpt@ﬂe'&]ﬂ %g{qj}atlégleél&ﬁae%tpng- hy 814 RCteResl g L euﬁgﬁflﬁr at ed
aci ds or | Tl at jnC HYuRithe Ny at
| east one?’([jk!(%igrlKl %gg(?)cnéggééngggl&?ée{algé?é@néeg%gf%g%?H%EF oﬁ i e%?scej?ceint at itgg aci ds
i ncl ude cag®eryblvenes: idsan @nfiyshrhérgswithk 36 Wrsdlvmt cohedrtraidnt s, both netal lic
and non-netal lic. The organic conpound contains an ethyl enic unsaturation
conjugated with a carbonyl group (-C=0). - 110 - Non-limting exanples

i ncl ude nf00251] f uPropylenagoyymers pridoaed yypically cenprise,0 to 60omeight %

al pha-nmet hyl crotonic, and cinnam coaci ds as wel | as their anhydr| does,
esters an@f 8£0MeNAmeraor Jde. S0vmeight %nes it 48 weighheo, 014 tdV aveight %, The

unsat ur at ed -aci~d or. hydri i resent _a bo ight %to about 5
wei ght % Obﬁ%gtzga‘%'@?‘po/&§r\£ Og%(? 01%1@ %b%‘ﬁ‘i hgv?/vgﬁ%a{ %3%%8? at about 1 to
about 3 wei gt aYeaPSFARIMDNH] Nf YET/SUr Mbrd, B8 50YWS BF A{dteor 63 bPnisie, t he
unsaturated aci d or anhydfide.’ [00264] Tackifiers may al so be bl ended either
in-1ine by theopff0aesseas, dr 860lovsnorehor 0 or (sare, 61 & ot horej or 10hervi a an

extrusi on process downstream of in-line fol)/mari zati gn/ separ ati on/ bl endi ng
processes di scmaedonm)xpnmase or gnH ook 30 J/igeordess OuAdiWg opPocess. Exanpl es

f ful tagkifi i ncl ud but . limted , i i b
esine, ar ot Poveial TS FioRcInE AR ses o Pa b5, PO IRTL GEAdYER o "
pol ycycl opent agi. e’r&53(;1,6035%gyméw%}tm(ﬁpﬁ)a?@g??’,Orgs{m)_’ 0@%d NS, gum

rosin esters, wood rosins, rosin’esters, rosins, tall oil
rosin esters, go0yo0Otpenes, aromatic nodified pol yterpenes, terpene
phenolics, aromatic nodified hydrogenated pol ycycl opent adi ene resins,
hydr ogenat ed.arimelafliosv rase ph 0. higinigaraners, o i()p%ég/imma?rdnatq, erdekins,

hydr ogenat ed terpenes and nodi fi ed rpe nd  hydrogenated rosin esters.
I% sp?rg enbodi ﬁgﬁf"s{l QIHROFS, O Betwren @qhwgggﬂgtd%@nm’n gt her enbodi ments the
tackifier is4nanaBthapea0nBetard G033 é¢ S ndeCo #HSEAR hBH, Yr108eCOf

mononers havi'ng po groups. pol ar groups are generally 'not present;
however, if preseaiire, 6thE}S &C @r medrepoe$SMPCatr moregbetvadenSl 4earghl 69°Cor  not
nore that 2 weight % or no nore than 0.5 weight % In sone enbodi nents,
the tackifier. BaMa/Mofasgneasypred bytGCRGQDRDofcrbeak 11,5 tos2 Grearabout 1 1HytoASTM
E-28) of 80 C Eﬁ 14g g or 100 Cto 130 C. In sone enbodi nents the
tackifier is fuaHcPi b84Pi%ed. By functionalized is neant that the
hydrocarbon resin has been contacted with an unsaturated acid or anhydri de.
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herein have a melt viscosity of less than 10,000 centipoises at 180 °C as
measured on a Brookfield viscometer, or between 1000 to 3000 cP for some
forms (such as packaging and adhesives) or between 5000 and 10,000 cP for

other applications.

Polymer Blends and Polymer Additives:

[00253] In some forms, the polymer blends produced by the fluid phase in-
line polymer blending process disclosed herein includes two or more polymers,

including but not limited to, thermoplastic polymer(s) and/or elastomer(s).



doubl e bond and at | east one carbonyl group. Representative acids include
carboxylic acids, anhydrides, esters and their salts, both netallic and
nonmet al IWo.20m82z511 gani ¢ conpound may contai n an et hyl eRCt/usa@atoessat i on
conjugated with a carbonyl group (-C=0). Non-limting exanples include
mal ei c, fumaric, acrylic, methacrylic, jpgaconic, crotonic, alpha-nethyl
crotonic, and cinnamc acids as well as their anhydrides, esters and salt
derivatives. Maleic anhydride is particularly useful. The unsaturated acid
or anhydride may be present in the tackifier at about 0.1 weight %to 10

wei ght % or at 0.5 weight %to 7 weight % or at 1 to 4 weight % ased
upon the [RQ254] of A hthernophsticopelymes(s)" 4n@ pelymaisthaticand: maledopy

anhydri de 002 The tackifier, if presen | s. typical .1

wei ght % PS‘L%‘H‘ eé‘h‘EOC{%‘fB%{ 8“&68%??3’?%}’6‘?&6 gt Ef‘i?&%%’%ng‘?‘%g’rﬁgﬁlé‘%m%i ght %
to 40 wei 0 H &0 it9liniféd EENBHRIO1MIMY Amide&cki fier
I S not prggg’rﬁrsgfyp?%l}gfég%?% |bgt ;b?%?gjnt at1 | ess ?hgln 1(13 MV?‘%IZtm% or less
than 5 wepglyestérs, polpdarbersates, padysilfariespolyacdtold 2p6llylact ames; herylémitnie- t he

pol ymer bl ends produced by the processes disclosed herein fuyrther conprise
a crossl i hutadienggyirencTiesing: potynhemylepeagrade. palyphenyleas sadfide. $¥renst t her
in-line by the .processes disclosed herein, (see .Fl. 11 .n-1kne. via an

ext r usi onXWE?:‘B&IeJSW?@t %%%ﬁﬂe(ﬂ‘?ﬁ:hq P rb‘!ﬁ’ )‘W@PFQ%%’ (?ﬁ%@@bgrpé’{lﬁf)eﬁwﬁaséndi ng
processes digehRsedr ReS B gnorerof*tﬂe %BOQé.f P#)la’b‘?ef?ﬂ ReHRE Bat RfedtitIfnitégef ul
crosslinking agents 1 nclude those having ncti1onal groups that can react
with the agipblphesndumptisiagameugr otk linedriyibmnghed bokgclier, tto @5 olefinsyes,

di am nes and/or triamnes. Non-limting exanples of crosslinking agents
usef ul i npblyseerp slomprisieg psepsiers cepolymenizad ayith enc or arorg ener £ 48ae,

hexamet hyl di am n dj et hyl ani i nopr opyl am and/{ or n nedi am ne. -

112 - [OOQ%Sn éﬁ%ﬁ%@?ipﬁ@r#ﬁ?ﬁé’rg@% Vﬁéio %'IOE 'pﬁkguggﬁ%ﬁl}ﬁ%@cg‘m&esses
but are not limited to, polymers comprising ethylene including but not limited to
ethylene copolymerized with a C; to C4 olefin, a C; to Cy alpha olefin,

propylene and/or butene.

[00255] "Elastomers" encompass all natural and synthetic rubbers, including
those defined in ASTM D1566). Examples of useful elastomers include, but are
not limited to, ethylene propylene rubber, ethylene propylene diene monomer
rubber, styrenic block copolymer rubbers (including SI, SIS, SB, SBS, SEBS
and the like, where S=styrene, [=isobutylene, 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).

[00256] In another form, the polymer blends produced herein may include
one or more of isotactic polypropylene, highly isotactic polypropylene,
syndiotactic polypropylene, random copolymer of propylene and ethylene and/or

butene and/or hexene, polybutene, ethylene vinyl acetate, low density



di scl osed herein, and/or blends thereof, further conprise typical additives
known in the art such as fillers, cavitating agents, antioxidants,

sur f act anwe,20@sdjsesant s, pl astici zers, bl ock, anti bl ock, Pcoluse007/025820
mast er bat ches, pignents, dyes, processing aids, UV stabilizers,
neutralizers, lubricants, waxes, nuclegljyng agents and/or clarifying
agents. These additives may be present in the typically effective anpbunts
wel | known in the art, such as 0.001 weight %to 10 weight % These

additive may be bl ended either either ip-1li y 1 hg processes djsclosed
herei n (s@@YﬁtlwleM) depﬁlﬂ/i&rgléi taogﬁsse fhsé]-g%? pg}&é% s |63 oM LFnStY

i n an of FPPEHERYERR B 65, 8ol g0, PoRRubRln B BRRAF R NG RISNATFRD.
agent s ang/GhNwehe fbw bndfg THolyéthglasbe(dehsitni0u00 ¢ edsCthan TROE5 Wiem’®),

carbonate, barium’sulfate, Silica, "silicon dioxide, carbon black, sand,

gl ass beadsediuminndemdityagohyeghylene (dehsity €1.236 aodeshehdn 10694 Ngéema) ihighagent s
of the non-clarifying type inc|ude, but not lLimted to, .sodi um
benzoat e, dangifhPolpet Xl,enﬂrr{‘i%ltNAS-?f? %%-ﬁﬁlg}icﬁg F’IFI‘N(?@B? Vi 66§teksef ul

ant i oxi dang,s ;and tablili I ncl .:C | Q] as

| r ganox ;Sﬁ-ﬁflerﬁ 6‘%&3 @%ﬁg{%ﬁﬁhgg\ﬁﬁﬁﬁqﬁg&ﬁg&% B@g&eﬁégﬁ?%k?%wﬁggfnc| ude
par af fi ni gnor oiaPid19mess PdIgmeHchbRS b h MRighIPréssute frek "RIdichl Gpryeatd, abl e
from ExxonMobi | Chenical France, S.A in Paris, France. The oil's may

i ncl ude apbphanylchlvejde; heolybutenksl, isbtdceicopblybaterieheABSkeesins, ethylene-

[ 00270] Pl asti ci zers, and/ or_adj uvant s i nclude mneral oils, polyhutenes,

pht hal at egremdensubbsre(ERRD ﬁulg_gr_@izgd;%%g, HRDMachlogk ¢AMOARINSE.o8YEGIHE as

i octy1 proleskEr SR BB e i oD CalmaRaS BETop Bbisso cxoapliked po

i | onaP HI B b B By T B SR %™ bt e

Appl i cat i ethylNene virlyll3alcohol copolymer, polymers of aromatic monomers such as
polystyrene, poly-1 esters, polyacetal, polyvinylidine fluoride, polyethylene

glycols and/or polyisobutylene.

[00257] In another form, elastomers are blended using the processes
disclosed herein to form rubber toughened compositions. In some forms, the
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.

[00258] 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.



10/ 640, 435, and U.S. Patent Application No. 11/177,004, which are

I ncorporated by reference herein with regard to plasticizer conpositions
and bl endvogoasmsesaef [ 00271] Useful processing aids, | ubPCTArsL&)7/02%82€s,
and/or oils include | ow nol ecul ar wei ght products such as wax, oil or |ow
M, polyner, (low neaning below M of 5@gQ, or bel ow 4000, or bel ow 3000,
or bel ow 2500). Useful waxes include polar or non-polar waxes,
finctionalized waxes, polypropylene waxes, polyethylene waxes, and wax

nodi fiers 72 ef ul nct o d wa ncl ermdf e ith
an al coholI06 ac? n 65“‘5 &@%%e ILRF?YV’SHS);%%EI n‘ﬁﬁﬁ? erFWeI‘B%S'IL@Fr\éMr has
been cont | t ted
aci ds or g%hg@ éltezp (ﬂg ﬁﬁgd& y un a@ura@qlgegﬁ%gg!@?c%ﬁggﬁyngnpﬁ a??llleng at
| east one n@lelaha rAPP thoishoAy meAGH copity Bisfshire )ty p@ally profegeidassing aionve aci ds
I ncl ude carboxylic acids, anhydrldes esters and their salts, both netallic

and non- nerabisrc,ycldlbmltmdlgaylll dransntnnurrnetadiycatab'lsm nnanomUmtm cwith an

unsat urati on conj ed with a rbonyl gro mtin exarrpl es
el ude: Y &or raloabPHnoKene And/or o deacshpra ating A an salbfgny Sty

al pha et vl SRESAN By ARdRIPRaTHE GRAJS: AT WkvaRR, DG g A1 &&#cﬂ%%

esters an erliva | ei'c an el1s partic se

unsat ur at @es@spdHed ad _/ydi@pé‘fﬁ%{dléﬁypﬁﬁgﬁﬂiay%e Qulistiﬁ@tleﬁfﬁr &ﬁsuastmte@el ght
% or at 0.5 weight %to 7 weight % or at 1 to 4 weight % based upon the

wei ght of Steheraﬂ\ydrruneﬂctairprommtmpmdilcedemtlnsmhwaiakydt/actu‘ohtor cemhimhtions.
Exanpl es i ncl ude vvaxes nodj fi e y th ne, ei ¢ anhydri de or

mal ei ¢ acPEE CORMNKIALY Fvailablg SF@I'T%J &W@f&l%&fm%l&mwam{dn gYtoMd, such
as propyl n n

I ncl udes ?%F‘%d#‘é‘%ﬁh%@?#&g ﬁf‘*ﬁm}ﬁﬁre%@ hlaﬁ{%%g /Aémlqs g)%cggarrp%rof
such a polydper irform¥Bbh 36h &theNHRELI IR ahaa@ﬁaly@f%dm%e&@—wp%auéd Qich
ExxonMbbi | Chem cal Conpany. PARAPCLTM 950 i$ a liquid polybutene - 114 -

pol ynmer haoeimupolymbts afd Sgolghers seanW Qi 41268163 WO\B4¢03)5306 3ERA 222003st  at

100 C, as_neasured b ASTM D 445. [ 00273 eful_clarjfyin ents include,
Lo A e S e No. 3:153057. U8 Fat. NS, 3 1dgla0P 8% Bar. N

5,240,894; U.S. Pat. No. 5,017,714; CA 1,268,753; U.S. Pat. No. 5,324,800;
EPA 129,368; U.S. Pat. No. 5,264,405; EPA 520,732; WO 92 00333; U.S. Pat.
No. 5,096,867; U.S. Pat. No. 5,507,475; EPA 426 637; EPA 573 403; EPA 520
732; EPA 495 375; EPA 500 944; EPA 570 982; W091/09882; W094/03506
and U.S. Pat. No. 5,055,438.

[00260] 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.

[00261] In another form, in-line polymer blends are produced from
propylene-based polymers made at homogeneous polymerization conditions,

particularly at bulk homogeneous polymerization conditions, such as bulk



benzal sorbitol famly of clarifiers, and nore particularly dibenzal sorbitol
(MIlad 3905), di-p-nethylbenzal sorbitol (MIliad 3940), and bis-3, 4-

di met hyl b&ozadsasesint ol (M1l iad 3988). Applications: [ @Q2ASRMTIM23300 yNer

bl ends produced by the processes disclosed herein are typically used in any
known thernoplastic or el astoner appligagion. Non-limting exanples include
uses in nolded parts, filns, tapes, sheets, tubing, hose, sheeting, wre
and cabl e coating, adhesives, shoe soles, bunpers, gaskets, bellows, filns,
fibers, elastic fibers, nonwovens, .spupbonds, seal.ants, surgical. gows and
medi cal d 9%@%2%\1@@&?%aﬁﬁgﬂlﬁawﬁltaqrt ERPIBEFIZRIION 41 Sarmprise the
enbodinen?g @&ﬂ]applications of the disclosed subject nmatter that could be
reasonabl y gore 2en. However, there may be unforeseeabl e, insubstantial

nodi fications that remain as equivalents. Wile the present invention has

been_descidpaglanive 99iofishiaiic WolbropgRhkiith X8I, 600/ oPTOAAROEFES ahfter eof

It Is evi t that many altera difications, and variations wll be
appar ent to mbhirg peak| ethpenatubes aft 80+165i1°Ghiplus’ 80kL0 fwt gorngtalbzablept i on
wi t hout departing fromthe spirit or scope of the present disclosure.
Accor di ngl v, ethilengrasepplengicoprbynetecomprisingn Hed 6th &esthdeng contept gnd

alterations, (i tio nd vari ations of the above detail ed
0 828, /10 U RIER

descri ption. Sl osure is not inconsistent with this
:Og‘r’ren F‘{ 't gg_(@f'fis-b@fw@% JfUsbR81iC Potrop Pletti v ith 0/811 0,000 &P &iih QUFRE and
melting peak temperatures of 80-165°C plus 10-85 wt % propylene
copolymer of isotactic polypropylene crystallinity comprising 1-20 wt %
ethylene or 1-40 wt % hexene-1 or 1-30 wt butene-1 content and 0.8-100
g/10 min MFR or
(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 or

[00262] 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 FIG. 11, in an
extrusion process downstream of in-line polymerization/separation/blending

processes disclosed herein, or blended in an off-line compounding process.

[00263] Any of the above polymers included in the in-line polymer blends
produced by the processes disclosed herein may be functionalized.
Functionalized means that the polymer has been contacted with an unsaturated
acid or anhydride. Forms of unsaturated acids or anhydri.des 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

contains an ethylenic unsaturation conjugated with a carbonyl group (-C=0).



[ 00277] When nunerical lower limts and numerical upper limts are |listed
herein, ranges fromany lower |imt to any upper limt are contenpl ated.
Al'l nunerwoabosiwabues within the detail ed description anagcrhis2ai7aziseo herei n
are al so understood as nodified by "about.” -116- CLAIMS: 1. An in-line
bl endi ng process for polynmers conprisingp. (a) providing two or nore
reactor trains configured in parallel and a high- pressure separator
downstream fluidly connected to the two or nore reactor trains configured

[ |1 L g ege b tact.i ' t he. t wo, tor,. tr.ai .

cont 1 gur e BNdmigiing 1R et gt pAE sorleife TuriABisy ST it TBRREIRAI% RSO Sat o
2) one or cF&BﬁicC%ﬁ-JaYﬁfet r6t5hic %f@&h%ﬁ’d a@iﬂ? aS'wélPa§ tﬁ&%ﬂﬂgﬁfiée 4)
optional one or’nore scavengers, 'an optional "one or nore I nert drl uent s

or inert goky¥eRhd, salt derMafived.n MigeipohntiiRirideatd @hesSparttRdroforat. | Thet one
of the reactor trains configured in parallel is at a tenperature above the

sol i d- f | uiudsatheated acidnen anhydriderip pregsent et akautd). bvesight % tocabaute weight 10

M N bel ow_t he cl oud pai nt. pressure and | ess than 1500 a, IS in its. dense

fluid stat’e orataboyt BRoveight 3o &o pbpitd w e%apa%awhﬁm ahqut ;3 wrgur e,
%, based upon the weight of the hydrocarbon resin and the unsaturated acid or

anhydride.

[00264] Tackifiers may also be blended either in-line by the processes
disclosed herein (see FIG. 11), in-line via an extrusion process downstream of
in-line polymerization/separation/blending processes disclosed 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
free of monomers having polar groups. The polar groups are generally not
present; however, if present, they are not present at more that 5 weight %, or not
more that 2 weight %, or no more than 0.5 weight %. In some embodiments, the
tackifier has a softening point (Ring and Ball, as measured by ASTM E-28) of
80 °C to 140 °C, or 100 °C to 130 °C. In some embodiments the tackifier is
functionalized. By functionalized is meant that the hydrocarbon resin has been
contacted with an unsaturated acid or anhydride. Useful unsaturated acids or

anhydrides include any unsaturated organic compound containing at least one



wherein at | east one of the reactor trains includes an ol efin nononer that
has three or nore carbon atons, wherein the polynerization systemfor
each reacwvonoaymesiiconpri ses the ol efin nononmers, any cecosxE7/pIsesent ,

any inert diluent or inert solvent present, any scavenger present, and the

pol ymer product, wherein the catghyst systemfor each reactor train
conprises one or nore catalyst precursors, one or nore activators, and
optionally, one or nore catal yst supports; wherein the one or nore

catal yst syste are chosen from Zi egl ef Nana catal ysts,. netal,l qcen

cat al yst s,doHélﬁgEf’%ﬂi I%’é‘e%?‘??éﬁ é?necéﬂfﬁ’g’wli ,grﬁ'éﬁ-ergﬁPiﬁ%emiaBé{ﬁoa‘Egﬁ dpgelgﬁg, | at e
transitio . cat.aly C L.nat i . 1 eqf . : '

react or epgﬁéﬂlci%ﬁ%}d?ﬁ%}’% ohoég%gé%go%id 18 ﬁiéjllrd&gﬁaggem%oﬁnfﬁaeuréﬁ%%%ﬁ{eo?-ng :

m xture i m&aRi. PaTht! ngarn‘?@cé(ﬁﬁﬁélﬁr?d Nmay- cddtdin an ethyleflic Coidatuthfiont he
reactor effluent conprising the honogeneous fluid phase pol yner-nononer

m xture fconjugated pdtiald ehrbrosgttgroupr @iGF@p f Nomlanitnghiexemhplesadoncunde
ef fl uent; . (e) .passing the compi ned reactor effluent through the
hi gh- pr es §ileics ymnaHEoRCIyHE, Bredlrmylin) Bagameg @ﬁ&pr}apoem@@:m%@d?gwapw on;

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 in the tackifier at about 0.1 weight % to 10 weight %, or at 0.5 weight
% to 7 weight %, or at 1 to 4 weight %, based upon the weight of the

hydrocarbon resin and the unsaturated acid or anhydride.

[00265] 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 %.

[00266] In another form, the polymer blends produced by the processes
disclosed herein further comprise a crosslinking agent. The crosslinking agent
may be blended either either in-line by the processes disclosed herein (see FIG.
11), in-line via an extrusion process downstream of in-line
polymerization/separation/blending processes disclosed herein, or in an off-line
compounding process. Useful crosslinking agents include those having
functional groups that can react with the acid or anhydride group and include
alcohols, multiols, amines, diamines and/or triamines. Non-limiting examples of
crosslinking agents useful include polyamines such as ethylenediamine,
diethylenetriamine, hexamethylenediamine, diethylaniinopropylamine, and/or

menthanediamine.



(1) mai ntaining the tenperature and pressure within the high-pressure

separ ator above the solid-fluid phase transition point but bel ow the cloud
poi nt preseun@/mediit enperature to forma fluid-fluid t wecphmss®789y32€@m
conprising a polynmer-rich blend phase and a nononer-rich phase; and
(g)separating the mononer-rich phase frgm_the polymer-rich blend phase to
forma polyner blend and a separated nononer-rich phase. 2. The
process of claim1 wherein in (b) the polynerization systemfor the at

| east one _of the reactor trains configured in parall|el conprises |ess than
40 wt % of09RTlonallnoprother Torte, themolymey diigads produced! 8%@epmeswof

eactor tAReReRddrriphder RRTRpARE, Rngy EbaRTise ShpibaCaddifyal |V

sol i d-f1 uigl tROARCsIIhARS Killefy) &@ﬁﬁﬁﬁgtalgéﬁiﬁ, afdoRidaaay rsﬁﬁ’a@@nts?%juwﬁd}@d}_rﬁo
. e

MPa bel ow the cloud point pressures and | ess than 1500 MPa 2
process obplastigizers, blbekeantiblockprotdrempsteybatchesatpigmesntsstdyes, porcessiagt wo or
nore reactor trains configured jn parallel are at tenger,atures abo t he

sol i d- f | uptispHAYestabHizers, i Rentralizses: dubrieantsn axces BUFating a85RET 3R 10

MPa bel ow t he. ¢l oud pain ressures and | gss 1500 n I se
| ess t han ci?é%ﬂ.ng)/oag?&é‘pt ﬁ‘gﬁgﬁ a?ﬁét“gers W(?P'e8$ Wé%{]e%gp'ﬂiv It g/}Pﬁ caﬁ’y defge%ﬁl%ﬁe
process ofnfdakdWhIVERSEh in e bR) stdtEaP0l00TERERRE 19870 HOSIeIEht 198! THEget WO or
nore reactor trains configured in parallel are at tenperatures above the
sol i d- f | uiaddppivesmay rienblenided dithepeither iedinarisy e peocessesndistlosed heten
(see FIG. 11), in-line via an extrusion process downstream of in-line
polymerization/separation/blending processes disclosed herein, or in an off-line

compounding process.

[00268] 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.

[00269] 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
Primol 876 available from ExxonMobil Chemical France, S.A. in Paris, France.

The oils may include aliphatic naphthenic oils, white oils or the like.

[00270] Plasticizers and/or adjuvants may include mineral oils, polybutenes,
phthalates and the like. The plasticizers may include phthalates such as
diisoundecyl phthalate (DIUP), diisononylphthalate (DINP), dioctylphthalates
(DOP) and polybutenes, such as Parapol 950 and Parapol 1300 available from
ExxonMobil Chemical Company in Houston Texas. Additional plasticizers

include those disclosed in WOO0118109A1, U.S. Patent Application No.



-118- 10 MPa bel ow the cloud point pressures and | ess than 1500 MPa, and
are above their critical tenperatures and critical pressures. 6. The
process oVochemesitwherein in (b) the polynerization sygCems2doan2ishe two or
nore reactor trains configured in parallel are at tenperatures above the
solid-fluid phase transition tenperatur,qg_and pressures no |ower than 10
MPa bel ow the cl oud point pressures anc} ?ess t han 1500 MPa, conprise |ess
than 40 wt % of optional one or nore inert solvents, and are above their

T wher oi n IDRGORES oPdrkare Patent virplicRHOn VG G004 Whikasinomgratpt) o
| ncl udes %gq'sﬁer x%)erﬁer stﬁrreé{lr%' tBﬁ)l i fc%?r@sn??ﬁ -afid zab 1191%1'#)\@’ the

sol i d-fl ui S T4R |on enpera ure 0
form ng solid polymer partlcles and the polynerlzatlon system conpri ses

I ess thanp&;r %Qﬁ P%&ksiﬂgealeg RBtiRahdeiNaxes) Mﬁ(’%? .oils includ® 1oWe
ere

process o alrm 1 n the fi’n mononers haV|ng three or nore carbon

atons of @ileadapweightpprducsnauch as wax901le51elqw (M,epelymen; I(Isuwnrﬁeaairmg ein

t he optlonal one or_nore conononers of n6) se one or

et hyl ene, lrQYb)Merﬂaf 5S¢0, epre belowe 498s Ordlqlé‘ﬂe% O(Be@rehébw c2r509édelsjé?@§

10. The process claim1 further co [ the

Tonorer - PAeDRERIE SR Bp ke S SuRRioRBiEd itkebnBoBRRRRRERF cact o
trains COW&’&W & [@{ea‘k,% ndwaxr%dlf-gi@ pr ocess of claim10 further
conprising re % Plow no ecu ar wei ght ol 1 goners, |ow nolecular weight
pol ynmers or conbi natlons thereof fromthe separated nononer-rich phase.

[00272] 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
weight % to 10 weight %, or at 0.5 weight % to 7 weight %, or at 1 to 4 weight
%, based upon the weight of the hydrocarbon resin and the unsaturated acid or
anhydride. Examples include waxes modified by methyl ketone, maleic
anhydride or maleic acid. Low Mn polymers include polymers of lower alpha
olefins such as propylene, butene, pentene, hexene and the like. A useful
polymer includes polybutene having an Mn of less than 1000 g/mol. An
example of such a polymer is available under the trade name PARAPOL™ 950

from ExxonMobil Chemical Company. PARAPOL™ 950 is a liquid polybutene



-119- 12. The process of claim 11l wherein the | ow nol ecul ar wei ght

ol i goners, |ow nol ecul ar wei ght polynmers or conbinations thereof are
renoved twocoepnseiie use of at | east one knock-out pot. PCT/US2d03/0258b@
process of claim1 further conprising feeding the conbined reactor effluent
of (d) through a static m xer between (q)_and (e). 14. The process of
claim1 further conprising feeding a catalyst killer to one or nore of the
reactor effluents fromone or nore parallel reactor trains of (c).

15. The process of claim] f er coppri si rovi ding one e storage
tanks, anBob&eer hayving AR (gjngb)lg/‘ﬁﬁ and;a, gb‘gn?t‘a‘hll’ésc ﬁ’éyd’rfomgbﬁiyrrers
and/ or po addi tives, ,to ss after (c). 16. The process of
claim1 fwgﬁg aﬁm?’éﬂlﬁr@ étsgﬁ‘égégrﬁg | et down val ve for each reactor train
configured in parallel positioned before the high-pressure separator.

17. The pi%’ﬁ;ﬁ of ﬁge%lm&aﬁfé)élg:%%&quﬁ{cﬁid@ f)ﬁ?ddrggnﬁbeliﬁ’n elﬁn?('i' theh

phase of gh-pressure s r contalnrng the polyner end to one or

nore | ow BeRsalstrBito PRmhidy Of Sldrifidrsirdriemosepartitutarhyhgibenpalssrbitoh (Miader
vol atiles fromthe polyner blend to forma further-enriched pol ynmer bl end.

18. The pB86688ks ofli-ptmethylFerfzalsonkitolc onpMiliad) f €394y t hend ur t hisr3.4nri ched

pol ymer blend to a coupl.e volatjizer to further separate other volatiles
fromthe ﬂHP?WFbe@ﬁPlSQF@EPquE‘ﬁh%ﬁﬁénd to forma pol ymer product bl end.

Applications:
[00274] 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.

[00275] 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,
modifications, and variations will be apparent to those skilled in the art in light
of the foregoing description without departing from the spirit or scope of the
present disclosure. Accordingly, the present disclosure is intended to embrace
all such alterations, modifications, and variations of the above detailed

description.

[00276] All patents, test procedures, and other documents cited herein,

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



- 120 - 19. The process of claim 18 wherein the coupl ed devolatilizer
oper ates under vacuum enabling the further-enriched polyner blend to flash
of f the rwoanewm2:md ot her vol atil es. 20. The proeesasedo7mbsseom 19
wherein the coupl ed devolatilizer is a devol atizing extruder. 21. The
process of claim 20 wherein one or norgpol yner additives are added to the
pol ymer product blend at the high-pressure separator, the | ow pressure
separator, the devol atizing extruder or combi nations thereof 22. The
process of ¢lagim1 wherein the.high-pressure separator of .(e) ,is. a .

b v et - it disglasuroos metdagpsisteft whtpeHisring epiBa aad tor 2l heictiofeini o « ne

nononer - r mcrpﬁi&g%ﬂgéggﬁﬁgﬁFg)g%é%ﬁghpss than about 0.2 wt % of | ow

nmol ecul ar "wer'g ner or conbi nations thereof. 24. The
process of claim1l wherein the nononer-rich phase of (1) has a density of
about 0. 3[6g27Mout Whénh BhARPBICALlower limi8Sandl RBmREREE&Pp&Y lifiliRi Abellistbér ei n
the polyner-ricCh blend phase of (f) has a density of about 0.5 to about 0.8
gr ans/ nL. herein, rad@es Tiwm panycbsgerolimit & ang ugper dimitiare (dontempkated.egllire i s

dropped at a rate of at | east about 6 MPa/sec. . .
numerical values within the detailed description and the claims herein are also

understood as modified by “about.”



27. The process of clainms 15 or 21 wherein the one or nore polyner
additives are chosen from waxes, polyal faolefins, antioxidants,
pl asti ci z®0=2p08msed1eati ng and cl arifying agents, slip ageoras2607aes20
retardants, heat and UV stabilizers, antiblocking agents, fillers,
reinforcing fibers, antistatic agentshlhgpricating agents, coloring agents,
foam ng agents, and conbi nations thereof  -121 - 28. The process of
claim1 wherein one or nore of the reactor trains configured in parallel of
(a) conprise a tubular reactor, a stirred autoclave reactor, a |oop
reactor, &LABWEI nations thereof. 29. The process of claim 1 wherein
one or nore of the reactor trains configured in parallel of (a) conprise
two or nore reactors, in @er'gf wher ei n t?e nore reactors in series
pe

t
conprise a tubdtar ARt TR BTeSFSS %PW@%%E‘P’BBF‘&V’@W%N or or a
tubul ar react Olr(af ol L ue %%t\gpl&%ofg?ﬁéc%r Hair%snclﬁlg%urmqn HJag@‘?é?ﬁ]er aclaim

1 wherein the si dence . s l'ess” than 6 e process
of clai m higihepgisturehSepRaioede@nitrédini Aulddp SconhedtedOtdrithet &80 or more32. An

i n-1ine bl ending process for polyners conprising: (a) providing two
or nore reectantrainaicosfigored igyragalléln parallel and two or nore hi gh-pressure
separators fluidly connected to the two or nore reactor trains configured
in parallel; (tc)j) contacting 1n tﬁe two or more reactor trains con 1gure8 n paralleq
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 inert diluents or inert solvents,
wherein the polymerization system for at least one of the reactor trains
configured in parallel is at a temperature above the solid-fluid phase transition
temperature, at a pressure no lower than 10 MPa below the cloud point pressure
and less than 1500 MPa, is in its dense fluid state, and is above its critical
temperature and critical pressure,
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 comprises the
olefin monomers, any comonomer present, any inert diluent or inert solvent
present, any scavenger present, and the polymer product,
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;
wherein the one or more catalyst systems are chosen from Ziegler Natta
catalysts, metallocene catalysts, nonmetallocene metal-centered, heteroaryl
ligand catalysts, late transition metal catalysts, and combinations thereof;

(¢) forming a reactor effluent including a homogeneous fluid phase

polymer-monomer mixture in each parallel reactor train;



(b) contacting in the two or nore reactor trains configured in parallel 1)
ol efin nononers having two or nore carbon atons 2) one or nore catal yst
syst ens, 8P 20dses1al one or nore conononers, 4) opti onalPCoNS2a@y7/02332€
scavengers, and 5) optional one or nore inert diluents or inert solvents,
wherein the polynerization systemfor _3f;least one of the reactor trains
configured in parallel is at a tenperature above the solid-fluid phase
transition tenpergtlure, at a pressure no |lower than 101lvlPa bel ow t he cl oud
poi nt pressure, an ess.than, 1500 MPa,..is . .in its .dense,fluid state, .and is
above its critf(Dal combining the r&ﬁﬁOEFf@‘i’%ﬁlCO&?%séaggﬁe homogeneous Truid
wherein a a _of r i ' | ©f:hn t hat
nas ¢ hr coPlpstaBb Mg Ronblifer ARGLRE il Bl RalIFHcRIOR EUnITIORATE T For
each reactembincd reac@rerffle&s; t he ol efi n nononers, any conononer present,
any inert diluent or inert solvent present, any scavenger present, and the
pol ymer producfg) passingdheicombioed acattpstefflycntethrough ghe rhigharesiure r ai n
conpri ses one or nore cat allteéat precursors,. one or nore activators, and
Rlendipga

op% i Ional | yepasater for product _ gt feed separgfjoms oi n the one or nore
co ol vet VUl oA LA DR CER AN Rsare

catal ysts, non ocene . ; eroaryl Tigan atal ysts, late
transiti OgepHRARE a%é%é'tb{éfsélidéﬂlﬁdgjm’@é RedinkRivh poiat &at below the cloud poimt ng an
unreduced reactor effluent including a honogenous fluid phase
pol yner - mpressere and temperatureatohforar al fleid- fleidctvoe-phass Aystem comprising a
polymer-rich blend phase and a monomer-rich phase; and
(g) separating the monomer-rich phase from the polymer-rich blend

phase to form a polymer blend and a separated monomer-rich phase.

2. The process of claim 1 wherein in (b) the polymerization system
for the at least one of the reactor trains configured in parallel comprises less than

40 wt % of optional one or more inert solvents.

3. The process of claim 1 wherein in (b) the polymerization systems
for the two or more reactor trains configured in parallel are at temperatures
above the solid-fluid phase transition temperatures and pressures no lower than

10 MPa below the cloud point pressures and less than 1500 MPa.

4, The process of claim 1 wherein in (b) the polymerization systems
for the two or more reactor trains configured in parallel are at temperatures
above the solid-fluid phase transition temperatures and pressures no lower than
10 MPa below the cloud point pressures and less than 1500 MPa, and comprise

" less than 40 wt % of optional one or more inert solvents.

5. The process of claim 1 wherein in (b) the polymerization systems
for the two or more reactor trains configured in parallel are at temperatures

above the solid-fluid phase transition temperatures and pressures no lower than



(d) passing the unreduced reactor effluents fromone or nore but not from
all of the parallel reactor trains through one or nore high-pressure

separ at orwQ 20@8/082HiI ni ng the tenperature and pressure w PQITUSRENE/023320 Or NOr e
hi gh- pressure separators above the solid-fluid phase transition point but
bel ow t he cl oud point pressure and tengggature to formone or nore
fluid-fluid two-phase systens with each two-phase system conprising a

pol ymer - enri ched phase and a nononer-rich phase, and separating the

Tor e i g rBa Bew Bt Ao R PTEs PR 17 Eite | S0RMEER G ASRARRVE T | o
p“aﬁﬁfeaBﬁrey%?ﬁéﬂ'{F@ﬁ’s%?%%g?ﬁgeﬂ%c%ﬁﬂesgiiﬁée3r more high-prossure.

separators of (d) with the one or nore unreduced reactor effluents from one
or more paral | gl reatieGirobédidiikith | SWRrBITiv(bY e BO1ARG AkioRRYStems

pol yner -enri ched phasegﬁgnd t he olne or m)lre un?eduge reactor éffluents
from the éorethertwonsrempre @atwlr trateetaifigurad s parallebare @ temperateresef f | uent
streamthat conprises the polyneric blend conmponents from al | ar al | el

react or t pbpyssthe soligsBuid phase tranértyorptsgmeﬁgumear@omﬁﬁw EPfP\Y@hE agt r eam of

b betocy r QOB el BaERRR Poinc FRRAAES hnd e BT 500 BREL AaPthr e

la | f
252 AT o1 Sl i 0BRS IR] opict ple

Itiron point p0| nt pressure and
terrperatut@npaaﬁﬁégmﬁdéhucal resdudled. Wo- phase system conprising a
pol ymer-rich bl end phase and a nononer-rich phase; and (h)

separating the nmononer-rich phase fromthe polyner-rich blend phase to form
a pol ymer bl end andTélesnpmsatcﬁcclmd)merclmtﬂneﬁWM more reacB@ trale pr ocess

of claim 32 |n in E?g) tge p? neri zation systemfor the .at {east one
of the resgrligueRdn parallslof (Y i ides RN TBPTCTSHEION SEn QRETAHRGAT 40 we 9% of

optional ?é}l‘(?%%apﬁg%glqv@%et scﬁ?c{ Ii{lgn?& E e transi;t"l}’én %ﬁfﬁrﬁﬁﬂg%ﬁhéﬁ claim 32

wherein in yreriza WO Or nore reactor

trains copbiyanerpshtion syafeh If@ﬂmﬁgesoﬁu Iscﬂymf phitictss ARPIR pdlgmesizhdof | Ui d

phase transi'tion tenpératures and pressures no | ower than 10 MPa bel ow t he
cl oud poi systemessuprisesdess thes 40twitbe aH0ptidmRd one or more inert solvents.

8. The process of claim 1 wherein the olefin monomers having three

or more carbon atoms of (b) comprise propylene.

9. The process of claim 1 wherein the optional one or more comonomers
of (b) comprise one or more of ethylene, propylene, butenes, hexenes, octenes,

decenes, or dodecenes.

10.  The process of claim 1 further comprising recycling the separated
monomer-rich phase to the polymerization systems of the two or more reactor

trains configured in parallel.

11.  The process of claim 10 further comprising removing low
molecular weight oligomers, low molecular weight polymers or combinations

thereof from the separated monomer-rich phase.



35. The process of claim32 wherein in (b) the polynerization systens for
the two or nore reactor trains configured in parallel are at tenperatures
above t heweabisthstiiwi d phase transition tenperatures andpPprassanesssa® | ower
than 10 MPa bel ow the cl oud point pressures and | ess than 1500 MPa and
conprise less than 40 wt % of optional_; ge or nore inert solvents.

36. The process of claim32 wherein in ? ) the polynerization systens for
the two or nore reactor trains configured in parallel are at tenperatures

Than 10 NPa. bellgw ¢ HOBBRGES 0 SEim ! dOURTER: HadOnaReltohiAt \Toeb! vea and ar e
han 10 NPa bel'd . e 580 v
37 The poneclicks B mBIRELAEER: ARy b R R Rercofare Shoved. ¢,

the two othigRER theasd of at leaétidhedaiickostitgsbti n paral l el are at tenperatures
above the solid-fluid phase transition tenperatures and pressures no | ower

than 10 MPa bel ow the cl oud point pressures and | ess than 1500 MPa,
conpri se | ess tlBan ZAthewrotessfofogiaino i durtheecamprising fieadin thelcoartiined and ar e
above their critical tenperatures and critjcal pressures. 38. The

process ofeaqten ehflyentpb(dithreueh a slatie mixsr betwegar(d) and 4¢hs configured in

parallel of (b) includes one or nore reactor trains operating at a

t enperature bel qw t solid-fluid phase.transit.ion tenperatuyr .. he

ol yreri zati on 19y st ARSTSPRFSIPIFind T RrpkE o parise: etk bafasChiel

pol ymeri zaf i gpegd&gse t 9 i fnore
i nert sol {%hﬁgo ?)ﬁ?&r@@f?}g ce prfggglztss 0 cq%idniflgé?%%@gyn&{aﬁg)rg e éljg
nmononers {igyvi ng three or nore carbon atons of (b) conprise propylene.

40. The process of claim 32 wherein the optional one or nore conononers of
(b) conprise one or nore of ethylenes, propylenes, butenes, hexenes,

oct enes, decend$, oMhgutecessax claim 1 futher Jbrmppsimggueviding loaerar3oreur t her

conprising recycling t separated nononer-rich phases of (d) and (h) to
the pol ymétarags fagks ing TrpmTie QICT THEFStPEABSBRKS PBS gé%ﬁfi gured in

parallel. polymers and/or polymer additives to the process after (c).

16.  The process of claim 1 further comprising a pressure letdown
valve for each reactor train configured in parallel positioned before the high-

pressure separator.

17.  The process of claim 1 further comprising feeding the polymer-
rich phase of the high-pressure separator containing the polymer blend to one or
more low-pressure separators to further separate the monomers and other

volatiles from the polymer blend to form a further-enriched polymer blend.

18.  The process of claim 17 further comprising feeding the further-
enriched polymer blend to a coupled devolatizer to further separate other
volatiles from the further-enriched polymer blend to form a polymer product

blend.



42. The process of claim 32 further conprising renoving | ow nol ecul ar

wei ght oligoners, |ow nol ecular wei ght polynmers or conbinations thereof
from t he wepassaisexiinononer -ri ch phases. 43. The pPOTAS003/02382@I M 42
wherein the | ow nol ecul ar wei ght oligoners, |ow nolecular weight polyners
or conbinations thereof are renoved thrgggh the use of at |east one
knock-out pot. -125- 44. The process of claim 32 further conprising
feeding the conmbi ned effluent stream of (e) through a static m xer between

d (f). . Th | ai 2 f h (i Si f eedi
Catalyst Kliledd%o dti RPCaBi Srimm 8 Waderhesotplehie PraHes wee o o
paral l el 1,636t 0r Lkfsb1fe &) further-enriéfe eSS tPhad 8fftha2 further

ARG Sohe 6t lt-oragec% nks,  an

conpri sing provi nore s eeding fromthe one or

nor e St or atishdnaéts andthé& valatiRspol yners and/ or polyner additives to the
process after (c). 47. The process of claim32 further conprising a

pressure | etdown val ve for each reactor train configured in parall el
posi ti oned bef @0e t Athetprocess oftvlainhil §wiereastheeonppal devaratilizer isa 48. The
process of claim 32 further conprising feeding the polyner-rich phase from
one or noHevVeIRtIZIE eXtRIeHr essure separators to one or nore | ow pressure
separators to further separate the nononers and other vol atiles.

21.  The process of claim 20 wherein one or more polymer additives
are added to the polymer product blend at the high-pressure separator, the low-

pressure separator, the devolatizing extruder or combinations thereof.

22.  The process of claim 1 wherein the high-pressure separator of (¢)

is a gravimetric separation vessel.

23.  The process of claim 1 wherein the monomer-rich phase of (f)
comprises less than about 0.2 wt % of low molecular weight polymer, oligomer

or combinations thereof.

24.  The process of claim 1 wherein the monomer-rich phase of (f) has

a density of about 0.3 to about 0.6 grams/mL.

25.  The process of claim 1 wherein the polymer-rich blend phase of (f)
has a density of about 0.5 to about 0.8 grams/mL.

26.  The process of claim 1 wherein in (f), the pressure is dropped at a

rate of at least about 6 MPa/sec.

27.  The process of claims 15 or 21 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.



49. The process of 32 further conprising feeding the polyner blend of (h)
to a coupl ed devol atizer to further separate other volatiles fromthe

pol ymer bWerdosios2510or m a pol ymer product bl end. 50PCThis27 023836 Of

cl aim49 wherein the coupled devol atilizer operates under vacuum enabling
the pol ymer product blend to flash off |bhe nononers and other volatiles.

51. The process of claim50 wherein the coupled devolatilizer is a
devol ati zi ng extruder. - 126 - 52. The process of claim51 wherein
one or nore polymer additives are added to the polyner product blend at one

or nore high-pressure separataors,, one or nore |l owp sure separators t he
devol ati zi ng exXBr uddhedrogessnisdaing A svhergteene or more Qgt heryeactor fkaiRs of

cl ai m 32 whekei n .one _or f the hi t f (d) are
gravi metr o %lbrggdpngﬁallﬁgggZ?)gcompnse agﬁbﬂ?ﬁgesag o%céggﬁ{gﬁ ag'F I% $2 wherein
the mONOMREsckdCh 1BARRARISH of Ednibitheldhs (REBBE! Se | ess than about 0.2 wt. %
| ow ol ecul ar wei g pol ymer, ol igonmer or conbi nations thereof 55.

The process of claim 32 wherein the nononer-rich phases of (d) and (g) have

a density of about @Th2 procédsailclin® 1gvkereimbne 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.

30. The process of claim 1 wherein the residence time is less than 60

minutes.

31.  The process of claim 1 wherein the residence time is less than 20

minutes.
32. Anin-line blending process for polymers comprising:

(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
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 inert diluents or inert solvents,

wherein the polymerization system for at least one of the reactor trains
configured in parallel is at a temperature above the solid-fluid phase transition
temperature, at a pressure no lower than 10 MPa below the cloud point pressure
and less than 1500 MPa, is in its dense fluid state, and is above its critical

temperature and critical pressure,



56. The process of claim32 wherein the polynmer-rich blend phase of (g) has

a density of about 0.5 to about 0.8 grans/ni. 57. The process of
cl ai m 32 wbepes/os251m (g), the pressure is dropped at a ra&Cce/uskooat2ise@st
about 6 MPa/sec. 58. The process of clains 46 or 52 wherein the one

or nore polyner additives are chosen frm waxes, polyalfaolefins,
antioxi dants, plasticizers, nucleating and clarifying agents, slip agents,
flame retardants, heat and UV stabilizers, antiblocking agents, fillers,

reinforcing fibers,, antistatic ents, lubricating agents, colorin ents,
f oam ng agent s,Wléﬁﬁﬁmc@Hﬁ?ﬂémeo‘?ﬁ HEREISF trains 1nc§g?e5ﬂ%e&§fladgggogpr %V’Z?m 32
wher ei n O%%fﬂ%rﬁ rr?nc?rfe c‘ttapt?or{gt%ﬁﬁsor trains configured in parallel of (a)

u r, as

conprise a ar reactor, 'rred autoclave reactor, a |oop reactor, or

conbi nati ons t ReKeddin tirel pdtymerizatiofiOsysldift ok @a6h re@étof |tAliM cdfpHiesathd one
or nore of the reactor trains configured in parallel of (a) conprise two or

mor e r eactobefin imos@mess anyheomonoiriee presendy anyrimertedduentsor nnerérsodeent

conprise a tubular reactor foll owed %y a stirred autoclave reactor or a
tubul ar r ®5eYEHE any| SCaVRNES presenbAnd tiggobymer produck1  The process of claim

32 wherein the vsr/ﬁae%ﬁiletri’l%ecattél%t §fstérﬁ%r %Qé’ﬁ" rga%tgp fwiheéomprises one Or more

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

wherein the one or more catalyst systems are chosen from Ziegler Natta
catalysts, metallocene catalysts, nonmetallocene metal-centered, heteroaryl
ligand catalysts, late transition metal catalysts, and combinations thereof;

(¢) forming an unreduced reactor effluent including a homogenous
fluid phase polymer-monomer mixture in each parallel reactor train;

(d) passing the unreduced reactor effluents from one or more but not
from all of the parallel 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 one or more fluid-fluid two-
phase systems 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;

(¢)  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 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;
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()  passing the combined effluent stream of (¢) into another high-
pressure separator for product blending and product-feed separation;

(2) maintaining the temperature and pressure within the another high
pressure separator of (f) 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; and

(h)  separating the monomer-rich phase from the polymer-rich blend

phase to form a polymer blend and a separated monomer-rich phase.

33.  The process of claim 32 wherein in (b) the polymerization system
for the at least one of the reactor trains configured in parallel comprises less than

40 wt % of optional one or more inert solvents.

34.  The process of claim 32 wherein in (b) the polymerization systems
for the two or more reactor trains configured in parallel are at temperatures
above the solid-fluid phase transition temperatures and pressures no lower than

10 MPa below the cloud point pressures and less than 1500 MPa.

35.  The process of claim 32 wherein in (b) the polymerization systems
for the two or more reactor trains configured in parallel are at temperatures
above the solid-fluid phase transition temperatures and pressures no lower than
10 MPa below the cloud point pressures and less than 1500 MPa and comprise

less than 40 wt % of optional one or more inert solvents.

36. The process of claim 32 wherein in (b) the polymerization systems
for the two or more reactor trains configured in parallel are at temperatures
above the solid-fluid phase transition temperatures and pressures no lower than
10 MPa below the cloud point pressures and less than 1500 MPa and are above

their critical temperatures and critical pressures.
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37.  The process of claim 32 wherein in (b) the polymerization systems
for the two or more reactor trains configured in parallel are at temperatures
above the solid-fluid phase transition temperatures and pressures no lower than
10 MPa below the cloud point pressures and less than 1500 MPa, comprise less
than 40 wt % of optional one or more inert solvents, and are above their critical

temperatures and critical pressures.

38.  The process of claim 32 wherein the two or more reactor trains
configured in parallel of (b) includes one or more reactor trains operating at a
temperature below the solid-fluid phase transition temperature of the
polymerization system forming solid polymer particles and the polymerization

system comprises less than 40 wt % of optional one or more inert solvents.

39.  The process of claim 32 wherein the olefin monomers having three

or more carbon atoms of (b) comprise propylene.

40.  The process of claim 32 wherein the optional one or more
comonomers of (b) comprise one or more of ethylenes, propylenes, butenes,

hexenes, octenes, decenes, or dodecenes.

41. The process of claim 32 further comprising recycling the separated
monomer-rich phases of (d) and (h) to the polymerization systems of the two or

more reactor trains configured in parallel.

42.  The process of claim 32 further comprising removing low-
molecular weight oligomers, low molecular weight polymers or combinations

thereof from the separated monomer-rich phases.

43.  The process of claim 42 wherein the low-molecular weight
oligomers, low molecular weight polymers or combinations thereof are removed

through the use of at least one knock-out pot.
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44. The process of claim 32 further comprising feeding the combined
effluent stream of (e) through a static mixer between (¢) and (f).

45.  The process of claim 32 further comprising feeding a catalyst Killer

to one or more of the reactor effluents from one or more parallel reactor trains of

(©).

46.  The process of claim 32 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).

47.  The process of claim 32 further comprising a pressure letdown
valve for each reactor train configured in parallel positioned before the two or

more high-pressure separators.

48.  The process of claim 32 further comprising feeding the polymer-
rich phase from one or more of the high-pressure separators to one or more low-

pressure separators to further separate the monomers and other volatiles.

49.  The process of 32 further comprising feeding the polymer blend of
(h) to a coupled devolatizer to further separate other volatiles from the polymer

blend to form a polymer product blend.

50.  The process of claim 49 wherein the coupled devolatilizer operates
under vacuum enabling the polymer product blend to flash off the monomers and

other volatiles.

51.  The process of claim 50 wherein the coupled devolatilizer is a

devolatizing extruder.
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52.  The process of claim 51 wherein one or more polymer additives
are added to the polymer product blend at one or more high-pressure separators,
one or more low-pressure separators, the devolatizing extruder or combinations

thereof.

53.  The process of claim 32 wherein one or more of the high-pressure

separators of (d) are gravimetric separation vessels.

54.  The process of claim 32 wherein the monomer-rich phases of (d)
and (g) comprise less than about 0.2 wt. % low molecular weight polymer,

oligomer or combinations thereof.

55.  The process of claim 32 wherein the monomer-rich phases of (d)

and (g) have a density of about 0.3 to about 0.6 grams/mL.

56.  The process of claim 32 wherein the polymer-rich blend phase of

(g) has a density of about 0.5 to about 0.8 grams/ml.

57.  The process of claim 32 wherein in (g), the pressure is dropped at a

rate of at least about 6 MPa/sec.

58.  The process of claims 46 or 52 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.

59.  The process of claim 32 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.
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60.  The process of claim 32 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.

61.  The process of claim 32 wherein the residence time is less than 60

minutes.





