POLYMERI ZATI ON PROCESSES FOR BROADENED MOLECULAR

VEEI GHT DI STRIBU TI ON FI ELD [ 0001] The present
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pol yneri zation. It nore particularly relates to

met hods for produci ng polymers with broadened

nmol ecul ar wei ght and/or conposition distribution.
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nmol ecul ar wei conposition distripbution in a

honmogeneous pol yneri zati on system BACKGROUND [ 0002]
FRgymers produced fromnetal | ocene catal ysts and ot her
~single site catal ysts generally produce polyners with
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cat al ysts see J . Scheirs, W Kam nsky,
“Met al | ocene- Based Pol yol efins", WI ey, New York,
2000; E. P. More, Jr., Ed, " PoI ypr opyl ene Handbook"

MYOW 1996: L. S. Baugh, J . A M Canich,
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F&Q%ﬁ%ﬁgfe,ttgsm ﬁ%lluﬁ) ngp} ﬁlggy | K ¥v”ﬁm metafl()cene catalyst
/ .

G B R OB PRl AT ol ORI R0 1o the

statistically expected value of 2.0 (for the description of metallocene,

Ziegler-Natta, and other olefin polymerization catalysts see J. Scheirs,
W. Kaminsky, Ed., “Metallocene-Based Polyolefins”, Wiley, New York, 2000;
E. P. Moore, Jr., Ed, “Polypropylene Handbook”, Hanser, New York, 1996; L. S.
Baugh, J. A. M. Canich, Ed., “Stereoselective Polymerization With Single-Site
Catalysts”, CRC, New York, 2008). Other catalysts of commercial significance
(such as Ziegler-Natta), however, make polymers with much broader MWD.
Single site catalysts, such as, for example, metallocenes, also produce narrow
composition distribution. The composition distribution is the distribution of
monomer composition and/or crystallinity from polymer molecule to molecule

within the bulk polymer. For, example, isotactic polypropylenes made with



[ 0003] While narrow MAD and narrow CD general ly
conveyed by netal | ocene catal ysts nay be advant ageous
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wWith one or nore feed entry ports; (b) feeding to the
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SUMMARY

[0005] Provided are methods of producing polymers with broadened molecular
weight and/or composition distribution in a continuous single reactor operating

with a homogeneous polymerization system.

[0006] According to the present disclosure, a continuous process for producing
polymers with broadened molecular weight and/or composition distribution in a

homogeneous polymerization system, comprises: (a) providing a tubular, a loop



5) conbinations thereof, wherein the reactor is at a
t enperature above the solidfluid phase-transition
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[0007] A further aspect of the present disclosure relates to a continuous process
for producing polymers with broadened molecular weight and/or composition
distribution in a homogeneous polymerization system, comprising: (a) providing
a tubular, a loop or a stirred tank reactor with one or more feed entry ports; (b)
feeding to the reactor through the one or more feed entry ports one or more
reactor feed streams comprising: 1) one or more monomers; 2) one or more
catalyst systems; 3) optional one or more scavengers; 4) optional one or more
diluents or solvents; and 5) combinations thereof, wherein the reactor is at a

temperature above the solid-fluid phase-transition temperature of the



pol yneri zation systemfor the reactor is in its dense

fluid state and conprises the one or nore nononers,
w@eopodid7eent or sol vent presené, any scavengerP@r/ES®NY/003117

and the pol yner product, wherein the one or nore

catal yst systens conprise one or nore catal yst

precursors, one or nore catalyst activators, and
pélptriepizatibi , systen candrar sressiral iys lowep pleart 40 MIer eetow ftke cloud

one or nore catalyst precursors are chosen from
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m2fe vatildyot precursossn dnateT mione chialysblactiwatorsnarehoptivnally, one or

gradient is defined as the polynmer concentration in
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ctor wherein the pol yimer pr oduct
efflueat aicladiag £ hdmdgeneshs Audd ipénasapplmhexofndmmqrr ms:eture in the
di sclosure relates to a conti nuous_ process for
repet@auwhﬁgﬂ@éh? gegaonincludgsonmaqas fap mupimizingbpgktmixing of the
oNpPos trlbu ion i o
Pl Riza OBy sir I8 cEite bR e ah Rl AP VARG of 20 wi% or
mbHD Lanfar [ wher rdif $Re gioly'a}né,t % §&gnfa%h Siaafdn®'is Wetiled W8 tRE polymer

nore entry ports ding'to the reactor

cdd&émlt@thoﬂi hig thm::actorrmfﬁuémemlemﬁ the polyimsert voneentravioa in a first
reactor feed streans conprising: 1) two or nore
repeton ene of 2) bafifledgeactor er ebd Ut 9§thesx;ﬂ@pmfdeng}1 dpvngream of the

feli OOt £ SEr NG et BFHE FR PRETF 518 reRBioRcnd wherein the
bfpbﬂ?&ﬁ@%‘d%t isorehtef 4P at ure above the
solid e-

tra Irtiron tenperature of the
pol yneri zation system and a pressure no | ower than 10

[0bE8) Pelaysthéreaspeerdf B ﬁx‘es@rﬁtﬁﬁ%lb@u&freldi@s to a continuous process
pol ymeri zati on system and | ess than 1500 MPa, wherein

for hprodutinge polyanérsnwiths beradened thelecekart weight and/pt somposition

dense fluid state and conprl ses, thetwo or nore
dipisthyHionsin HRYMASCHERNS PRIYSHrZBHONYSEht Corgpyising: (a) providing

a Tutul4t ar, %efoo%r S%lrre%nt(ank reactor with two or more feed entry ports; (b)
feeding to the reactor through the two or more feed entry ports two or more
reactor feed streams comprising: 1) two or more monomers; 2) one or more
catalyst systems; 3) optional one or more scavengers; 4) optional one or more
diluents or solvents; and 5) combinations thereof, wherein the reactor is at a
temperature above the solid-fluid phase-transition temperature of the
polymerization system and a pressure no lower than 10 MPa below the cloud
point pressure of the polymerization system and less than 1500 MPa, wherein the

polymerization system for the reactor is in its dense fluid state and comprises the



t he pol yner product, wherein the one or nore catal yst
systens conprise one or nore catalyst precursors, one
wo@eroospsx3cat al yst activators, gmd optional |y, PeEUS2009/003117
nore catal yst supports, wherefn the one or nore
catal yst precursors are chosen from netall ocene
catal ysts, non-netall ocene netal -centered, heteroaryl
two gantre aicioaérs, amndillahteor sodvaitiprosentedrsl seataggrspresent, and
wherein at | east one of the nononers is fed to the
theepalymer groducty pdrereiantheeent enmarepatalysingysigms €ggiprise one or

one of the nononers is fed to {ali)g regictf)r at_one,.or il
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upstre entry port Is [ess thant tal nunber

frof aaNGEdhe’ egtalydtd, heon-eaethNocdne anghl-¢ditereds tHetervaryl ligand
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catalysts, pod {ase trandition) mictal eatedy sts;pwhgresn at least one of the monomers
. egl uent including a horme%en ous fluid has$
ispBidy iR thergicasior ah ap (WRStieAm Heed ey, Port,ARd eatnleagk one of the

m‘égpr}?}%% r@t;?cl(l) gﬁoéhfgﬁ%é&?ﬁ ta%l %ﬁg @%&%ngnw&m. feed entry ports,

neriz rst reactor zone i1 n a

whéfeln e6e 16 At G moHoARM Fed @8Nthefrehétr tRARILAN the upstream

l ength fromthe upstreamfeed entry port of a
febdf dritey fpoee is desst trani theatothk asimbEdo off fricerosmersf fedinta ke reactor
concentration of the sane at | east one nobno

(hEOgEie ERATOM 5328 SHPAPOTIRIGITE SR RbMOTAGREASHEAH Teed entry
posFE L) Sl s PPmer 1Sk Gt iipfing' § BeoRRigeiebus fuid

plERe&fly Aer-nhéndthes fitknitk S 1A Hefctbe! Wheih h& concentration of at
cont'i nuous process for producing polyners with

lebstaadanedomel éc thespolymicgiratiandiystenc ongp disstireactor zone in a baffled
distribution in a hom)%eneous pol ynmeri zati on system

regelopar Atyo qayynyresm @t ihe geacipulensth frorgghegisiream feed entry

b o & SR el BRI 5 et CRe R R bR efgntaption of the
sai¥ Gt flesd @rfhtlgrﬂoxﬁ%&s ift WRe Pol PRYeFizaBGE I5teht e e’ 68 r more

t
conpri si ng: one or nore ‘nohoners; 2) “two or nore
deahstteapi feads betig ;podis, apd ivinatimthe biw/in @ ftha\pebgees product is
4) optional one or nore diluents or solvents; and 5)
greaiepithant 2.8ns t hereof, wherein the reactor is at a
tenperature above the solid-fluid phase-transition

[otoﬁg]’er % LSI{lﬁ ﬁfrthtelgeaspect of the present disclosure relates to a continuous
process for producing polymers with broadened molecular weight and/or
composition distribution in a homogeneous polymerization system, comprising:
(a) providing a tubular, a loop or a stirred tank reactor with two or more feed entry
ports; (b) feeding to the reactor through the two or more feed entry ports two or
more reactor feed streams comprising: 1) one or more monomers; 2) two or more
catalyst systems; 3) optional one or more scavengers; 4) optional one or more
diluents or solvents; and 5) combinations thereof, wherein the reactor is at a
temperature above the solid-fluid phase-transition temperature of the

polymerization system and a pressure no lower than 10 MPa below the cloud



pol yneri zation system and a pressure no | ower than 10
MPa bel ow the cloud- - point pressure of the
w@elogme7sat i on system and | esg t han 1500 MPa, PGITES 091003117
the polynerization systemfor“the reactor is inits
dense fluid state and conprises the one or nore
mononers, any diluent or solvent present, any
pSinapeigere ¢f hegiilymaeidatibe spoteyand hessdhan |1 500 &vIBawherein the
the two or nore catalyst systens conprise one or nore
pelamerizetiop systens forstheaieactor isnin és slensg Ylid stete ond gpmprises the
and optionally, one qr, nore catalyst supports, wherein
ORar BiES FRONATES A% A UEM ATV SRS RSB eRgeipresent, and

t S, - i

SR SR5gEL SR NTBE SISy SEL e RERLRRA: o or

moRé 2hdadyst prédiits¥ie ofk Nordinor€ datal Piieactivatdrs, &ad apsshally, one or
systens is fed to the reactor at an upstream feed

ment cutapyst tsuppotthewhesginatheaore at mergseatalyst pfecunsors are chosen
catal ysy systens is fed to the reactor. at on r nore . ..

frgmma¢ta a%qeesatabxm,yn%ﬂ%taﬁpcq% Al OHCren dietsTRaryl ligand
t ot al A st ur.sqr . a

At Mo ThfeY el 6t "B Pueifi Yo LokSH one of the

cdt§12"§f §stéths i e RPIHELRAIR G BNiPstreRRT FeddSertBS poft5iMthe reactor
thé total nunber of catal yst precursors or catal yst

amt tat Medsdbreneobftthe cablyky systsyst snféd to Hbe rreactooratabne or more
the one or nore downstream feed entry. pt%retsr and (c)
| i

downstrenn dcesbeytrsrpartsaet die egactarenthereial thaitalpl iumber’ of catalyst

PIAGURPEY OF daiaet PR ACES O are JRE SPeiy | S jhdit Heactor a
th%?ﬁp?hrl‘ﬁﬁl fREE CRESPorPlis RIS tha BleYidtal BRI YA & cAAFPCPRRBUrsors or

e catal yst stemin a first reactor zone in a
caaliybt edtivetaes wf the ghatdbgstdeygiemr éarthef reéabkrr etathorone or more
l ength fromthe upstreamfeed entry port of a ) .
deyinstream fead entse ports; andic) femmingapalmery waetor ebfipenidncluding
oncentratign. of the same at least 0

e cat gl yst .
2 fpaagPacsus,fluighrhass mely s ondEm r Bh BiR <aptoppherein the
ccﬁﬁ%ﬂ{ri{ﬁénsﬁﬁt%ﬂgﬁ tt Bﬁeoeﬁaysm&gfwf’n%r %ﬁ@ t&&tst activator

entry ports, erein the pol yner

carhpeokit ofthgreaailyst sy dn 3 fifdeeddtoAzené ik afbafflbéreactor or at
aspect of the present disclosure relates to a

5%odownsiseampeb s seacter pengihcirag e ypsireami fagd entry port of a

broadened nol ecul ar | ght..and/ or c osition.
bRlEFH A oAt Chima A BTEn pBPPHEN SaRiesHraLign ehfhe same at
1e581"0h¢ ThldByst precursor or one catalyst activator component of the catalyst

system at the one or more downstream feed entry ports, and wherein the Mw/Mn

of the polymer product is greater than 2.3.

[0010] A still further aspectb of the present disclosure relates to a continuous
process for producing polymers with broadened molecular weight and/or
composition distribution in a homogeneous polymerization system, comprising:
(a) providing a tubular, a loop or a stirred tank reactor with two or more feed entry
ports; (b) feeding to the reactor through the two or more feed entry ports two or

more reactor feed streams comprising: 1) two or more monomers; 2) two or more



(a) providing a tubular, a loop or a stirred tank
reactor with two or nore feed entry ports; (b) feeding
W o00vhe7seact or t hrough the t or nore feed ePCT/YS2009/003117
ports two or nore reactor feed streans conprising: 1)
two or nore nmononers; 2) two or norecatal yst systens;
3) optional one or nore scavengers; 4) optional one or
cdtRIySt G¥ét@ﬁﬁ! $) Wptiovlay @ieSor attste SHcavongirsptt) @psional one or more
t hereof, wherein the reactor is at a tenperature above
difwents airi sblventisy apda$ke cominisationsn theseglerwneneen dhe trgactor is at a
te%¥gt§;%5va I ggcf%%geg]q}?cﬂ-?lugq gggﬁgg—rtgﬂng?t@om%m}agr%?ur%o of the
Zat | yst S WPR1p '
p @&@%%}ﬁ@r%y%a rﬁoa:lhdggs@g?ns‘#rgrﬁq E@?Eﬁ%}grl IS |érl1\AB|E{o§*' the cloud
p&iaD peeskhid 6f ﬁfeas yﬁi&ﬂizﬁﬁﬁﬁrsl'y&@ﬁl hii@ 1634Qhei 15008MPa, wherein the
nononers, any diluent or solvent present, any
pelymeeizgtion pysteanfor thedreattor poity itsrdepso dlned statdanéicomprises the

the two or nore catalyst systens conprise one or nore
IEQPRMPSE MPRAESoARY dUHentdr splyentpresanis Yhsscaygpger present, and

1R a8y afe TR PR Y Borf RS sy S5 ZoprlE one or
moBd %la{a‘?gﬁnﬁie%ﬁ?s%lréﬁs&% o?%Of@ta@{i{/%?fﬂearf@bﬁkioﬁﬁ’l‘l‘?,ebﬁ@ior more

heteroaryl” ligand catal ysts, and late transition neta
catalyat yspsortsiheheriein die loaasir moee ahtdlpst precorsers ares cheskn from
to the reactor at an upstreamfeed entry port and at .
metadlocenpe catalysis, nbrarieetallosened mefal-penteeadst dieterioapyle ligand

ey Sod THE ARSI Batal Gl R ouhpisit A <GaER{ R U Bonomers
isU E@QHbfl%ﬁgto‘?nétr ¥4n H.gdsttre'aﬁ‘l lfee$ dntdN poleah@ta! 1daM™RRE of the
of nononers ted to the reactor througtﬁ) t he upstream

mbaetheentis egaot tirneedcher anener omaicreddowastteam feeddentry ports,
entry ports, wherein at |east one of the catalyst
whersie e tetai aymbertofemongoiess fad tarthageaetenthfaygh the upstream

B R S
PP 1 PRSP G0 dORBAR fecd eney

p&ed, i WhErRis o dendti She @ftthe ca/hBisY Systenst Bmfed tb e reactor at an
reactor at the upstreamfeed entry port is |ess than

upsteeanofead entrp portodf hgtrehgtor apde Ueassraneoe! thet cdtglyst systems is
ctivators of the catal yst, systemin. the reactaor

fednio BifereicioRp Ak 086 ofs HIKE A9 re@m& e%anf@/; PaH %f:ﬁhe reactor,

whg{e'i?n M9 ?otgf)b?fﬁl%gr roﬁac‘ﬁiﬁgsteétfewles'a}s bf %Llféﬁj}"é? %cfivators comprising
onogeneous fluid phase polymer-nononer

the catalyst system in the reactor at the upstream feed entry port is less than the

total number of catalyst precursors or catalyst activators of the catalyst system in
the reactor at the one or more downstream feed entry ports; and (c) forming a
polymer reactor effluent including a homogeneous fluid phase polymer-monomer
mixture in the reactor, wherein a temperature gradient in the reactor is greater than
15°C, wherein the temperature gradient is defined as the temperature in the reactor
at 5% of the reactor length minus the temperature in the reactor at the reactor exit
port, wherein the reactor includes a means for minimizing back-mixing of the

polymerization system to create a polymer concentration gradient of 20 wt% or



m xture in the reactor, wherein a tenperature gradient
in the reactor is greater than 150C, wherein the
W@ 209pasasur e gradient is defingd as the tenpere€TD820091003117
the reactor at 5% of the reactor |length ninus the
tenperature in the reactor at the reactor exit port,
wherein the reactor includes a neans for mnimzing
mbag kwiierdin gthef polyenerocyneenitzationo praiyatein definedadse tlie polymer
pol ymer concentration gradient of 20 wt%or- o - npre,
canisentsption e the| rgastor cf’cfaélélhtt PaRR they Pabimaer corcemsratigagin a first

S B TS I iy e
erg@&:#o‘?fj 618?&# % ?15? 2{38&% OfeddN®f Eal?a{i?fe-frgé‘ %tgﬁtgr, wherein the

stream of the entry port closest to

comRestratiomefchtdtast dref Maronierein’ grcpolymemmkionrsyisten in the first
concentration of at |east one nononer in the

repofioy mene nta baffledsteantor wriat % idosynstesam of theoreacior lgngth from
baffl ed reactor or at 5%d tream of .t he react or,.

thg agirRaRy (0 KU RO QDR AT iR TEgEBh it Apleast Sve different from

ffle- j Bopdiffe

8 FongFT AT RE B Pt 2 Kool AP Sk iR BolV hiiizbfEn system

atRAk YR 6rZ AHor® MowtistieahA feddnéntBN Pofts, Whefeifl Ahe Toheétration of at
feed entry ports, wherein the concentration of at

lehstacne oamlysitiyetsop o canes oatabyst aitivatr atoysporeat i ofather catalyst

conmpgnent of the catal yst sysiemin the fir eact or
systib e, 8 Faacipt; G BY 8 MaTHEd 55aNAS BF Sumdsriigam of the

relSPF 1llath Bt Ik TR BT M GF ARG PR feablrds ot east
5% ERA Atk bathefconlenaith 8f thedfthe an feadfbat )éﬁfalystt precursor or

precursor or one catal yst activator conponent of
omaicatayydt sotitaton zbnipumenneofothenoamlyhivsystemaat fthedne or more
entry ports, and wherein the Mvvh of the polyner )
dywesdigem ffeedyerizy @ortshand svheremotheiMwide ©f {he pelyieer product is
f eat mqes gnd attributes of the disclosed processes for
grﬁ?t(% rh%. polynmers with broadened nol ecul ar wei ght
and/ or conposition distribution and their advantageous
i cations andsar uses w | e, apparent . fr e
10RREL; " 3eSE 2pf e RAR"p ABLIREE e hispBrtlugeesses for
pro@adinkn ERACTWRA WrddidnB8 mhdlEE@ar 2RREEHIE AnBRIre @mposition
BRI EF"DESCRI PTI ON OF THE DRAW NGS
distribution 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] To assist those of ordinary skill in the relevant art in making and using
the subject matter hereof, reference is made to the appended drawings, wherein:
[0013] FIG. 1 presents an Arrhenius plot for the degree of polymerization (P,)
of polypropylene made in supercritical polypropylene using MAO-activated
(u-dimethylsilyl)bis(2-methyl-4-phenylindenyl)zirconium dichloride
(Q-Zr-MAO) at 30 kpsi.



[0012] To assist those of ordinary skill in the

relevant art in making and using the subject natter
wheeeni273r ef erence is made to fhe appended dr aRETGS2009/003117

wherein: [0013] FIG 1 presentS an Arrhenius plot for

t he degree of polynerization (Pn) of polypropyl ene

made i n supercritical polypropyl ene using

[00AD] actFIGit @d presents the effect of polymerization temperature on the

(mdi net hyl sil'yl) bi s(2-met hyl - 4-phenyl i ndenyl ) zi rconi u .
melatiutdr ovdight (Qdzmelfay peaksdempsratpooiof] pelypropylene made in

presents the effect of pal rization tenperatu an
SUpGECTHistal NAIKProRy e USiRg %ﬁr%@%@a’k(H-éh'ﬁsﬂlsyﬁfu[@hﬂﬁ@-methyl-

L ypropyl ene made in. ercrit ical I
+BeH Bt IR DRM G SiehRRIE T ) SRR, fPR207 MPa 0
klgsal?henyl i ndenyl ) zi rconi um di chl oride (Q Zr-MAO
catal yst at 207 MPa (30 kpsi). [0015] FIG 3 presents
the effect of propylene conversion in the
[0Pay "EIFIGAL | BN mésentpetied | effeal propydpylent'sicagversion in the
MAO-act i vat ed )
pqlyndirizetiby| si bf| ) bsupezemtcdly| - propdens i ndesipg) zi MAM-activated
m di chl or | de_(g}z Nﬁg— at 130Q0C and 69 and 138 MPa . )
(H-donethy alykibis(2-medydd-phenylindepgbzisgompm 4 depi ct sdichloride
r e i c_of j rred k reactor. w th
(G BPL T e fnfi128 M Pow st RepRiniy
gradi ents of tenperature and/or concentration of
(BT S A Mepffs ¥ Oxerhdl chieriuie o bfhea Mnk, reactor with

bdfakl! 2shdsask®taditANe einjestibnmpbits Ploe ctddit€ Grh@iRnBO LI Stehtperature
create gradients of tenperature and/ or concentration

argl/ onoonwestration o memomerand/pOpeBmeRl G 6 depicts an
exenpl ary schematic of a tubular reactor with jacketed

cool i n% zones and nultiple injection ports to create .
[094Zhi edRI&-oF depibe Rt exBNRIaRY Seherpie of rastigad dank reactor with

I . 00191 .Fl.G depi basi c,.
oI EE sk B, FopRS T bl njetion AP LR Fufhed Bftients of
teﬁ@e%thﬁéiarﬁgbyH&ﬂéen&ﬂa%l%ad}tmsn&%y Hﬁ%)‘{p_%[}ﬁnér.i PP,
syndi otactic pol ypropylene - sPP, atactic

pol ypropyl ene - aPP, or propyl ene-ethyl ene copol yner).
[0018] FIG. 6 depicts an exemplary schematic of a tubular reactor with

jacketed cooling zones and multiple injection ports to create gradients of

temperature and/or concentration of monomer and/or polymer.

[0019] FIG. 7 depicts a basic phase diagram for mixtures of propylene
monomer with selected polymers (isotactic polypropylene — iPP, syndiotactic
polypropylene — sPP, atactic polypropylene — aPP, or propylene-ethylene
copolymer).

DEFINITIONS

[0020] For purposes of this disclosure and the claims thereto.

[0021] A catalyst system is defined to be the combination of one or more

catalyst precursor compounds and one or more activators. Note that although



DEFI NI TI ONS [ 0020] For purposes of this disclosure and
the clains thereto. [0021] A catal yst systemis
waledoonexi3c o be the conbi nati on of one or nore PEI/EE2089/003117
precursor conmpounds and one or nore activators. Note
t hat al t hought hensel ves are not catalytically active
(need to be conbined with an activator to becone
thefiselk. ark iRt @ataltsillpaeivy Gvedctontpo vonibimgdewitht &m activator to
referred to as catalysts in the art of polynerization.
benoyngastive)f theratalystpigeursoy sompovads pee ofien sefarmed to as catalysts
. sypporte n solid particles, i.n, whigch case the .
ing bt (ol RolamesiZgtieR ohn et f dhs Loy S SRIeT Ggp e optionally
fl uj . is | i i s '
sBPREE i S Brfi . dBROER, B SRS i akO i oL the caralyst
syisf@f. 300 kg/ nB. Note that gas-phase fluids are
excl uded fromthe group of dense fluids. [0023]
Solid-fluid phase transition tenperature is defined as
[0022] t erPatsat flniels adre whefimedaass lbidd nyealiy e thgindspid or supercritical
separates fromthe pol yner-cont aini 21% dense fluid )
statsdwith alensitigsvereagaretianr 00 Nsg/&n't halloteh dhajogasgtphass fluids are

ase, Lrangition t eratute is indicated by the
e)&%ichfrppkﬁ}q%mup Pﬁ?%}n‘"é(g'i nein FIG 7. Note al so
that in polyner-solvent (the solvent could be the

e . . o
[‘ﬂ?gigs)édgiy&gpgﬁgﬁ% tﬁrﬁﬁtl(f)arln ?ﬁ{mﬁ%ﬂﬁﬂ% i g@ﬁéfzctl I%% leeemeperature at

Crys zation an

whedH g salidl §SlyfricheHask tsepahds fieeh e Eb@rﬁ&ﬂmﬁaﬁlﬁmg dehse fluid
which a solid polyner dissolves in the surroundi ng

mednee at higivemprissuge. d¥eteathatthersolid- Auidsplmase tramsitenst temperature
lution of soljid polyners

isgi?@iﬁ%iﬁ;i B ¢ G sallizationsmperatuce ﬁiﬁgiri%fﬁtésf?ﬁbﬁlsa that in

hase t I than r ey .The, sol i d-f ukd .
p@yg}gﬁO?\g%%t gt:!}gersé_ﬁ{%ﬁg %‘%\Lﬁabgede eerér)'r%dﬁgd uyél nfiBifer itself or
mbfBRRrahete Jodekiftt i KlBndd)ar §jshems I ARt t APARRAIZEGBA aind melting

whi ch the polynmer is ful'ly 'dissolved in the dense
tefriperaturesa (thieohattee diefinedAas tthe Enymrawie tdtewhothmat salid polymer

of a solid polyner phase, the homogeneous fluid nmedi um
diseelyaedn the pireouing depgsm fiyid a@wméér%g)?‘t@p él%?hf‘c 8¢Mpe In fact,

oSGEITHGY  BILBH08, He e, OGRS RGulEE YRy hiher
tefiftatub&d thah the VORAUIA (Rds¥eraritién tERipeMAuANd 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.

[0024]  Solid-fluid phase transition pressure (crystallization pressure) is defined
as the pressure at which a solid polymer phase separates from the polymer-

containing fluid medium at a given temperature. The solid-fluid phase transition



J. C. Pinto, Ind. Eng, Chem Res. 29 (2000) 4627.
[0024] Solid-fluid phase transition pressure
W@ e009a42Bd i zati on pressure) S defined as t he PCEES2M0L003117
at which a solid polyner phase1 separates fromthe
pol ynercontai ning fluid nmediumat a given tenperature.
The solid-fluid phase transitionpressure can be
préshuee Tanest @vtepnirelisye pressuet ieduction aboshsiant temperature starting
tenperature starting from pressures at which
from pressures atiwhichi theopobmeris rfellmdiswlrf@écmu HW fluid reaction
dl um At éh@e onset of. the formatign_of
a

Mg er halie, PRE RindhenGOTGRTLA AedPlifh BRbBRES Phase, the
h(%ﬂ?ger?eo 60 rﬁ@ﬁiuh?b@?ﬁ{géeér’ ﬁftiiR @h Qhn %g)t}%rved by eye or can

by shining a the medl um and
béllettted Byt Blgindiel e Nasen aheAfh ﬂfe m@iﬁﬁmsaﬂdtcﬁlteetgmgshe sudden

described in J Viadimr Odiveira, C. Dariva and J
inCreape rctfollglllthdcatangxg analesciibed ind. (\d@@m)xrzmhvelr?,o@zaarlva and

I faitinto, dnd Boagehéme gsr i (DY) 4T ol yrmer - cont ai ni ng

hom)geneous fI uid rredl um becones turbid upon pressure

[‘(9?3 g]ongm megg #Eg ya}gssde?é %@reir%)\g/dwihﬂc&i] at a given
teljillg: ?tﬁ:ﬁe,rfhe ?ﬁgymgg cﬁﬁ%%}lg"rﬁﬁﬁe é:rfé()uﬁ)l{T\fiQ%ﬁédl‘&f‘n b@b@mes turbid

cl osure the clalns ther o, the cloud p0|n
upB presurd yredhctiom gata comdtantmi¢mperaturier asigtestribed in J Vladimir
sel ected polynerization systemin a cloud point cel
Obﬁma,anE@m@eand ard. P@tter dnhgEngcChems Rase 2§t (3009) 4627 For

onset ncrea

PO SeiioRiindte 533 Saimd SheRtS b sidh plinds mesgured by
f
o S 8 A5 RSS p S oo
cdlkeastol ®photsellasnd ecoupdinghiei praksu?e adnlle onset of rapid increase in
copol ynmeri zation. [0028] Copol ynerization enconpasses
light\scpig¢ryme forzagiven teaweratyre.of two or nore nononers.
[ 0029] The new nunbering schenme for the Periodic Table

(xoups is.ysed a ublls edln CHE
[08R6] Ne#Rhighexiengle s syelines g3 9B g0 eﬁgémmwfew gr more carbon
atgﬁlgyrrer is referred to as conprising an olefin, the
fin

e g

S

[0027] Polymerization encompasses any polymerization reaction such as

homopolymerization and copolymerization.

[0028] Copolymerization encompasses any polymerization reaction of two or

more monomers.

[0029'] The new numbering scheme for the Periodic Table Groups is used as

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

[0030] When a polymer is referred to as comprising an olefin, the olefin

present in the polymer is the polymerized form of the olefin.

[0031] An oligomer is defined to be compositions having 2-75 monomer units.



present in the polynmer is the polynerized formof the
ol efin. [0031] An oligoner is defined to be
W@ 09pa£i786 ons havi ng 2-75 nonojer uni ts. [ 0032] PAT/US2009/003117
pol ynmer is defined to be con’p@’lti ons having 76 or
nore nononer units. [0033] A series reactor cascade
(also referred to as series reactor configuration or
[0032%t or% éj'dllytﬁef idefined ko descampositiomphavingdtd or snore monomer
connected in series, in which the effluent of an
ungtst reamreactor is fed to the next reactor downstream
in the reactor cascade. Besides the effluent of the

(03 he A 80T FoasH SaSFRG AT IBTod o SeriSS sATRImanfiguration
{ L , .

of FBlofS in 5B R den v T B KT rEAEES Binrfs AT Rrl S5 which

tHeCaFhRNht beAn! §lreant Pettd NI Rptﬁéméitzéhbﬁﬁhdcﬁﬁﬁtf&am in the

or to a group of polynerization reactors of the

reiaotdri cascdilee nBiesidep the efBuctitsefl theashreani reactm(s), the feed of any
produces a single polyner blend conponent. If the

reagiEtcan he augmented avitB anyrcormbination ofradditienal megomer, catalyst,

reactors are arranged in ries configuration wthin
sqaﬁ/gngqrapﬁ§ol¥ﬁg{ﬁg§gorf Bercyﬁge\ﬁsﬁﬁdﬁﬁfbﬁm(shan one react or
in a reactor train may, for exanple, arise when an

[déiggﬁ Ir gg{ér%lg dtﬁ%@&f‘%ﬁt%?.”&%cf?%f’rr%Q&%‘Pd{egﬁ r%%?s to a single

e economcally in a singl e feac

pélfeieRizatbh dre@€tor! G10td Qiagﬁﬁ\.ﬁ) g Filgmhetivatib® TdagtofP@fethe in-line
guality, such as nol ecul’ar wei ght or conposition

bénding quocens, disadosesl nherein ribatt produces na c amgionpolyseer blend
ctors and/or reactor zopes in series

[ tipl h
C@nﬁnt@% ti| KErTHE dBASIOR AN SOBIGS ATk ThaR A FRagtors are

i1 seldf: . L end . of i Wi
T RO S PR A BBt e

ofOWENMR6r ih b QEAR6r tenis! MY For LREMPES Carigd MHEnOhn in-line blend
di fferent embodi nents of the processes di scl osed
cdrepeient caheotplod proehiced at tikidesiodd mte ecmrtomnicalgiim ai ssngle reactor

b e S o BT s SBTasE8 bk GomponSel ghliy. such as
mggeg{ugz{rnér%ﬁgsﬁ Igg)g@;sosgt:lgrf ﬁd’ésc'tlﬁll%glggﬁg re&%.?i?%?{ejf ’S’r%a&]:)r train can

cdiftpAld ShultAe! Rheioté | AndjBr GRasiofehSibs2tn SRRREAlife single blend

reactor tr s even if they produce essentially th

canpendm -prodeceld! iardreactgraraintmay’itself be a polymer blend of polymeric
components with varying molecular weights and/or compositions. However, in
order to simplify the description of different embodiments of the processes
disclosed herein, the polymeric product of a reactor train is referred to simply as
blend component or polymeric blend component regardless of its molecular
weight and/or compositional dispersion. For the purpose of defining the process
of the present disclosure, parallel reactors will be considered as separate reactor
trains even if they produce essentially the same in-line blend component. Also,
spatially separated, parallel reaction zones that do not exchange or mix reaction
mixtures by, for example, pump-around loops, or by other recirculation methods,

will be considered as separate parallel reactor trains even when those parallel



spatially separated, parallel reaction zones that do
not exchange or m x reaction m xtures by, for exanple,
w@eovpAs7dund | oops, or by ot helr recircul ati on PEL/HS89/003117
wi |l be considered as separa é'par allel reactor trains
even when those parall el zones are present in a conmmon
shell and fall within the in-line blending process
zdHeS Gre gResdne g iancothfdidhdReand dall beitkinr theeinslineblending process
conmbi nation of all polynerization reactors in the
dipdiogedtherean.i on section of the in-line polymer blending
process discl osed herein. A reactor bank may conprise
one_or nore reactor trains. [%036] A paral | el reactor .
(00331 1 g Reselsrbankaetersdo i combistior, ebel ppLyBeriFaian actors in
trains connected (als fery. s, Ui .
thg o RNREIEIHRR Servich oF O PLUEE petyRr bithflng: procgss disclosed
hérth. Wichitoh HASk DY ERABLSE ofE oRhidte ReddtyelryingPr e t han
one reactor configured in a series configuration. For
exanple, a reactor train may include twd, or three, or
[0036] . X paARiIRI F€RESIOEch figurateon ascluddsetwanbdt noreacatdmslor reactor
reactor configuration of the polynerization process )
traiins cbnsected Caled meferred. to asHiuid nngciast) infpasaliel. A reactor train,

paral | el pol ymerizagtion reactor trains.forns th
bragela BF lesh A (imOIap P JRREHOT, QF Ty ivebmmaregthanngpe reactor

b5 YRR g BBns TP STRAER) DLURAE MR il

tvRNt broBfree S 6AMBILCHE MoreNRdagtdrbah §étest harhzaketiRf parallel reactor
conveni ence and clarity, the catalyst systemis

cadiuestad of dpapalyealerizationipropess shistloskdskers i, are. fthe mombination
o S B s er o AP

here narrower than customary in the art of
10832} ool TpsRratioit: ety Ve d L BL s ol TidiEter) plus
cogfgﬁiﬁ(ﬁﬂgtr(gffﬂlﬁkt?glgmérrﬁaﬁl&ﬁit Lﬁpﬁio?l%gsi?@ﬁ 'sBl\FeIﬁ?(s)/diluentés) plus

ymeri-zat'i on cto n‘its effluent is conpose
optforiah &scpodngeels) z aNots thyts fanthe wskd lof @aivahiesicesytml efarity, the
[0038] A honpgeneous pol ynerization system contaj ns
caalystoBystem dorgsishiessed sapagatelyndn ethshpresent shsgussignafipm other

m xed on a nol ecul ar scale. .In.our discussi

ORI oRECSBY y Hor Pz RYBRELYRHis eAOTpant® ¢ Hife TPgard,  the
p&lyﬁfefizgﬁaﬁes)fs{éfh Gis (4 MM here narrower than customary in the art of

polymerization that typically considers the catalyst system as part of the
polymerization system. In the current definition, the mixture present in the
polymerization reactor and in its effluent is composed of the polymerization

system plus the catalyst system.

[0038] A homogeneous polymerization system contains all of its components
in a single phase dispersed and mixed on a molecular scale. In our discussions,
homogeneous polymerization systems are meant to be in their dense fluid (liquid
or supercritical) state. Note that our definition of the polymerization system does
not include the catalyst system, thus the catalyst system may or may not be

homogeneously dissolved in the polymerization system. A homogeneous system



or supercritical) state. Note that our definition of
t he pol ynerization system does not include the
W@ ai0ah1y580 system thus the cat gl yst system nmayPCF/USHY9/003117
not be honobgeneously di ssol vedin the pol ynmeri zati on
system A honbgeneous system - may have regions with
concentration gradients, but there would be no sudden,
méy SRRt fopicnss withhogesenfatioanpediditgnbentireiveswdebeno sudden,
scale within the systemas it is the case when, for
dissentpiuous shiangepof gomposisionaima mjcrametet Seale avighin the system as
. suspended i n dense fluid. | ractical, terns, a
it o RS gEE ST 40y s ot apBirBR-faraing Farigies are suspended
. CO S i: ngl S ' .
in PAGROTNNR, 1 a0 A o R R RN S by dfem has al
ofPRS ldompuiRetd th ADsiAgldaenNfluid hﬂsd?haﬁg)aﬁ*énﬂl ) & pollyherization
and a solid phase. %he hormgenegus fluid st at)Z ofp‘t%ﬂ(;1
systdny ie nov homogesgmisewhes it israstitoneditdmarbéhan ngeé ¢luid phase or
fluid (liquid, or supercritical flui .region jin it .
toph faed and gy sehd pbasse] Thg homnegsnegrs diud isgﬁéP @éitﬂa paﬁymerlzatlon

types. of hydrocar . ' . i ther. .
syt fapedientf BY A8 Sinef¢ Pufi Ukluib Br bRl Dyieh region in it
plidi8idiagrgpper ature and pressure. To be in the

supercritical state, a substance nust have a

tenperature above its critical tenperature (Tc) and a
[0089F sUParébabgandes, aidlidiaglalbrypes of dydRsdarbdfssicun @xistfin either

hydrocar bons, including mxtures of nonomers,

a pabgritinad, ompapaspritioalastate, idepending| oretheir témaperature and pressure.

Tgr egg’ﬁ }l%; is%;i‘r_%?%iti&ﬁlrgtﬁ{q? %1:] gﬁ%ﬁéﬁ&%g{%@ﬂ?&%% ur?d 3 C}r)érta.{ucrgl above its
501 BRI DRSSO SO e ) Piures

ofMydreé£bdns, OB RIEAE $nixhrss OF @fondrhérsapbBimas Ahnd eptionally inert
above their pseudo-critical tenperature and a pressure

schoants hires ipspedodoitical ttemperatures s{ire and | pdsedeairificab pressures
be in. iti | stat h , dth ] .

(PehePRisdy Ratnmanye pisiws o be gwpeorimated ¥ malpdiaciony weighted

BT ERYPARETEL CHIER RSB RIL O 35) ol guocure's

cdnlfonehtgl Mikhiréahvith 8%&&%&&8%0@& tRélF haewddbfifical temperature
substances relevant to the current disclosure are

artdhas preskate fibawel theirt pseudiadbiood pfesSimenivallr beasald to be in a
Physics, David R, Lide, E it%r-i n- Chi ef, .82nd. edi%i on .
supgtpritical state or phase, and the thermodynamic behavior of supercritical
mixtures will be analogous to supercritical pure substances. For purposes of this
disclosure, the critical temperatures (Tc) and critical pressures (Pc) of certain pure
substances relevant to the current disclosure are those that found in the Handbook
of Chemistry and Physics, David R. Lide, Editor-in-Chief, 82nd edition 2001-
2002, CRC Press, LLC. New York, 2001. In particular, the Tc and Pc of selected

substances are:



2002, CRC Press, LLC. New York, 2001. In particular,

the Tc and Pc of selected substances are:- - 273.2 K =
wW@R©09/1§00010] Pure substances, jncluding all tyPesUs 009/003117

hydr ocar bons, can exist in ellljher a subcritical, or

supercritical state, depending on their tenperature

and pressure. To be in the supercritical state, a

subst afgmeTUST [TRVE) A Pc GVPH T 21 Wame 20gVEc (K)S] CPd (MPaR
tenper fH M€ ( TC) 5@y | 3028SSUT BrogaR®VE 13858 CT | T 4.248l
pr essul@bhdie) . |VhoAdI €S3.0F Ny drasas bgnsgi.g ncl udiing
m Xt ur @%hafd NONOBEYS,| PId7Y Mgr SMetkanel qpt9ochal | y4.569%er t
sol venisglohive [pseudg- c4.98 | ¢gal Buemper|agairies| ( T&)J9%and
pseudo{Qytlopenaad | pricsgur €Sl (Pc)Ethwdne ch 28134 nanyS-8dist eins
can be |lappnoxi Ma#ed by a4 e-f Peprlensn-webttht pd aer ages
of t he [lgmnteres pdnd4by [cr3-$6 c4ICyglenspienet|i 886. Tr ord-8c) of
the miPenisne’ s dom§ldnant &37 M| xisapeatanenilt H6OA t prpdBat urle
above {Bepdepe pseii98.021 i 148981 |1CGuplphexape |y 8335h ) re
above {lHsxsne nepuﬂw O f33‘a_|__p_p§§£§@i_e \M51402 b i
be in 37%a|§eT9r(Pt| cal state or phase, and [0041] The
foll ow ng abbreviations are used: Me is nmethyl, Ph is
phenyl, Et is ethyl, Pr is propyl, iPr is isopropyl ,

[0048] | Puresubstancespiticludng @l byteylof Hyamdabbwmnwmst in either
tBu is tertiary butyl, p-tBu is para-tertiary butyl

a swcriiticaly orreumrpgnpyll statg, RIkperding, on St tgmperatng and pressure.

TMA l{%olpgﬂﬁs tsQ gcp g%];,]gq)égeg %@pﬁﬁ gélﬁ}: h%)yémperature above its
. <fnat gr'ﬂggfa(t)u p(g%zggx)daa \APY{]SOEI:@ d8iRke 1?30€1rlﬁ&ﬁsp&§’sruré §Pc). Mixtures

I nterruption ‘or

oﬁﬁﬁ(ﬁﬁba&@ns FocheiagPhi&tues o thomeraes, pobeess, bred optionally inert
produce a polynmer woul d be one where the reactants are

sadeents,nhave ypsende-waiisal tcmp@ramp,eSO (Teoaadrpsetrdoraritigad pressures

R T N ARACTR L L A
a\%rr%eesst%f tﬂ? V@Br&!ﬁpeﬁﬂ lél‘lﬁ%? glc‘gf)érﬂe?c(h% f I‘c‘? d?f the mixture’s

ul ar) In a I qurd/ vapor
cdiﬁbdﬁ@fté ZMiix@ite§dtAterhperatidiesebove thlir PREVYA®CHE@A] RMperature

medi um can forma single or two fluid phases, such as
arld quipdgssergabove tthel pseéwdaicritical pressure will be said to be in a

supercritical state or phase, and

[0041] The following abbreviations are used: Me is methyl, Ph is phenyl, Et is
ethyl, Pr is propyl, iPr is isopropyl, n-Pr is-normal propyl, Bu is butyl, iBu is
isobutyl, tBu is tertiary butyl, p-tBu is para-tertiary butyl, TMS is trimethylsilyl,
TIBA is tri-isobutylaluminum, MAO is methylaluminoxane, pMe is para-methyl,
flu is fluorenyl, cp is cyclopentadienyl.

[0042] 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.



l'iquid/liquid, or supercritical fluid/supercritical

fluid, polynmerization medium In a |iquid/vapor
W(pmoymm}zatu on nmedium the po ynmer resides i nPCTES2009/003117

liquid (dense) phase. Slurry |§0’I ynmerizati on processes

typi cally enpl oy heterogeneous catal yst particles,

such as Ziegler-Natta catal ysts or supported
[(mat;]al | Slef9 palydhsrsiasionaneferdaol hkpolyhterizabndprocess in which

pol ymeric product typically adheres to the
paracela@eaeﬁduspekym@r cegal gsanqdatr)t ifetnas inh@s deoperi Hgida or in a

R ARORPABREEZAION AMRIHED 11 SeDF o ) SEERRR medium

cdn oh) é/ glé ag S?‘lﬁida 'Bhag%od'sﬂchsgé Yi cLu‘m s%%ercritical fluid, or

pol'ymeri Zat¥on reters mer1 zat

lldﬁlﬂﬂlm&laeopgﬁpﬁi‘@ﬁtltzﬂ fOh i V:ﬁﬂltld%ll qdid qlbkblgrmerlzatlon medium. In

pol yneri zati on system such as an inert sol vent or

a tignaodfeage) palyndrezatiobl rmadsim thlemmlgmep akyides iz dbé diquid (dense)
conprises a honogeneous liquid YFTETI zat| on system

phaset h%lurré/amﬂdmem@élonem@ﬁ%ar%pl@ﬁ % 9mpjQydheterogeneous catalyst

p%ﬁg%:gg {ﬂgé# %?gﬁ% ifa ﬁ%gfygf rogué;%o esdjg] z%clfdcehgaéata%sts and
thBARETeIhe 881i® E§}y§f;@r1@§f&d¥fc’ﬂ%1@ \)g‘ﬁﬁﬁa%s ! El% RéteFdgemkous solid

tenperature a pressure ntional solution

carallyyrmparticdds tuspforatages shyni phhdey Gherrstpolyirtehizatior processes
than 65 wt % inert solvent present in the

opssrignkelpwatheosolid-fluidnphase trassigioastemneseiuie ofthe (ppdgmerization
}PEQPA and tenperatures between 40 and 16Q0C. [0045]
'nced sol ution polynerization refers to a
honogeneous solution polynerization process in whi ch

1903h" 5 iR P A bncRerS A8 s S izl Buogss in aghich the
pcﬂgﬁleﬁs%gso%ki\iﬁ r&tllcgt%ﬁf;gﬂ'l%e%hkﬁ’lnoﬁ §y§t9§1 lsh&'h§ an inert solvent or

meri zation syst tween 20" and 65 wei ght
mpﬁomer(B) (ontthéfy .bldids. sSbligiun pslynygrizationycampsisesos dioamogencous
or. fluorohydrocarbon that is inert in _polynerization,
liquid apebueerization tSbféteﬁbIIMel’ﬁhe irgagtopar afhe rfemperature Of a liquid
(ﬂﬁdroca bon of 4- rbon toms 00461 éupercr )
PJSTFRERISR FONeerbr 1B S1pghy HrTsatFdn o BRakls Rpercritica

i‘iﬁie%l‘uféqqhﬂg Féfﬁ'i?ir S}Z(Slgﬁ{ér@éﬁBﬁénafé ffohh@d %%W the sugercrltlcal
percritical or p osupercrltl state, 1i.

tefripRratars ianyd/cif ptdseuiRo! YOBventionah S‘E)Ytﬁi(ﬁiﬂpo‘iyrﬁbﬂmtlcﬁrﬂ(})rocesses
typically operate with more than 65 wt % inert solvent present in the
polymerization system at pressures below 13 MPa (1885 psi) and temperatures

between 40 and 160°C.

[0045] Advanced solution polymerization refers to a homogeneous solution
polymerization process in which the reactor pressure is between 1.72-34.5 MPa
(250-5,000 psi), the reactor temperature is between 50 and 160°C, solvent
concentration in the liquid polymerization system is between 20 and 65 weight
percent (wt %). The solvent is typically a hydrocarbon or fluorohydrocarbon that
is inert in polymerization.  Advantageously, the solvent is a paraffinic

hydrocarbon of 4-8 carbon atoms.



g/L and its tenperature and pressure are above the
corresponding critical values. [0047] Bul k
w@eiogmeszati on refers to a poll7yrreri zati on prop€FESiIN9/003117
whi ch the dense fluid polyneri'’zati on system cont ai ns
| ess than 40 % or less than 30 % or |ess than 20
w% or less than 10 wt% or less than 5 w% or |ess
[00as] 1S&ﬁ3%&ftidame{)6lyméri@tﬁbn keferd teohvpolysnerization process in
characterized by their |ack of incorporation into the
whichdube polyynenizattoai rsystem t e ipr duclense spercritical or pseudo
pol yolefins, solvents aje typi.cally hydrocarbon .
SUPSHSHICEH RS iteo vsTChetssLY e RAIRTiZlioRsYy tean ig,above 300
g/ioqndoirts frh er§tu‘f@ragﬁg>r sﬁp@aﬁe'\ﬁ;o%ettﬁéko%ﬁpondigg critical values.
pol'ynmerrzation systeémnay also contain inert "'uent's
that do not incorporate into the product polyner

- ol iy . S _

L BT RALRHER L0 RIS GRS whic the

dénide TR pdlyrhkAsatich sysiémidonkdinglldsy eirs4@ a6, atdeskethad 30 wt%,
separately fromthe inert solvents, the latter of

omless thaar 20 swiiedri lesethanoHamtYo, farrleshthian amitta,tar less than 1 wt%
keep the polynmeric products in their dissolve

ofii@eﬁgpl\ﬁ@ﬁnméﬁa@%@p@ép pacterizegdry ther 2k o insQpgragion into
B4R 4T ERURS RBE B S0 ot TG B e ypically

hREbYABOIE @b i_sf@%h%@Z(ﬁé’zﬁBoﬁ%t&ﬁs,i ABFantFFYoSRL 5 @6 10, or 5 to 8
nonomer or their blends in their supercritical state.

catborletomisbe Nateodeat thiee polyhrreszateonc systeonlmay ualdo contain inert
polynmeri zati on systemcontains |l ess_than 40 w % .or
difuesds thatn deonat Jceiporaissintaatheopragunt pRlymesschaipn ikhey are

w %, aor.less than 5 w.% or less than 1 wt % of iper
Bl riperafiiSed &€ Fapyilie? pBssnESraopAmth sy oESF the purpose
oif)tﬂ@%ﬁ eht dRloshitd!itHe ildiP dRNERESPe bSnsi@drl sBParafel3Frén the inert

ul k honogeneous "supercritical polynerization process.

soHxmgjethediattes v avitichtare addded! intamtionally dior sheinl abiliy to keep the

di sti ngui shed from het erogeneous supercritical
pypmgrisredusts i thejudissalyeflstatexanpl e, supercriti cal

slurry processes, the latter of which are perforned in

ercritical fluids but formsolid polyne

[03551 i cdiamegenaous HApgEITytigal iI%deGﬁZ?’ép% i/rsferrs dpnd [p@lymperization
piess; 0T RAGPEER PRBTREL ! SfsoRRY TR b7 8AR BRHftical fluid
polymerization medium, such as an inert solvent or monomer or their blends in
their supercritical state. As described above, when the supercritical fluid
polymerization system contains less than 40 wt%, or less than 30 wt%, or less
than 20 wt%, or less than 10 wt%, or less than 5 wt%, or less than 1 wt% of inert
solvent and the polymer is dissolved in the dense supercritical fluid, the process is
referred to as a bulk homogeneous supercritical polymerization process.
Homogeneous supercritical polymerization should be distinguished from
heterogeneous supercritical polymerizations, such as for example, supercritical
slurry processes, the latter of which are performed in supercritical fluids but form
solid polymer particulates in the polymerization reactor. Similarly, bulk

homogeneous supercritical polymerization should be distinguished from bulk



sol ution polynerization, the latter of which is
performed in a liquid as opposed to in a supercritical
w@oiogierrBeat i on system [ 0049], Exenpl ary honogRCEUS09/003117
pol yneri zati on processes are ]ﬁ;o'm)geneous supercritical
(also referred to herein as supercritical), solution,
or advanced sol ution polynerization processes. [0050]
sdreaeh pelyra&ieatioe!, € ldtter tdfewhichds iperfoahed in a liquid as opposed to
pol ynmerization reactor where both the catal yst system
inemshpemerifped ] podyinguezatedn sysie®m are present and ni xed
intentionally. The reaction zone is defined as the
reactor interior filled with the m xed pol ynerization
[0048] c atExeyaplagy oomgepeous @olymerizatien popeessehare homogeneous

effl uen rts. .By "where both the catal yst st em and
SURSECTHEAR) rALT0, JEFeSTecs 0t BRACAR o2 SHBETUIGAY, eoRiPn, oF advanced

1 g ' LV he space where the
SAAQ{@%R za 1{1%%10‘?@%1’(2:5{3'9{0%851 s designed to take place and

the polynmer is designed to be present as opposed to
[(mg@!/:es hefin YdneeRFEAAD The Infdrfdtdsta dIARAAI G Fedtor where
polymer 1's intended to be present, such as the
botht thei cutalgbt thstennhad ythe polgmepizatien systeth poe tpresent and mixed
_stirrer assenbly, etc. Athough the |ater spaces are
inggntiomally. cbhgreastion zone isedefineshay Shtereagtorpivtgnier fijled with the

AR T8 B S L A e v

A . i hi : )

PAASE B R PUTRR S SSe UL nd W Al kg syoem ar

pres@fiuind @Mixeddptemionalle!l Wwe thearn nitd spacd wikeiehe padymerization
take into account experinmental error and variations

reaptaon b desighed ér peke adadsy and fhe polymar ihgesigaeddebe present as
skill in the art. [0052] Provided ar t hods of .

RSl PrRPASE JHRSTE R ERAGSR iR OGRS L BRBCR @GR polymer is

. r [ is i

oo SRSl AR RO R, sl PR SRR pors,

stiY&t 8s8enBly € eRﬂrtA%hbaEhythepfl&ét dpdceyr araRlifeedly Gbupled to the
produci ng polyners with broadened nol ecul ar weil ght

reapti¢m zooepns polymedisintemdad tmenter andom palysuer 1seiatersied to be
in th a honmpgeneous g;Z)ol ynmeri zation systemin its ‘

PolymErized 1 HipRsesprFe

i ng reactor tenperature gradients,

DETAILED DESCRIPTION

[0051] All numerical values within the detailed description and the claims
herein are modified by “about” or “approximately” the indicated value, and take
into account experimental error and variations that would be expected by a person

having ordinary skill in the art.

[0052] Provided are methods of producing polymers with broadened molecular
weight and/or composition distribution in a single continuous reactor operating
with a homogeneous polymerization system. More particularly, provided are

methods of producing polymers with broadened molecular weight and/or



react or polynmer concentration gradients, nonomer
concentration gradients, catalyst concentration
wWQ@Qer@din€186, and conbi nations thereof. Non-I|i mPREHHS2009/003117
exenpl ary conti nuous hom)geﬁe1 us pol ynerization
systens include, supercritical, solution, and advanced
sol ution pol ynerization conditions. Solution and
caflpeditien sdibteibutionpoiny n®r icoatinooss pe¢dcosmedithi té homogeneous
liquid-filled reactors, that is, the )
Pelymenizationsysicm inyits seantionnzaniexetilizingireactor tgpperature gradients,
pol ynerization system fills the entire volune, of. the ..
reaglett SPLYIRER CanGDIraupRr Bradientsy TOUPIEL SoUGRALAtion, Bradients,
Ny | : Liabl 0 er, in s it
ARTSE B BT SRR Fd JehiBaddhRCiifrr! M Non-limiting
ex¥nRslans escaitimits t hoatddeéBusini polymdrizadion’ eayseims  include,
tenperature, reactor polymer concentration, nononer

supenqritséalj snlution,pandsadvranced dolionl palymesizptien copditions. Solution
o s B Bl BB T B4 715 reactor,
. di,stri ion.. .I: .dj sgl

sCh P20 AP RaBRBIERS LSOOG BERER svsem, s

the&HIRB 010Gt Ble! RABRR. CRLA Mk Subefcriticallygstemsr f1Hiays fill the
with ow MAD and/or ow CD, thus to nmake instead

erpire wodumevdviailableotadiieed KAdDeeally/ or these (gmad fidkedastactor systems,
herei nafter as processes of producjng polyners with
PIRIORH dHeeessss atempt tReachinyeanaiformiy (fdeagir temperature, reactor

pERESr SRRty o hrronsRuRRIo S uBhs gpa  catays

T c t I C! I18sd Qvariation i
el THBRERRSRC Rl PEBiEy Ripd) G proor: e Sariaion i

mptdcyibarweight and cempositionhdistribaitiont ful |y m xed with
the rest of the reactor content. These inperfectly
m xed zones create | ocal polynerization conditions,

[0058] gdrter aprieseritn disslomuref offsnpesimplee, casbebieientnaetdrods for
ovTEdyE s GenE Lo {os B FETH NSt Hor LGN FeRESevith low
VL FRIEORy OO0 OB 0RD MR bgancd D
alfPbE Tha(untRirgbbd EarelRTick | &) prochsees @Y pictluciny tpolymers with

For exanple, in one enbodi ment of the present )
brdiad ehask unmelesulan waightrpand/ex thrgaddnedd compesitionmdistripudon) in a

zones) is created by limting the rate of mgifnrjlg.of.
cQ%@“PPéng]glEéﬁa‘gﬁf OPETRINg W A BOPIOBRNEAUBPR rization system.
Tltné 85deh@0%r e I);E%eﬁteﬁlgél%rsufeoﬂttsrgreate a zone (or multiple zones) in the
polymerization reactor that is not fully mixed with the rest of the reactor content.
These imperfectly mixed zones create local polymerization conditions, most
generally in terms of temperature, monomer and/or catalyst composition, and
polymer concentration that are different from zone-to-zone in the reactor. These
differences in conditions may then lead to the formation of polymer fractions that
have different molecular weight, composition and/or crystallinity. For example,

in one embodiment of the present disclosure such an imperfectly mixed zone (or



[ 0054] The processes of producing polyners with

br oadened nol ecul ar wei ght and/ or conposition
waele@bnidigd i on in a single congé nuous reactor OPET/HS10NY003117

wi th a honogeneous pol yneri Zation system di scl osed

herein may operate in conjunction with the advanced

sol ution pol ynerization processes described in U S
migiisetzofey) iscatated byolimlting Hedrald 3f mikértk of tHeefrestbéged entering

12,” 2007, U.S. Patent plication No. 11/961,583 filed
therreetoe mhithy other fractivns ahtheuegctopgoaient.Appl i cati on No.

12/ 016, 346 filed on January 18, 2008, each of which

are_herein incorporat eg by reference,.i
B

hei i
[0054 r etThe prowssies Ty %légé?égylﬁﬁrspwabﬂmt()ﬁgér;ﬁq iokgcylar weight

o bf BBRRIIRTT B in 5 st SRLRLABT ERRSHL oBfrage it <
hﬁ%pge&&@;puégﬂﬁwaﬁsﬂlsymm dREI0RBd hEAdiRhAY SpER$Esh conjunction

In m erate in tonjunction with the solution
withl stree ndearidednsglutionspalyneenitatipp apraceassed edascribed innU.S. Patent
U S. Patent No., 7,163,989, herein incorporated b .
Apglieatiore Mo. 4 1; P54, 278ifiled pn Pocmsberrhy eéjs§egaéflt Application

N 0458 SRS R AL, BT oth Bgiion No

1%@252&%‘6 dﬁg&g@ﬁ iJgﬂ%éll‘f '8 2 UHTRAER AUShRA é&%ﬁﬁéréﬁm‘ [fBrporated by

osed herein may al so operate |

refereho® & tHoir stidetyi.he supercritical pol ynerization
processes described in U S. Patent No. 7,279, 536,

herein incorporated by reference in its entirety.
[G03857] Theepmcosses dprofugingotymgrspwithrirosdenadmolecular weight
br oadened ol ecul af wei ght and/ or caqnposition . )
angl/gx CPBIROSHIT AISArIBRHRN dN b Stngke GOBURKRAKS 672ctYe PRETANGE With a

with a h . POl ' j f: . . .
e R RGRER BB Y EE 3B R R g in comjncrion
wRhQRE $8RFFHESEIN hR@Fatitn Précessad 8Ad appataheddsefibk@ in U.S. Patent

60/ 905, 247 filéd on March 6, 2007, and U.S. Patent
NApp)1i68 £:8% heidin i6Eurpdtatdd By frefeeehceninescantirety. 20, 2006,

both of which are herein incorporated by reference in

their entirety. Reactor Tenperature G adi ent

[0856bdi rihe: Brocesssjof predueing melymars withthsapdenadumelecular weight
effect on | equl wei ght of the resultant polyner . .
aradg Gamipostian ctredbuiGedis, Sinelt EoRBTas Fasii: DRregne with a
h&HSgeneous polymerization system disclosed herein may also operate in
conjunction with the supercritical polymerization processes described in U.S.

Patent No. 7,279,536, herein incorporated by reference in its entirety.

[0057] The processes of producing polymers with broadened molecular weight
and/or composition distribution in a single continuous reactor operating with a
homogeneous polymerization system may also operate in conjunction with the
in-line blending processes described in U.S. Patent Application No. 60/905,247
filed on March 6, 2007, and U.S. Patent Application No. 60/876,193 filed on
December 20, 2006, both of which are herein incorporated by reference in their

entirety.



nunber of nononer units in the polynmer (Pn) as a
function of the reciprocal value of the polynerization
wo 20vpasasure in Kel vin. Such ots are often re¢EUSA9/003117
to as Arrhenius plots and an “€xanpl e of such a
correlation is depicted in FIG 1. In the case of
propyl ene pol yneri zations, decreasing polynerization
ResstpeTaimpeeatond Geadignti Paibedbasntsol ecul ar wei ght (MA
but al so increases polynmer crystallinity, as stereo
and regi o defect popul ations are generally reduced.
[0958] f orThzo ipplyroesizatie tehmeraetu;eere%feat e apeledelac ewoight of the

| %Q?Mhﬁetharithm of the

crystalljnity and nol ecul ar, wej.g

resgltany apLyanqrs swyrbe, repdily; desayid
[ tion f.or., pr ' .

nBFEER} g s R o DAL SR RIFAET PR iprocal vae
oPthe! Pol§hReiAtibRACHPerABREH KeMinOPSicH plad afd bfiehaeFferred to as

tenperatures at steady state conditions (also referred
Arheaiusrpatstand areeyanptevosuphaal cemmelajion As depictest maFEG. 1. In the

in FLG 2, the polyner products nmade in reactor zones
casgephbroRylane dolymesaationypdscieanng nelymeHvation ftempgrature not

o ifFtafs Rl <Lt REEnE VRl bul Bspifrceid BT R ristglinity, as
st?n%%ca{tﬁf r Fi@%c? ?g?ﬁﬁl%ngfar@ Qh&‘ﬁﬁg?&?g@édy ngs, for pv\(}ll?r%rr(])pylene,

ractions o ent average nol r wei ght,
thiey tetpératuire odepehdonctend thstaliihey udml melegiar weight are highly
di stribution (MAD) and conposition distribution (CD
cagtelated FehHIGpad)-ymer- product. In one nethod of the
present invention, such reactor zones of different

ST, TR 55 R SRS, R M SRE 900358 v

e i )
AETRHERE A e Ly reIUEEEGher may, be g, greate reactor
z3m8 AP crhter at Odiffe%tbtérﬁ}%@fatdreﬁ dtesehy ) stared conditions (also

restricting the mxing of t

e feed with the bul k of
refé¢reed trpat wackir ttempetaufeegrddemtDr sA¢ Histrateck indfl G o2ethe polymer

The | arger the tenperature di fferenc& bet ween t he
Progueisomafe i TRAFHRIT APDF: ORRERIINGe ab (iferegh demyperatures may have

di&%@ r%q%@ulart E\S%%gfda?@ & stgﬁinﬁtti1 .M@oﬁg%lru%gtl?/f lrhge resultant

inal” polyner pr I'Ng such reac

pdISHREFHRbENG &7 eI 8t porBYf BIfe AeATEY RAyOhe @bilpRked of a blend of

controlling the tenpéerature ofthe reaCtor zones b
pdignter efracteomgeot different xavephge nhyleasangvaigbt,i whiahoblysdefinition,

or jackets controlljng the, tenperatures é)f the reactor . .
brogdery) t,heam@,lqﬁulquwgtglp%iqﬁﬁnpﬁgon (MWD) and composition distribution
(CD) of the final polymer product. In one method of the present invention, such
reactor zones of different temperatures may be created by having the reactor feed
at a temperature that is different from the temperature of the bulk of the reactor
(advantageously, the feed temperature is lower than the temperature of the bulk of
the reactor) and restricting the mixing of the feed with the bulk of the reactor after
the feed enters the reaction zone. The larger the temperature difference between
the reactor feed temperature and the bulk reactor temperature, the broader may be

the MWD and CD of the final polymer product. Creating such reactor

temperature . gradients may be achieved by either controlling the temperature of



reactor feed entering the first reactor zone of an
essentially adiabatic reactor and letting the reactor

WO 209pasAasUre rise in dowstre zones due to tPET/HEADI/003117
of the reaction. Due to the correl ati on between MN and
crystallinity, polynmer products produced using these
reactor tenperature gradients nmay al so have broadened

theorsaert 2aies db thidab wixichasgerk QF60 exMnple)gbyv usimgn cobling coils or
reactor may also be limted, and thus the effects of

jatkets castrolling tie é%mp@natlnas lofttbng@a@tpu Zengs); patices cooling the

i ncreasin

repgior deed CalermEather Hisk Tasik ple of ag, Py by Adiahgtic reactor and

r.eact o [
leﬁ&‘gfhe E %&66{3 % %‘F% Q‘{?}écre rgs%nfensﬁ ngﬁrgﬁrht %tglelgs(gﬁé ?&i the heat of the
reb i 6. nEueQ@ftﬂlb%r&@ﬁ?drﬁbbtﬁ@adheﬁﬂV%rﬁi @r@@@tﬁillﬁl@y apiolyﬁner products
restrict convectional flow along the axis of

prodacedrusirgn dheserbdactin tamspafturkegradientsinnay @so [lwelproadened
As nmenti oned earlier and depicted by FIG 1, generally
COMPPRAHOR Ils}ﬁh\*ﬁl%m on tenperatures lead to | ower
nol ecul ar wei ght of the resultant polyner. The | ower

(0P ¢ DR Txing Sihin e SRRFOT bt ARG TR Al (S pe effects of
m9fe<a tYeetd?tr asﬁb %ﬁfk pf stur@Cl émnéééc hnay oot gh¥lhsed by

sta I ng, etc or exanpl e, since of ten

mbﬁda}ﬂi@ &Mléﬁgth/@h@étdfof&w |oﬁr stiveed) sk ard¢tors, hfeglieing - stirring
melting points are desired, glmpol yrrerlzatlon
pawer ef stinresks tanko Feactorsy @r@eém@ ifech epixiy g@wgactor zones
er at ur

th%&lfgf;}esﬁ eg‘ tgsg %m%wgn%lpégqﬂq%gech%oﬁoqﬁ SO as to restrict
c \(f‘%bﬂblfﬂéim ¢ Wsa?bﬂg Q! YR bF ahb OfbalfIFP Sl %Bﬁﬁnnémgls of these

ower action tenperature are determ
techsiquey, the desired polymer properties. Lower
tenperat ures generally favor higher crystallinity and
hi gher nol ecul ar wei ght (for an exanple, see again
[0Pb 2)As Roentidreedi eacliers ethdhalepgetedoby FaGy iy i gateraly higher
processes, the lower lLimts of reaction terrpe{1 at r%
poéy@eauzgeoweﬁemnﬁrw@ae%%%éo slowe- maleehlanaugght of the resultant

P P SRR s VR DA TE L A€ e

=314 Sy g Bt pr{ QU ot rocss s,
suchedst catglyst stability, fouling, etc. For example, since often polymers with
higher molecular weights and/or higher melting points are desired, high
polymerization temperatures (>250°C) are generally not advantageous. Increased
temperatures can also degrade most known catalytic systems, providing another
reason for avoiding excessive polymerization temperatures. The lower limits of
reaction temperature are determined also by the desired polymer properties.
Lower temperatures generally favor higher crystallinity and higher molecular
weight (for an example, see again FIG. 2). For the disclosed homogeneous
polymerization processes, the lower limits of reaction temperature are also

determined by the solid-fluid phase transition temperature. Running the reactors

below the solid-fluid phase transition temperature of the reaction mixture may



peak tenperatures >150C) in bul k honbgeneous

supercritical polynerization processes, the m nimum
WO@p@pali7ag t enperature i s abo 95-1000C. | n tPET/US2009/003117

production of |ower nelting ‘gol'ynmers and copol yners,

such as lowcrystallinity polypropyl ene,

et hyl ene- propyl ene and et hyl ene- (hexene-1) copol yners,

lead g0ifbuliaat [For ltherod@aitnosf highbe caistdltiae pdlgprop9d€s (melting
800C, 70%% 6Q)C§\@g(})_c or even |lower, may be readily |
peske teraperatures olfi0°6Y. inFbulk Aomagsneeis sypensaisisahtpolymerization

DR FEEIATE, LR BT 10 e

ot O R B SRS A8 v

pdlppropIered)9- Etllﬁfﬂ?eﬁw?fdﬁ)ﬂlél{é I e@ide etlyleh@Békendsl)  copolymers,
er,

di scussed ear he "substanti al presence of inert
significently laso reectos tempieratitest kez. pPOUC,cB0MEI #2%6,a60°C, 50°C or
wei ght and often the nelting peak tenperature. It also .
eyencloaes eBayr b tradilynusedswithoet taylinge apgeopgmig sfandpoint,

andling. Al. the current, state of .t:he f [
reggf ro?mflgﬁtlw tctﬁn'g)leﬁ%ﬂ,l%e_ dnay, n(%t lgcf )pﬁtlénﬁ, S?ljl(,eef I8wer reactor
teﬁ‘?e)‘é‘fﬁfé Aitré 485 (CBORA %@f.eTh@l&g}Sﬁcé’tWGf ceFtamPRER solvents may
25Q0C, or above 2000C, or above 1800C are not

furtheo redutethe RERiml operatdor tomgeratmte of thid foydireséree operation
di scl osure, the disclosed processes far producing_
reggngneltkough; raspdisewssed earbiete dhe snbslental prasenes Biitner solvents

I n.a econtinuous honogeneou | yneri,zati on stem are.
alid Pad 40 SRR o Yoy BTt MRt emCand i e fkfine peak
teRipetdthrd. ar [tY als® iMQEARS: pfoduRfBnOost 8hd ItoCthd died for solvent
reactor wwth one or nore feed entry ports may be fed
hatdlingon&t die omrent statet of tHeesrd of toleffmpolymeridatigi with single-site
one or nore nonomers; 2) one or nore catalyst systens;
cagylystst pehunenzatisy temperatiray abgee s3SUE, @t abnysl 2806, 0pr above
e di]uen sol vents: and 5) conbi nations
2@@ 85?{?0\'%&%%(8:;1“&%“6880@?“ ‘feed entry ports. The
one or nore nononers may be chosen from et hyl ene, :
yl b e SPT
109528 1 Ine D03 e SE RS praEhERRRIosRE B disclosed processes
for epRAIuRINE SIIPeRe WiIRVBrdadenéd®! m@tdduldrd weight distribution in a
phase-transition tenperature of the polynerization
caymuens dronaggreess paynmerizatien gylstem 1@eMrhieved utilizing reactor
temperature gradients. More particularly, a tubular, a loop or a stirred tank reactor
with one or more feed entry ports may be fed with one or more reactor feed
streams including: 1) one or more monomers; 2) one or more catalyst systems; 3)
optional one or more scavengers; 4) optional one or more diluents or solvents; and
5) combinations thereof, through the one or more feed entry ports. The one or
more monomers may be chosen from ethylene, propylene, butenes, hexenes,

octenes, decenes, dodecenes and combinations thereof.

[0063] The reactor temperature may be above the solid-fluid phase-transition
temperature of the polymerization system and a pressure no lower than 10 MPa,

or 1 MPa, or 0.1 MPa, or 0.01 MPa below the cloud point pressure of the



or 1 MPa, or 0.1 MPa, or 0.01 MPa bel ow t he cl oud
poi nt pressure of thepolynerization system and |ess

W0 b@n/14500 MPa, or |ess than 2%00 MPa, or | ess PCEOSZOD003117
MPa, or less than 70 MPa, ess than 50 MPa and the
pol ymeri zation systemin the reactor is in its dense
fluid state. The pol ynerizati on systemincludes one or

poheerianonsysteraayd tédsubai 1600 MPyecortleps marRQ0 kBa, or less than
scavenger present, and the polyner product. The one or

10@MPa; ardesssthas 79 \ie, pn bass dearbpe MPa aad hepelympesization system
rﬁﬁt%frgﬁgq%@s ugﬁ cf;:ps%&[lﬁd %gaﬁtgl 5@] éltgb\&%{zgl 101%%(5%]% uaﬁ;ludes one
&?cg,?d.ﬂnohﬁtrggﬂpgﬁt& HFer Shtf LM ggtpgeas?t and the

ocene centere

pblgmq:réaﬁ@ﬂ YBhé ond o rh@ieeczttﬁ@lﬁﬁ bydters ﬁﬁél&ﬂe Q)alte&irylﬁbﬁe catalyst
064] The pol ymerization systemfornmed in the reactor

plrenutscndsasorw bonuye reatalystt activatous) wné roptioneHEr one sor unere catalyst
with a i ci ent ten‘perafyure gradlent to, form.a

SURROpe slﬁwoaaaormcneacea SHATESHIS RIS RS, Cheseghirom metallocene
. . . ¢ |

e 550 R AP DREp BERSFgI, Fefiy PR QUGS and tace

trg,egmgﬁﬁtétmecﬁg?glﬂsent Is defined as the temperature in
the first reacfor zone (for baffled reactors) or at 5%

of the reactor length (for reactors w thout baffles)

[0064Ys tTie t polyaicaizationi rsysteanr dformed ah tthe reatodor includes a

exit port. The tenperature in the first reactor zone

hempgenrgouse fuid aedpner-nopnomers gmituich evithaa t BHTickamgt meerature
and a the react or.

et fayob Ak PR ebBir & heeMlerniicEERE hideRt distibution
th%ﬁ dth&%lh@ﬂotﬁ?d fhve &P Bﬁﬁhﬁgd aﬁgéntriﬁé rédctdd feth pd ?JIC éradient.

er rmcoup es protrudl n e reactor at s

Theeéhpersurel gfadisngds siuthRUSas T tedipdraturd Gnlthel filst weddtor zone
of the reactor at the specified |ocations, or

(foo bbfftest reantass) ehat hte ofi pheescaster kengihatfed r@@t@l@rwnhput baffles)
one formof this.e erature

ARG RN Bt RarepLian: & e HapCRE Extgiorh dhdemperature in
the DAt %%gcg’or on%r gcgiogﬁfﬁrﬁ{}lia?eaﬁqgrg o?rat%‘?ato?rthteh?é&cﬁﬁogngth for

or greate ecular wei ght

rede®irs I Withb@n bﬁﬁﬂé@a&@d efl e %&Mﬁr thx1t ﬁfbrthafyTElﬁe measured by
product may be greater t han 2. 3, greater than 3.0,

teohmgueatlmowmatn thwe ekillgdein ehetaran inclodingorbuti ot |lnglted to,
th%i‘(nelo (l)l?prlgs Brot}furg‘tng Fﬁlgod ﬁlcet ?eaICP(;:rl alftds%em 1eyd0 f a%lllor?sn infrared sensors
mounted in the inside wall of the reactor at the specified locations, or a
combination of thermocouples and infrared sensors. In one form of this
embodiment, the temperature gradient within the reactor is greater than 15°C, or
greater than 35°C, or greater than 50°C, or greater than 65°C, or greater than 90°C.
The molecular weight distribution as measured by Mw/Mn of the polymer product
may be greater than 2.3, or greater than 3.0, or greater than 4.0, or greater than
5.0. Non-limiting exemplary polymer products include polypropylene
homopolymers, ethylene-propylene copolymers, propylene-(butene-1)

copolymers, or ethylene-propylene-butene-1 terpolymers.



honopol yners, et hyl ene-propyl ene copol yners,
propyl ene- (butene-1) copol yners, or
w@elvyiieatae pr opyl ene- but ene- 1 terpol ynmers. [ 006B(T/T&2909/003117
tenperature gradient in t he “rPe4ct or may be produced
via cooling one or nore of the reactor feed streans
prior to entering the reactor. and restricting the
[0065] NQ e teinfpdrhrure eradient & theredotobaidy 88,produtad via cooling
reduced stirring power, or by increased (>5, or >10 o
orur omdre of thesgzactor feadsireamaprior to enterimgcthareacser and restricting
ratj Qs. Alterpative erature adi.ent .in the

ly,..the te
th JEEYBE Wity 58S FrASIRICINGS Y WULES QA FRICH SHFTing pewer, or by
. I r..and/ e c thr ; i
oGERRAT GR SR DS ~PYCDP 2R, )t Bk erer .
AltBfHativelyTahe tt@m?é%iﬁfeegrddialtaincmfd%@fdr%a?fbec?ﬂidu&d via heat
one or rnore of the reactor feed streams prior to
exchiange vwjthinethe ezector .andogeidat laxchangh ¢hrobighrthofreattos walls. In

reactor_ tenperature gradi ent enbodi nent, a conbinatio .
adghitipniBe atermRreraiie r SRR o %rre%%emlayagpopro&uce via a

c B ThUBFAERL SIS ik 56 Sk Bt 16 encring
thRreadsf. mol ecul ar wei ght distribution (also referred

to herein as a conbi ned reactor tenperature gradient /
react or polymer concentration gradi ent enbodi ment). As

[0866)\" IR drddther3 fornm cofedss gadton aeRIpeeatome igsadiont @nbodiment, a
thus increasing polynmer concentration, correlates with
cambinatidn WA tempeeatpre and ueagtby potymaer eenaentratiay gradichtsy may be

B TR 1 RN LSRR PellBachid Bomor procuc
wggl M”ﬁ}oaﬁ‘af‘cﬁ%ﬁé érogvelqgﬁtdi(ﬁﬁ}ib‘ﬁ‘.(ibﬂi galg@ererf&?@ % Perein as a
wt % or nor e. e pol'yner concentration gradient Is

coigbinea dreastok hempetatiy gehi@nt feict@pdlynidiecdreatration gradient
effl uent m nus the pol ymer concentration in the first :

embedinumty ores shown BOFI6. thdnecrasing mosomer cwessioraand thus

ingfsas PG ;ﬁ@sn@g;z@%@mm;féw s Riltho redicsd “Mw.  More
f 0 . 1 . .
oo REE0ES. ok AL DRSS GRSl e T By RE back i

ofCtHes Pétynﬁé}iieﬂfbnr e ih e réfdtor @8cdredte AMgdipmkr concentration
baffles, and in the reactor effluent nay be neasured

gragieneohithpudlse keastor tof 20 08t0s ki Ithext. i nlhdgodymer concentration
griagicelnltJ ?sl Hgﬁneb tas ?l?et plc)iyrrr]ﬁct:regorltc%htration in the reactor effluent minus the
polymer concentration in the first reactor zone or at 5% of the reactor length
downstream of the feed entry port closest to the reactor head. The polymer
concentration gradient in the first reactor zone for baffled reactors, or at 5% of the
reactor length downstream of the feed entry port closest to the reactor head for
reactors without baffles, and in the reactor effluent may be measured by
techniques known to those skilled in the art, including, but not limited to,
sampling the reactors contents (via sampling ports) at the specified locations. The
polymer concentration can be determined, for example, by first evaporating the

monomer and solvent and then weighing the polymer. In some instances the



sanpling the reactors contents (via sanpling ports) at
the specified | ocations. The pol yner concentration can
wheoodassii ned, for exanpl e, first evapor atPEmyUs19e9/003117
nononer and sol vent and then “wei ghing the polyner. In
some instances thepolynmer is crystalline and drops out
fromthe polynerization system upon cooling. The
pelohi¢enis @pghtalbinenaid cdvopbeothdromi th polwearizatiororsystem upon
filtered, dried and wei ghed. The nononer concentration

canlimge hipo solvienharnd manwnien embh tenmsimpy deeaetagios filired, dried

ar]%ﬂ&r oﬁgnﬂ'}egigtr ﬁgxggmpggg‘lseg (ﬂaqnpdﬁgpsl’:r nt]écler? [gn%lec . lftel(s)n %ra% l\)/\éeldletermined
r i viel t 0 rat h Qa._ep.adi .

o) ! SR Yo ol B PR Al ines o wel

kW€ in e a1 ofp¥hydheri@itio>n. of 40 Wt % or nore. [0068] The
pol ymer concentration gradient within the reactor may

be formed by a suitable nmeans for mnim zing
[006TK - miAdtergatdfelppithergrolymac t concentratéori . gradentesibinf the reactor
. mnim zing back-m xi ng of polyner reactor content
mameu%ﬁsyvtgfapr |r@@reaﬁg|33dw% PMBIOBGHePTaPd WioWr dnpkg tardty wt% or

of the dense fluid polynerization systemw thin the
MPEictor (for exanple, but not linited to,

per pendi cul ar baffles or any conical collar-shaped

[Ogﬂ)ﬁj LST%lgt olgh&?tc%%céﬁﬁ‘gt}&{ Eﬁ%{lﬁ@tﬂitﬂh ‘E}‘F?sgérdc?&e&ay be formed

he Zone means

by"a BiitaBle HhediClor Thivimizifs bAckyHing 689bB/meOf¥aeiir content. One
i ncl udes increased | ength/dianeter to reduce m xi ng

mearen fprt enimgizing baelk-ingixing) of yuilymeb adactencontanhdncludes baffles
| engt h/ di anet e f the reactqr adyantageously is. .

ar@??égtt‘értg? r%YPTBfl ﬁ?Wgags@téqn tq%a‘ili‘el -NS§y EP‘J;QP mepz3{ion system
15. r a :

vl ARS8 300 W R Boclfhe baes or any

confaft ¢SlMrzPaped Nsdflidethar Gk nRhatr 2dnddalfitie yearigte’ld mixing

with respect to the overall flow direction of the
betiense the Liaheppl yApotheatmoans Yo emmwnizing back-medagoof polymer
and a | en t,h/fliqaérre,ter of thegti]?(gctor of grésater than
reactop cogtedi ¢ Beludes ningreasgd Ign pmetnto sedyse grgHigeplong the
or {gr r . [ Q06 Thi ompi n
re%éelggt )?Pst errrglgr E?{ar eeéﬁ%gfég ts, &lgag%'%t%%ﬁ@%g% O%d the reactor
advanGeBbHAY 119 BréHt&diRRL 5, SFadhiR thar TR, & SRaRirafELa 5, o t
pol y%er p?od%ct s with a : et T greater
than 50, or greater than 100. Yet another means for minimizing back-mixing of
the reaction zone includes a combination of baffles angled with respect to the
overall flow direction of the dense fluid polymerization system within the reactor
and a length/diameter of the reactor of greater than 5, or greater than 10, or greater

than 15, or greater than 50, or greater than 100.

[0069] This combined reactor temperature gradient / reactor polymer
concentration gradient embodiment may also produce polymer products with a
molecular weight distribution as measured by Mw/Mn of greater than 2.3, or

greater than 3.0, or greater than 4.0, or greater than 5.0.



nol ecul ar wei ght distribution as neasured by Mwv Mh of

greater than 2.3, or greater than 3.0, or greater than
wWa2®9/1273@r eat er than 5. 0. [00707] I n anot her f oP@T/G$2009/003117

this reactor tenperature gra'd% ent enbodi nent, a

nmonomer concentration gradi ent may al so be created

within the reactor to further facilitate the formation

[(1!170’i pdhyamsther doing tofMiliib eaboo adarperatues @radiene iegitiodiment, a
and/ or conposition distribution (also referred to
miospaien cancenteatity gradiensavay lsoebg ereatas witgimheerractor to further

AR e D AbRe S Blodheh Sl bl Smifufl weiah
aft/b fcggp%gﬁm dERRKEiSh msveﬁpg{fg%d "BNRGBREN MRKE dOIAREd reactor

restri e m X1 ng meri zati on systemin

tehijRrat@ee okl AON thdhom@&adenddagativhgdadiear embdddmenar). One way
way to produce a nononer concentration gradient in

of gemersitnigomonaemen coneppiration egrpdigfitein toi sllewata darge enough

| east, one of the nononers y be fed to the reactor. at
CRIVELHER r dWERqUl e dnRpemET pHﬁrPear%P a?nq?eé%qttrlﬁ'h et[th Hapxigg of the

PSRBTS0 i G930 BT IRE® At
w{agteﬁiu it ghes PTmORORR’ SonkMtlaBiohnerddast 9h EdmBUIHion with a

ream feed entry port nmay b€ | ess than the
tetpierhture goadienf, isothatret dedstdoneo of the rmanborers maudie fed to the

the upstreamfeed entry port and the one or npre
regeton ot pBApSHeam fead eptiyqarart and gt leagt o Qther ipd the monomers may

concentration of at |east agne no I n
o IRt 136 R85 0%, & onf TR (Ra (O EalT b iy o More
pHakhlafe, HRAGHATMRADE! o OHLHBMESS FRPIH Bk rEAQof AR6LSR the upstream
ength’fromthe upstreamfeed entry port of a
faedfdnitsf part maabe dessnthyn lthe adtal aantbed%f monaretsefedtto the reactor
10% or at |least 30% or at |east 40% or at |east
thsough the wpstreass feeshentry posk and: th ooy mpregownsikpam feed entry

BB S G R0 Sh e S SRRk, i
p%l&ﬁ{ae?@taﬁgnt ; téfﬂeinofhé“ffrﬁteij@éw L6REN 8 baBhbd HehQbE Sor at 5%

exit port of t reactor. The nononer

dewnsiegini aifi the rgaeor ¢evigth nfroinethiei upsstreaandécl emtonoroof a baffle-
baffled reactors, or at 5% of the reactor | ength from
freq scaghen mazrhef atel¢astnt Yoy opat deast 18%parfatdeast 8% carctloleast 40%,

oS 05 8 s 6085 S LR 5P SO0 B5 4 g 90%
RGO F5S #ROWBnddhtration of the same at least one monomer in the
polymerization system at the one or more downstream feed entry ports or at the
exit port of the reactor. The monomer concentration gradient in the first reactor
zone for baffled reactors, or at 5% of the reactor length from the upstream feed
entry port of a baffle-free reactor , and at the one or more downstream feed entry
ports and at the exit port of the reactor may be measured by techniques known to
those skilled in the art, including, but not limited to, sampling the reactors
contents (via sampling ports) at the specified locations and then determining the
monomer concentration before or after separating the polymeric product by, for

example, gas chromatography. This combination of reactor configuration and



those skilled in the art, including, but not limted
to, sanpling the reactors contents (via sanpling

w@erba)27at t he specified | ocatjons and then deP@r/msr09gp3117
the nonomer concentration befddre or after separ ati ng
the pol yneric product by, for exanple, gas
chromat ography. This conbi nation of reactor

re@ O | @At o n#ydbe -utflERAt @ obRilial myhdni@Ycdicentration gradient
utilized to obtain a nonomer concentration tgradi ent

withirhitie réactor adtiler alshi fagilihidng ftheiformatiompft agopolymer product

formati on of a copol yner product withh a broader
withi R BERaer Ve GREIR A ER LA, Vi e BAST AR G teperature
rtg Zrature gradient. [0071] This conbi ned reactor
glg p%"r ature gradi ent / nononer concentration gradi ent

enbodi nrent may al so produce pol yner products with a

[009 hgf u |ﬂ{i%‘;tﬁ)hg5.lf§’e&j irg4dtbP lt‘érh?@raﬁ?re”%é% ®Y RonMMeMedicentration

greater t or greatet than 3.0, or greater than

gradint emtwdimeat magans®pfbduic® poBymenpyriucenwither mobecular weight
of this conbined reactor tenperature gradient /

diswitarion asmeeasurest by Myv/din ehtgreaisodhamegdi3, or gwatgrythan 3.0, or
conposi tion di spersjion y also be created within the
gr,e@f?glt n?@,p{“g{ ?rt#’gl?iﬁt ate the formation of a
pol ymer product with a broader nol ecul ar wei ght

[oﬁggir | Byt {_ééég%lécﬂbélo £5ith & Olf grﬁ§ tc?)nliﬁh‘eaa Nedctof t%ﬁ){ﬁtégz{}lﬁgen gradient /

tort ature gra nononer conce

mBhafice WontekRatidry BradienPembbiiifiest, APE4taly8h composition dispersion
enbodi nent). Thi s "enbodi nent conbi nes the potenti al

mady f £leo ebec ercaited ithipr theurdactor| c Giherwioglitase slmel formation of a

conpositions gbtained with different catalysts at
PalYSF vRreuF BN adiroaderamalesmanarghindistapian Galso referred to

t enperat ure and .monoper . concentragion gradj .. B .
nosPRgR e compBte ! BARRG HlakiShlrk blafial 7 dbSfihay Roncentration
gra@EAR O/l aaly St CORGIOLIRIS ASpdriRnC LAIHiARNEON This embodiment

stereoregul ar (isotactic or syndiotactic) rononmers in
cdmieinps| yrerpatbatials .differgmcesiuire thec praducst noclepuar t weights and

di spersion, at |east gne of the catal yst systens nay ..
casepesions obkained F¥itly differeny Gagalystsah Pihervisst idgnieali conditions

he ;reactor and at |east one of th at al yst
wif b HeleRRST Himpagnfl ACRbadRRs font SRR Alcpts. By product
. a r » .
ccglgfé\ékﬁflgﬁ,’ ’&{e‘;]gfe?gt ate %%ﬁn@ggﬁrﬁg?fl $theomeR6hRErs ihcopolymers or the
concentration of stereoregular (isotactic or syndiotactic) monomers in the polymer
chains. To produce a catalyst composition dispersion, at least one of the catalyst
systems may be fed to the reactor at an upstream feed entry port of the reactor and
at least one of the catalyst systems may be fed to the reactor at one or more
downstream feed entry ports of the reactor. In addition, the total number of
catalyst precursors or catalyst activators of the catalyst system in the reactor at the
upstream feed entry port may be less than the total number of catalyst precursors
or catalyst activators of the catalyst system in the reactor at the one or more
downstream feed entry ports, and the concentration of at least one catalyst
precursor or one catalyst activator component of the catalyst system in the first

reactor zone in a baffled reactor or at 5% downstream of the reactor length in a



catal yst precursors or catalyst activators of the
catal yst systemin the reactor at the upstreamfeed
wW@piopAt43ert may be | ess than the total number BET/US2009/003117
catal yst precursors or catalyst activators of the
catal yst systemin the reactor at the one or nore
downstream feed entry ports, and the concentration of
bafflel Bestreactor Crbml Yisd upsarenins feedentryepoat shotdtl be at least 5%
activator conponent of the catalyst systemin the
dliffetrent fremctherconsaatration obshe bamme @éé‘tﬂsb pne rcaa’tlyst%recursor or one
vvnstream of the rea

caft%laét ARG aHBoRR T A PGl S Py HhE DGt o dagnstream
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or more downstream f eed entry ports. The catal yst
ot a bpffi¢-fiesreactopearsl ainthierorteher mors dommatream feedeentigr ports, may
baffl ed reactaors, or at 5% of the r ctor l ength from

bg meagpead by fe¢haugues kpgwpdior these skilgds mnethe ag, a%le@r@e, but not

5. MDeTRE M, e IR AT BB lbE &Rl bF e specified

10cRtiéM@nd then dREIrHEhRG theUdorRehtrhiion LEGt 1&ast %@ma'tzﬂgst precursor
the reactors contents (via a sanpling port) at

ors pec ichtatykt| antpatamcamgohérnofi dicecatahish gystem by nuclear magnetic
concentration of at |east one catalyst precursor or
reéﬁléan,c&t QYY) apelysia: o Wokh¥rdsiblospedieoseapy gt Spectroscopic
st em by ear resonance
BRTASS Ton AL e PRFOFBER T slin i SRR SRt PLERGYAToR Toops or by
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OS5 £30 £ B L, Y T s
caltﬂyt;th@orﬁiehtraﬁoﬁrgahaltehtsaireotypmaﬁyrqontﬂoﬂleafhw:@htb@llabh&dering of
that catal yst concentration gradients are typically
the sratalpst tegd wplutbon pb knewmeeraentrgtion toHbe gaacetpy ot specéﬁed feed
| ution of known concentration to the reactor at
%rgseci fied feed ports. [0073] This conbi nati on of
reactor configuration and reactor conditions may be

[059{311' zqq]hg Qofifdi tf‘o LN Shr %8{]3&?#&0?{” ma?@a%rt&l ?gnditions may

ereac ofac Ita fon o

b @i NFRY to%&aﬁpéatmytsh campbmrdlgpér@w withiteihgeadiod1® Facilitate
conmposition distribution. [0074] Alternatively, in

the ofarimagionhef catpelyser quopedti withn adbsydesimoleantari weighé and/or
reactor, f{ he concentration of at |east one catal yst

cOIRRRsIeR AItHbYRN c at al yst

[0074]  Alternatively, in forming the catalyst composition dispersion within the
reactor, the concentration of at least one catalyst precursor or one catalyst
activator component of the catalyst system in the first reactor zone of a baffled
reactor or at 5% downstream of the reactor length from the upstream feed entry
port of a baffle-free reactor may be at least 10%, or at least 20%, or at least 30%,
or at least 40%, or at least 50%, or at least 60%, or at least 70%, or at least 80%,
or at least 90% different from the concentration of the same at least one catalyst

precursor or one catalyst activator component of the catalyst system at the one or

more downstream feed entry ports.



activator conponent of the catalyst systemin the
first reactor zone of a baffled reactor or at 5%
waeomn3sa7eéam of the reactor length fromthe upseCEES2009/003117
feed entry port of a baffle-T+¥€e reactor nay be at
| east 10% or at |east 20% or at |east 30% or at
| east 40% or at |east 50% or at |east 60% or at
[00Fa$t 70%s combihed &ééétoﬁ@%gefat@fe bedsént 90fmosiohfesr eoticentration
fromthe concentration of the sane at |east one
gmdieiitymtqéyﬁmmsimn dispersion lepxhodiment, mayralse pprshisgtpolymer
of the c stem.at .the one or nore r egm
PradugISCyith B@?@F wesghtdisit Romerued G VWA of greater
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concentration gradient, a reactor polymer concentration gradient and a catalyst

composition dispersion using the methods described above.

Reactor Polymer Concentration Gradient Embodiments

[0079] In another embodiment of the present disclosure, the disclosed

processes utilize a polymer concentration gradient in a single continuous reactor
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[0081] The polymerization system formed in the reactor includes a
homogeneous fluid phase polymer-monomer mixture, with a sufficient polymer
concentration gradient to form a polymer product with a broader molecular weight
distribution than otherwise would have been producéd absent the reactor polymer
concentration gradient. The polymer concentration gradient is defined as the
polymer concentration in the reactor effluent minus the polymer concentration in
the first reactor zone in a baffled reactor or at 5% of the reactor length
downstream of the feed entry port closest to the reactor head in a baffle-free

reactor. The polymer concentration gradient in the first reactor zone for baffled
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another means for minimizing back-mixing of polymer reactor content may
include both baffles angled with respect to the overall flow direction of the dense
fluid polymerization system within the reactor and an L/D of the reactor of greater
than 5, or greater than 10, or greater than 15, or greater than 50, or greater than

100.

[0083] In another form of this reactor polymer concentration gradient
embodiment, a monomer concentration gradient may also be created within the

reactor to further facilitate the formation of a polymer product with a broader
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facilitate the formation of a polymer product with a broader molecular weight

and/or composition distribution.

Monomer Concentration Gradient Embodiments

[0084] The effect of monomer conversion on the molecular weight of the
resultant polymer for a propylene monomer in a homogeneous supercritical
polymerization process is depicted in FIG. 3. FIG. 3 shows that increasing
conversion reduces the polymer molecular weight.  Therefore, monomer

conversion may be constrained by the desire to increase the molecular weight of
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[0086] The reactor temperature may be above the solid-fluid phase-transition
temperature of the polymerization system and a pressure no lower than 10 MPa,
or 1 MPa, or 0.1 MPa, or 0.01 MPa below the cloud point pressure of the
polymerization system and less than 1500 MPa, or less than 200 MPa, or less than
100 MPa, or less than 70 MPa, or less than 50 MPa and also the polymerization
system in the reactor is in its dense fluid state. The polymerization system
includes one or more monomers, any diluent or solvent present, any scavenger

present, and the polymer product. The one or more catalyst systems include one
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may be less than the total number of monomers fed to the reactor through the
upstream feed entry port and the one or more downstream feed entry ports. In
addition, the concentration of at least one monomer in the polymerization system
in the first reactor zone in a baffled reactor or at 5% downstream of the reactor
length from the upstream feed entry port of a baffle-free reactor may be at least
5%, or at least 10%, or at least 20%, or at least 30%, or at least 40%, or at least
50%, or at least 60%, or at least 70%, or at least 80%, or at least 90% different
from the concentration of the same at least one monomer in the polymerization
system at the one or more downstream feed entry ports or at the exit port. The
monomer concentration gradient in the first reactor zone for baffled reactors, or at

5% of the reactor length from the upstream feed entry port of a baffle-free reactor,
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conposition distribution.” [0089] In yet another form
catdlysthsysteromonay beofedetot that icaetog ras dinewpsteabo deede antry port of the

cat al yst conposition dispersion may al so. be created
reqFioR RO de7sh R8¢ G the CALAYS: Sy SIS May dicclede the FraatpbAt one or

o Ao PSR PETHEY A o ARGF R GO AL namber of
ca'ﬂiﬂ{y?ﬂ Pre@rsdrLOFPAtARGE BOMATBEs GOMheatd1Rdt 9Rtedh dtltiRNEeattor at the
catal'yst conposition di spersion enbodinent). To
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one of the catalyst systens may be fed to i‘he react or
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precursor or one catalyst activator component of the catalyst system in the first

reactor zone of a baffled reactor or at 5% downstream of the reactor length from
the upstream feed entry port of a baffle-free reactor should be at least 5%, or at
least 10%, or at least 20%, or at least 30%, or at least 40%, or at least 50%, or at
least 60%, or at least 70%, or at least 80%, or at least 90% different from the
concentration of the same at least one catalyst precursor or one catalyst activator
component of the catalyst system at the one or more downstream feed entry ports.

This combination of reactor configuration and reactor conditions may be utilized
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the reactor head of a baffle-free reactor.

[0092] The polymer concentration gradient within the reactor may be formed
by a suitable means for minimizing back-mixing of polymer reactor content. One
means for minimizing back-mixing of polymer reactor content includes baffles
angled (for example, perpendicular) with respect to the overall flow direction of
the dense fluid polymerization system within the reactor. Another means for
minimizing back-mixing of polymer reactor content includes a length/diameter of
the reactor of greater than 5, or greater than 10, or greater than 15, or greater than

50, or greater than 100. Yet another means for minimizing back-mixing of
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eallarr wenght distribition @5t measuraé bys MyyMiyy ehtareatendhan 2.3, or

ter than,100. ,Yet another ans for
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i ncl udes a conbi nati on of baffl es angled with respect
to the overall flow direction of the dense fluid
CanilysreTdrapddition TYisp&Rrion Embodinteats eact or and a
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greater than 10, or greater than 15, or greater than
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concentrati.on gradl ent act or p0| yner concent ation
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Conposition D sper st on Enbodi ments [0094] In anot her

petehtial digferemdestihehe pesdudt mokchbxs weghtshmdocampesitions obtained
utilize catalyst conposition dispersion for producing
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enc s In the duct wei g and
pmn’plmslyt laaabulabt alovgdor a stirred tank reactor with one or more feed entry

ports may be fed with one or more reactor feed streams including: 1) one or more
monomers; 2) one or more catalyst systems; 3) optional one or more scavengers,
4) optional one or more diluents or solvents; and 5) combinations thereof, through
the one or more feed entry ports. The one or more monomers may be chosen
from ethylene, propylene, butenes, hexenes, octenes, decenes, dodecenes and

combinations thereof.

[0095] The reactor temperature may be above the solid-fluid phase-transition
temperature of the polymerization system and a pressure no lower than 10 MPa,

or 1 MPa, or 0.1 MPa, or 0.01 MPa below the cloud point pressure of the
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catal yst conposition dispersion. The nodl ecul ar wei ght
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[0097] To produce catalyst composition dispersion, at least one of the catalyst

systems may be fed to the reactor at an upstream feed entry port of the reactor and
at least one of the catalyst systems may be fed to the reactor at one or more
downstream feed entry ports of the reactor. In addition the total number of
catalyst precursors or catalyst activators of the catalyst system in the reactor at the
upstream feed entry port should be less than the total number of catalyst
precursors or catalyst activators of the catalyst system in the reactor at the one or
more downstream feed entry ports, and the concentration of at least one catalyst
precursor or one catalyst activator component of the catalyst system at 5%
downstream of the reactor length from the upstream feed entry port should be at

least 5%, or at least 10%, or at least 20%, or at least 30%, or at least 40%, or at
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oo \atvisiblgs tor7 other oypegtropeenie mothodsr kagwn e sthega, of analytical
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ctisiisBhr g EOReiAEP! fclfed Aot aRfEadtyy cSftions may
b AMIBENo Bbtdifl€a CRIAYYS LompRRIBrAdidResiOR CwthifihE reactor to
downstream feed entry ports. The catal yst conposition
fadilggter the oforimatioheof iar pdlyneacproduciondtth arbroatiét esblecular weight
reactors, or at 5% of the reactor length fromthe
digfgibutienm f eed entry port of a baffle-free reactor, and
at the one or nore downstreamfeed entry ports may be
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spec ermning

fuBBBE FAdilitité QNe ForhtibRast a Ptdy @Rt Pry@lctPWahUs HBHoa@r molecular
one catal yst activator conponent of the catal yst

weight dintbbutidénwr(alswargftrred NivFhareinUas ai sorbbimedocatakylseicomposition
.spectroscopi ¢ net hods known n the art of analytj cal
dispeasiont vy reaghol PRIYHISTatCoBRefatiih cgigdica nemiadinegt).  More

pa?H&lEﬁ?,C{h%rreggf&qirﬁ£}p frti&Pinclude a means for minimizing back-mixing

of the polymerization system in the reactor to create a polymer concentration
gradient within the reactor of 20 wt% or more, or 25wt % or more, or 30 wt% or
more, or 35 wt% or more, or 40 wt% or more. The polymer concentration
gradient is defined as the polymer concentration in the reactor effluent minus the
polymer concentration in the first zone of a baffled reactor or at 5% of the reactor
length downstream of the feed entry port closest to the reactor head of a baffle-

free reactor.
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[00101] Any type of polymerization reactor operating in a continuous

(continuous feed and continuous product removal) or quasi-continuous
(intermittent feed and/or intermittent product removal) mode may be deployed in
the process for producing polymers with broadened molecular weight distribution
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 autoclave reactors (also referred
to as a stirred tank), stirred tank with or without an external loop, tubular reactor,
and loop reactor. An autoclave or stirred tank reactor that operates in a
continuous mode is also referred to in the art of chemical engineering as

continuous stirred tank reactor or CSTR. The reactors may operate adiabatically
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Mﬂiﬂﬂlﬁlbpﬁeedflﬁﬁétlbm Ports, adeshgrated FQ[ mméﬁbeamd@fally used to

catal yst(s) to create nonomer concentration gradients
crasi¢/menementyreentratipogradientscinsijer eatakyst ¢@opogitiop|dispession.
depi cts an exenplary schematic of a stl rred tank

reactor with d zones_and nultip njectio
IOBé%ls Iroteume | AEPOETEGS Of 1A PRI dIGIRURG alhgomultiple fecd

il IR 2RSS R B8 PUSABIE s a monomr
co%lf%gxrlﬁﬁ‘t‘i’orz?’gl‘éﬁ?erﬂ A8bLeR fe irBAQbPaby PREHIS ANWa8H one of the
monomers to the reactor at an upstream feed entry port F1 and feeding at least one
of the monomers to the reactor at one or more downstream feed entry ports F2,
F3, wherein the total number of monomers fed to the reactor through the upstream
feed entry port F1 is less than the total number of monomers fed to the reactor
through the upstream feed entry port F1 and the one or more downstream feed
entry ports F2, F3; and wherein the concentration of at least one monomer in the
polymerization system at 5% downstream of the reactor length from the upstream
feed entry port F1 is at least 5%, or 10%, or 15%, or 20%, or 25%, or 30%, or
40%, or 50%, or 60%, or 70%, or 80%, or 90% different from the concentration of
the same at least one monomer in the polymerization system at the one or more

downstream feed entry ports F2, F3. This monomer concentration gradient



exanpl e, perpendicular) wth respect to the
pol ynmeri zati.on systemflow in the reactor. The reactor
wWekGbneTso E exits fromthe bot4t40m of the stirredr/Usavk9/ 003117
reactor. Miultiple feed injection ports, designated FI,
F2, F3, may be optionally used to create nononer
concentration gradi ents and/or catal yst conposition
a;girémh” B . reb 101 03dy ba usedeo prdthdicrepolynudr irbdupt withret broader
i sclosure, the multiple feed |nject|on ports,
ma@u@famglm dlmbunem thalnl wouldnhg peodused tgthousathe reactor

nononer concentrati ent_thro reac
Mg OREEdans <A S BAS Brasktar - MASEe BB Dh ol Hen STPRGE; gpolecular
f aty, |
@f#h?g teS[lrFm [ omg’ﬂ[%ﬁ{ {rﬁ)gp&r {:e'z:itlt)errqgtgn gﬁgd%ﬂpﬁ 5 ‘rbr 3ERr 3.5, or
4gown4:t5r g eed entry ports F2, F3, wherein the total
number of nononers fed to the reactor t hrough t he
upstream feed entry port F1 is |ess than the total
[0000BEr Adternativeter thef mdltipe tfhed irgecticor portts, alegignabed F1, F2, F3 in
stream feed entry port FI and the ong, or npore
Filguds thenhe sse éﬁwryaqsoat@at@izst eompsHiaph dispersippthrough the
concent g ation o ast nono
reftiog i it Uypoteanfoteat dG ReePmnt SyetRcet anppgpeam feed
r
r|t1§nag§>ﬁ5lg/g Qg‘rtﬁggg/é{ﬁéf 5ﬁg%écg§§2ag %:55‘(() rd%%sé}ohgt rchtsa d@s‘t sgstem to the

redOYr a0obndOYimaere did¥nastvant Boéd entrBPorts &2, 8% fithkfreaetot, wherein
fromthe concentration of the sanme at |east one

theotesate number hef gatalyssr presursons syfscatplyst agivagers eemprising the

C%T%lxé%ﬁ*“%}fl.tléﬁt Grisaronat Y gSfrbdmrerd Th@ie‘fﬁgeoﬂ% than the
toffl ﬁﬁngr&uPﬁgW(@ a&rlﬁsgn%hvﬁogb of the Q A8st system in

nol ecu ar vvel Istribution t be pro uce

theirehetot at fiee baEWrahorddowaktreanciesd featryoporgs #| €3t and wherein
More particularly, the broader nol ecul ar wei ght as

thnemeetrabynwf rah lnrag/t bae g¢a§&11yet précuser. 9r ene xaglysir activator
[ 0010
CoRR &AL VB GRS SHEfEn 3 Ber Bt AN P 126 downstream of

thge‘ré&gf}f‘i&%ﬂ’f'frorﬁ%h? ngir ath! fed %ntrg;a}%o@%lﬁss?ﬂletag’t §<‘/e%‘310%, or

|sper3|o e reacto
13%%, Bfegdo/mrtzg%hﬁs@%cwmo% drest, @xneoqzabalm% @yso%rrbr 90%

at an upstreamfeed entry port F1 of the reactor and
diffeectitfoormtthe cascesnasiant hEthecsanad gleastyene patalyst peccursor or one
catalyst activator component of the catalyst system in reactor zones Z2 and Z3.
This catalyst composition dispersion approach in the reactor may be used to
produce a polymer product with a broader molecular weight distribution than
would be produced without the reactor catalyst composition dispersion. More

particularly, the broader molecular weight as measured by Mw/Mn may be greater

than 2.3, or 2.5, or 3.0, or 3.5, or 4.0, or 4.5, or 5.0.

[00105] Again referring to FIG. 4, the baffles angled (for example,
perpendicular, or conical collar) with respect to the flow direction of the dense
fluid polymerization system within the reactor to create reactor zones Z1, Z2 and

73 may be used to create a polymer concentration gradient of 20 wt% or more, or



reactor at one or nore downstreamfeed entry ports F2,
F3 of the reactor, wherein the total nunber of
W@ 21001192580 precur sors or catal yst activators cop@r/iUSiong003117
the catalyst systemin the réactor at the upstream
feed entry port Fl is less than the total nunber of
catal yst precursors or catalyst activators of the
25 a¥9b YWetmenes tadn3 O witherreed, r 3§ wide crndoee, oro4@ wi% or more
downst r eam f eed entry ports F2, F3; and wherein the
theouglewontrolled bfckamikingstofothe pealyansrizationesystem: ofhe polymer
one catal yst_ .activator corrrﬁ)nent of the

carFSpERNIOR EFACRS FRRTORULERY DS brd (9 pradies BOINEE pegduct with a
f t B £ Lo \

o AR o 00 O =S S i

pA9iter @ondétifratiin gRidiert! NMO¥e particedifly,ahe Hpbad&drm8¥ular weight

of 90% different fromthe concentration of the sane at

ad massured dychivaMs tmay be \greater tharod8, oat2al.yart 3 .8cor dat,or 4.0, or
conmponent of the catal yst systemin reactor zones Z2

4.aner 289. This catal yst conposition dispersion approach
in the reactor nmay be used to produce a pol yner

IGAGRY Pty ol ot oo o St empRtR” eradiens,
nERFRES] SOHAEHSE AN RONRF Sl Bty

cépssidon diferdioh, may b2 Sead Wsibg the stiried tank 4eéctopdepicted in
5.0. [00105] Again referring to FIG 4, the baffles )
FHag| ¢dt¢ f prodacgmpiodymger pmﬁgJCésjl with diroadeneshl melsoular) weight
ct to th ection ense

Aiblsipiom 5 FregaoesBe VN Mt w DSl aB AN MY bl Eréater than
2.%5{3’%@ of STEDr4ls &24.6,36&!% g?z.obe used to create a

i “conédenfrdtion gradié of 20 wt% or nore, or-
- 25 wt%or nore, or 30 % or nore, or 35 wt % or

[me FIGE0S Wi @S afDERhPIaPY SBh&ARliE ! £9tiRaa kafk Xeador with
of the polynerization system The pol yner

baffled e jackatddorzogesdaeht majptipleadhjeation bports et tcocgie ogragkents of
a polymer product with a broader nol ecul ar i/vei ght
tepsratupR aNEPTT RARCARbiati@np el JRenowes am?%ap Ypgr and/or catalyst

b3 PSR o ek, Bk iy, onomer
cc%fcgﬂfrgt;io% .hg.{’acﬁel%s, OboRmier OfonteBtrafibn3- #nd Okathlydt Qomposition
dispersion, and combinations thereof discussed above with respect to FIG. 4 may
also be created using the stirred tank reactor depicted in FIG. S to produce
polymer products with broadened molecular weight distribution as measured by
Mw/Mn. FIG. 5 differs from FIG. 4 in having baffled jacketed zones for reactor
zones Z1, Z2 and Z3 and thus allowing the creation of a controlled temperature
gradient within the reactor. Cooling streams C1, C2, C3 are used to provide the
cooling media to reactor zones Z1, Z2 and Z3, respectively. The baffled jacketed
zones allow for a reactor temperature gradient to be created within the reactor via
heat exchange through the reactor walls. Hence, the reactor temperature gradient
may yield polymer product with different molecular weight and broadened

molecular weight distribution through control of the creation and control of the



[00106] Alternatively, any conbination of a reactor
tenperature gradi ents, nononer concentration

w@e@dile186, pol yner concentrat4!6on, and cat al ysPCT/US2009/003117
conposition dispersion nay be created using the
stirred tank reactor depicted in FIG 4 to produce
pol ymer products with broadened nol ecul ar wei ght

tefH per4tuBe ek adients ineas watorby Sl 1bh effebe freiynbe iehiduelitby placing
may be greater than 2.3, or 2.5, or 3.0, or 3.5 or .

heat@&xchangerssurfaces, for gxonplr] covlmg soispirctubenbundles within the
exenpl ary schematic of a stirred tank reactor wt.h iy

reB &R CLhiS AEBVGHE Jomobe IR0 A0ICTFHP & ISIREIgR eFedifat pthin the

t ' S t '
ref e e Reh A1 1 o RREAEH i 0L, e PREE T or greater

thdh STRCS i dingredtte theRGPC, ogngreart Uhen G08C] eftgreatePiared 5°C, or
concentration gradients, polyner concentration, and

greatealthyat 50%Npursgreaten this@@iGicrgreatad thaon®i °6a o gneater than 70°C,

t her eof di scussed above wt spect to FI G
orgE3tgethan oL b Ofj TRR ﬁléarsgpéﬁiegr Exsaien iy $°C] OF greater than

o e .
o0 Sl AT B ARUE PP UER! BRIMEES Yol produc
wWiW MroadkBmdteélilhf VeseHt! AStrfBuBonthhA et k& without the

| acketed zones for reactor zones Zl, Z2 and Z3 and
reabiles tempevdto gradicntedbomparticalarbntthelbrealddremplecatanneeight as
gradient within the reactor. Cooling streans C_,_C2,
measuied bysy/Min prayy belaraaier han i hoPtnddi ar 84 PEdet.gir 4.0, or 4.5,
zgges Zl, Z2 and Z3, respectively. The baffled
OfF XCket ed zones allow for a reactor tenperature
gradient to be created within the reactor via heat

h : .
BIBRET IR o oSBT o b gagator vt

jadkétear epdling! iiﬁidsafanwehﬁﬂtiﬂwldn}ébﬁ@ﬂePﬁﬁs ) egedter gradients of
wei ght distribution through control of the creation

teanpbratont rasid/of coheentraticandr aramosnegr audint polymare The reactor
reactor. Simlar effect may be achi eve,

db l aci .
teFRRErO B REMER1Ss MGNRERET, Cqrlsentring SEadi5arS R51UBFT Sopgentration,
O A RO TR B e sov
witBaespct 26 RIE314eind Baflayl 360 Gea@daaiieg thdabu2dGacwk depicted

greater than 25C, or greater than 3Q0C, or greater
int FG.3BCto opragiueat polymninem ptOdEits owithyr davadenedamole@lar weight
digtrribution as measured by Mw/Mn. FIG. 6 differs from FIG. 5 only in being a
tubular reactor as opposed to a stirred tank reactor. FIG. 6 also has baffled
jacketed zones for reactor zones Z1, Z2 and Z3. Cooling streams C1, C2, C3 are
used to provide the cooling media to reactor zones Z1, Z2 and Z3, respectively.
There are three reactor feed streams F1, F2 and F3 at different points along the
length of the reactor. Feed stream F1 enters at one end of the tubular reactor and
reactor effluent E exits at the other end of the tubular reactor. With a tubular
reactor, a polymer concentration gradient may also be created via limited back

mixing of the reactor content. Typically, tubular reactors have higher L/D ratios

than tank reactors and the typical L/D ratio is greater than 50 or greater than 100.



greater than 500C, or greater than 600C, or greater

than 65C, or greater than 700C, or greater than 75C,
weeoogneaser than 8C0C, or greater than 85C, orPQr/es10689/003117
than 900C, or greater than .~ or greater than 1000C

to produce a pol yner product with a broader nol ecul ar

wei ght distribution than woul d be produced w thout the
[00989] Ol”l‘HeﬁPﬁﬁJ”eﬁé e peyddign polyMuere wiah threadeedymotdealar weight

br oader nol ecul ar wei ght as neasured by Mv Mh may be

amgl/ent eomplsition. 3disgibutich  discldsed beredns relates4 10, processes  to

o e SOR0EL L5 S LS PRI b st o
855 AR L 5 40kEH R P, SHECKE AT} 0 i

redeli¥iBieditit EAAPESIngt SRR CHRWOE TR APIRRES inMBNR¥Mfor. In one
concentration gradients, polyner concentration, and

embbdinyait, cberpfbsidt reactionsmedsimnis andtscsupsremticalnstate.  Catalyst
t her eof di scussed above with reipect to FIG s .4 and 5 .
Pregyrsar semposidcaand agtitemmay i delivered as arsobeipr ok glurpy, either

Fl G o.praoduce pol L products wt ro ed .
sepgrieli 1 B PereioR ST i TS St Rk P BeofidRiFver mixed and
ithfed GasdLhf 8EtBvdte@BdThtion roSiu¥ry Ro DigeNEbagtdrUbYhabne particular
P
reactor as opposed to a stirred’tank reactor. FIG 6
erabsdiniat, habf §adtipaslaee adixednasliher Theaotatalygtofieesl day also be
Z2 and Z3. Cooling streams C, C2, C3 are used to i
myxesl, intding hepsisam of thedieactos wishather feasde sompongnisg particularly
ectiyvel There are three reactor feed st

WhR, PSRBTy Tk SOBRPRInt SI ofiy CFSTERGR nagpor inert
s%lﬁ%&%@?lﬁ%ﬁfs: FeRd %&?@3{” fEed &he ﬁfon%ﬂfer%télﬁqﬁ Feeds are

reactor an ctor e uent E exits at

typidatly a0t mixedhapstukith asf tieaatadtor Wbt prevehtipolynerization under
reactor, a polymer concentration gradient may al so be

ungosdrodig dvionditions and/bnék prévenhdowling kausedaky ghe polymer made at
content,, Typically, tubular.reactors have higher L/D
theaYRICal, lOWeEE e Beral WS b, Fatchdorq prtEeAms /45 comnared to the

R DU A58, TR FOY LOBHER i gl rectr

opath&6h| iar whRhOionefifbr Ot o1ei0fBRRES, icatal gited)fdclivhiod(s), scavenger(s),

di scl osed herein relates to processes to polymerize
argl eptioral solweni(s) are addadaenntimgovsly tora single rehetorns

having at | east two carbon atons with a suitable

cat al yst conmpound and an activator in fa fluid . .
[00110] ° Polymerization processes of the process for producing polymers with
broadened molecular weight distribution 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 temperatures may allow the reactor to maintain the fluid
reaction medium in its supercritical condition. Higher pressures may also be
required to maintain liquid-filled reactor conditions in solution polymerization,

i.e., pressures above the bubble point of the liquid polymerization system. Non-



reacti on nedi um conprising one or two fluid phases in
a reactor. In one enbodinent, the fluid reaction
WOore@p#a786 in its supercriti 04 state. Catal ysPCT/US2009/003117
precursor conpound and act i vator may be delivered as a
solution or slurry, either separately to the reactor,
m xed in-line just prior to the reactor, or m xed and
linitipg éx&%f)ﬂﬁy aeddtuntiadhiiel highgressurs hwtroblavbpphm around loop or
react or n one particular enbodi nent, two sol utions
awtoelanixanil tubularpecaciire, ad any sembinationetfierdodo be ni xed
|n line upstream of the reactor with other feed

onents, rticularly with noner -free. f eed
I‘E’d bnekh espogimww%a%’?@ﬁss OBk Broseserfor producing polymers

L%ﬁgéeq:egi'ﬂ‘lgf \%'rg%&ng ags?%&?{/% ?rﬁﬁ/ @ﬂe a ehe%ﬁmeé)tly in autoclave

(a‘l‘%S trE ROk tfe sflﬁ‘%ﬁt P«fnk? Oarid @VBifar PRLYINRS.1 Z ElEfPfUally, autoclave
under uncontroll ed conditions and/or to preven

rdfaotar$ rigrvealesgpth-ty-didrecteol satios ofidelato 20el tared aad Iﬁrtted with a
| ower tenperatures of said feed streans as conpared

highespeeeiup e QOQOoRPMDem%ﬁbkaéﬁ Stipgsy ;mérbazfﬂw @H@n%@/ feoptimal

g RE e o b ALt R oy BRI PO Breelst HhS"MPa with a
mak A GAGH t&?)cal%nlgsé’ﬂ{alrﬁ% M®4. VERE x1ﬁ1”u?n Peéi&Mre of commercial

contl nuo single reactor.

atotlanes,i havieoer, pmgedsesmefl higher pW@ttheadvirwes piroduedhmical and
pol ymers with broadened nol ecul ar wei ght distribution

matestil ssisach tachnplagies conpr ehend hi ghpressure reactors
where the reactor is substantially unreactive with the
' ents and is able to

ohﬁf%ﬂﬁ%@ ?Fécgﬁfsé'rrg&&r S8 U sedmbe r theu PECESH afor producing
p@& HIcTs W Hngl%ahgl?ecpﬁlo\i &hltz%tﬁ'péﬂ (féﬁﬂ%ﬁ&q dls\éﬁﬁﬁtf?eﬁglln%d more

pressures an

parfieGlaely fubultRirehé&obs EASatilt Wfbgeeaidd ap tmoumﬁo MP%. Tubular

supercritical condition. H gher pressures may also be .
reaetpus asd fitted vaitintexternal coolihg ahd eteraanbog irgoctdorn oodeed points
in solution yneri zation,  i. pressures, above the

algng _rshffe(tgbulwfmaqlﬁ@ ZONGuiAS mtyﬁélralv%tth%w l@g&qtm pQNgfs.serve as
cry Bk, B SR Suh A5 ooy eBth oE i POi e o ibgy catalyst
e Y
inprdaged meonomer 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 send a pressure shockwave backward along the tube.
The shockwave helps dislodge any polymer residue that has formed on reactor
walls during operation. Alternatively, tubular reactors may be fabricated with
smooth, unpolished internal surfaces to address wall deposits. Tubular reactors
generally may operate at pressures of up to 360 MPa, may have lengths of 100-
2000 meters or 100-4000 meters, and may have internal diameters of less than
12.5 cm. Typically, tubular reactors have length-to-diameter ratios of 10:1 to

50,000:1 and include up to 10 different injection or feed positions along its length

for the feed components.



wi th broadened nol ecul ar wei ght distribution may

operate efficiently in autoclave (also referred to as
w@rienei3a ank) and tubul ar reagtors. Typi cal | yPCT/US2009/003117

aut ocl ave reactors have | engtt-to-diameter ratios of

1:1to 20:1 and are fitted with a high-speed (up to

2000 RPM nultiblade stirrer and baffles arranged for
[0ort B]ralInrBoth natoclevesedmd albubart eatrs grigjstioasferds are typically

typically greater than 5 MPa with a maxi nmum of, i
caolpd dalrepr jasshienhtamp@etuvpr tRlewntxprevidp maaximumggooling and

thi e BRSO ARLRS R HUCH TR e JEnGnce! miEximufh ‘cerating
[ |
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aférOENRACHBh efddchés Vweealyt statet iff hbé i firstdhfigingSedne has some

herein and nore particularly tubular reactors capable
baxk-mxingt charaoferisticaboln tebolavPeacthruthe firstasection axfedouble-
fitted wth external cooling, and one or re injection
jagketed dubingiTAEY bsihsaled (FSPPHIALY AL ST Wit PR HiAtkcoolgd and may
i n_aut ocl av t | N ' j
oAU SRUB S oL ST LDRRERLE Dy BIP 0 12 ATERLEEa by pive

fISRTRRCFEA  plaat RbWStefelll toTh Xl oW epattrnt WakCmidifhdl WaklAT flow rate
reactors, external cooling often allows for increased

diffesernaes. chinbeths muidtiz@ieatntoelaves amdatbotdrareactord)ecatalybtecan not
| ow surface-tovolunme ratio hinders any significant
oMy che miggied at trainlesr butedlse aipdionally at angeer morg poigls along the

reifioty THocsERa: 1508 BiGIERALLR, HIRCHHT b JBIAROR points can be
thgoéa)’ﬁ@ror rsfefi ihh@kmlast EQRERE Rhsft9aah@ cofRbhtation. Catalyst

uring operation. Alternatively, tubllar reactors may
feba debdutionaalbsvyipohymepdekignwafotingheithimbeginett reactor or reactor
surfaces to address wall deposits. Tubular reactors
trajoremd4on mainggingps ther desired preductidty profilg alongbe repetor length.
may have | engths of 100- 2000 neters or 100-4000
nmeters, and nmay have internal dianeters of |ess than

TR . ors have
Héﬁlogeﬁ&)us_F&%ﬁiﬁtwﬁ%k@sﬁ E%ﬁ% Lo B0 900: 1 and

include up to 10 different injection or feed positions
[08'1%]3 IThHe |reRifddroroft ke f gestrippivRonety stor®01tha] defails of the

oth autocl aves and tubul ar reactors, at injection, )
hdreegenarsepelypieridatipn curocesses ¢hommgenemise supereripjealasalugion and
or below to provide rra>§1i mum cool i ng and . .
advanced solution processes) where the processes and reactor designs previously
described for broadening polymer molecular weight and/or composition
distribution are advantageous. The advantageous processes and reactors for
broadening polymer molecular weight and/or composition distribution disclosed
herein include a reactor that operates with a homogeneous dense fluid
polymerization system. Polymerization processes that operate in a homogenous
dense fluid phase use either inert solvent(s) or monomer(s) or their mixtures as a
solvent/diluent in their liquid or supercritical state. Hence, the one or more

reactors disclosed herein operate with polymerization systems in their

homogeneous supercritical or in their liquid state. When operating with liquid



t hus maxi mum pol yner production within the limts of

maxi mum operati ng tenperature. In autoclave operation,
W@2paksat er nmay operate at startup, but not aPCBEDS100%003117

reacti on reaches steady st ateVif the first mxi ng zone

has sonme back-m xi ng characteristics. In tubular

reactors, the first section of doubl ejacketed tubing
poTethebationt 8etdas P didcfostd desiphs wpel) coaditimnst o@n particularly

cool ed and may operate continuously. A wel]-designed .
advabtdgeous éatholquis-filed acacter opsration preds. f Inobho eupercritical
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injected at the inlet and other injection points can

sdmee eebabments, with flerilknnonomeey gsseoatialynfrent(Jessghantly wt%) of

_and concentration. Catalyst feed selection | ows
ingH| sphvantsien ghe pmbloe‘imﬁgty v\ﬁ[ ﬂlﬁiqiw.{%q%@r?crﬂ%%gf@%re%ﬁor operates at
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AF@H@&%}F%. PPlBaEIRoZAtd 91177 RS hek&h dhtSrpbPitéd Hy rBifiérence in

mal nder of the description sets forth the details of
thelrentieeygenous pol yneri zati on processes (honbgeneous
supercritical, solution and -advanced sol ution
processes) where the processes and reactor designs
[00125)] ods! anadkerc embedirhent, the adacton @pecitysrat comdécensawhere the
wei ght and/ or conposition distributiaon

pelyreRtdigraduton Theuhstaate by cided @Vo%é%@g rsgflmer}te@el%@ process

whelr B RIS medelPn SOEdIB GrSerDemirndran 40wy plvept, ypically
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pol ynmeri zati on syste Pol yneri zat1 on processes that

WP a0asM44n48, hershy arvorpohests By freferehqehnimsits eatiratyt Moth solution
inert solvent(s) or nononer(s) or their mxtures as_a )
ansbhempagerrusetpergritiqad ipolymeuizatiasy peaggasesmroviding polymers in a

tate. He t t dj,scl d :

heibPesiieoiontik Stite ARSI SFratr PETR Ao e UK g Rer phase using
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hethegérmpnd dhsidgnsatanctycossipldying ane ipertt i sulvent! Yin substantial

advantageous in the liquid-filled reactor operation
cansdntrationh @i, tHe widpeor mernegal The solution process provides for a

polymer-containing liquid phase either in an inert solvent or in the essentially neat
monomer or in their mixture in their liquid state. The homogeneous supercritical
process provides for the polymeric fluid state by dissolving the polymeric product
either in an inert solvent or in the essentially neat monomer or in their mixture in

their supercritical state.

[00116] In another embodiment, the improved process for producing polymers
with broadened molecular weight distribution disclosed herein may be
incorporated as one or more of the reactors with the improved in-line process for

blending polymers to improve blend quality and reduce the capital and operating



and sol ution polynerization reactors, the process may
be a bul k polynerization process operating with | ess

W b@n/140% or | ess than 30% oy, | ess than 20 wWe@%/U82009/003117
| ess than 10 wt% or |ess thar!s wi% of inert sol vent
present in the reactor, and in some enbodi nents, with
bul k nononers essentially free (less than 1 wt% of
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hexsingnbrar otenc-tlopbd ospiaations theseel)cant PPHENRRY fpgtictiluent or
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I n substantial concentrations (i.e., 40 w% or nore).
MIw @ohbdver 3pMBessTheopolyeaterization fakky rHace dntaihonmogeneous
i quid phase either in an inert solvent or in the
pelymenizaiphsyplent Wi the re8etarn their mixture in their
liquid state. The honbgeneous supercritical process

roylides for the polyneric fluid. state di ssol vin
l‘fﬁ«l@%oﬁpm & Piost gebadimeats, e dinstheet theopdBicrizaion system
. t | Al a [ LT g j
i bR OEIIE orfndET br FBORCH ik O R orobH O AnL. or more,
ofBBeGH 0BL/mLNer mbreoV sl dieOse BForeOEmPb@ighiitsldthe density of the
pol ymers Wi th broadened nol ecul ar wei ght distribution
paliyswdriration heystenm isrf foemi O Sogpok. doed. 7asg/ords or from &.3F to 0.70
he reactors with the inproved in-line process for

ndi ng polyners to i nprove blend quality and reduce
the capital and operatingcosts associated with a

[(ﬁﬁ%i} neig 8r?e|: yonre Hozl'gt fi:r%gogprger?tls,e tdei nsgeﬂyag%ated | pso(i;'r%sé? dyield (i.e.,
" conversion of monomer to polymer product) per pass is at least 5 wit% of the
monometr, or at least 10 wt% of the monomer, or at least 20 wt% of the monomer,
or at least 30 wt% of the monomer, or at least 40 wt% of the monomer, or at least
50 wt% of the monomer, or at least 60 wt% of the monomer, or at least 70 wt% of
the monomer, or at least 80 wt% of the monomer, or at least 90 wt% of the

monomer.

[00120] In one or more embodiments, the polymerization conditions are
sufficient to dissolve the polymer product in the monomer(s) present in the liquid

state (i.e. “bulk solution polymerization”). In one or more embodiments, the



U S. Patent Application No. 12/002,509 filed on
Decenber 17, 2007, and U. S. Patent Application. No.

wQa 200071427406 filed on March 4, 2008 herein i ncor@DUS106€003117
by reference in their entireétd.” [00117] In one or nore
enbodi nents, the process includes contacting, in a
pol yneri zati on system one or nbre nononers

pdlgfhepivhion oulditionsoabd enfficivmtt to dissalval thet polgmer product in the
activator, optionally conononer (advantageously

mehbyriee(s}, fvesembe-n, thexenpertritioal ostatme (ile. a‘ﬂﬂllk homogeneous

conbi, natl onf, t hereof ) Eld optional ly inert diluent 12 I
supgreritigal  RlANGEFAlNE) ur dnalife AOHOrEH S fenfy ¢ critica

teﬁ}pege? I arg@%ssﬁfevgpx%\égtorﬁ O%re%ﬁ?ﬁé? 1 a(gnatﬂg f@‘lﬁﬁl values of

pie RYshehss, Mid- thi§ SupatyitiBal 3Fdra@6nd akeenptrateed Ioweer than the
honogeneous pol yneri zati on systemw thin the reactor.

: crﬁt@@ll&}nperamme of amer er emoosli ofeths , purbendmosidry @ gt E2°C for
rlzatlon systemis about 0.3 .g/nL or nore, or
praswfqnem are ppsaiblgy laoene Obm%ﬁ@mbqﬂlmegrwe%amowmaterlals
mhodi
wilRdotneiitigk Bpinfha” s p i e SPLF R PE B Wpged without
foglllﬁ%g/emmtQelgvv7 Sh8/ Bhiticslr térﬁPE‘ﬂa@ux%S drotfs 18adoflblends, ie., at

I'n one or nore enb nments, the steady state

ten@ieyataresynhat dofrespgond twtiwecondensed liqui seate tod thelpobgnerization
pr oduct% per pass is at |least 5 wt % of the nononer, or
system ém dhe 1€pciRmy, Isr thepe lli*ﬁf@mf thegppesating semportyieosans be below
t he.nononer, east wt % he no or at
thp BURE ROVt She Pinstift hindire i Gus MG RS Gvgriiraips what is
of'@f‘?ﬂ%fredolro/ : # qt%ﬁtgtﬁlfég Wndi@bnd. heln”é‘?ﬂﬂ@qgstaﬂéesat ]ych Oé)eratlon
0

[ east 70 wt?© nmononer, or at least 80 w% o

mooaeorld bodesited RasdhiSk Mg%mbldduﬁrrmalgﬂe (MW9aad@hud fow melt
one or nore enbodi nents, the polynerization conditions
flewe ratef (MET Rt pamicaiarkol ine the err@ou;”aemrep oddaepolymerse such as

PrOBY eI HSRE o EMbdeReshibher ot eV R Srbodt ment s,

the- - polynerization conditions are sufficient to

[0655?}0I Yt o'hlaeorpl%lo}@%fnb%rd?r%ﬁfs, Wik bgﬁlmerization temperature is above

the cloud point temperature of the single-phase polymerization system at the
reactor pressure. More advantageously, the temperature is 2°C or more above the
cloud point temperature of the polymerization system at the reactor pressure. In
another embodiment, the temperature is between 40 and 250°C, between 50 and
200°C, between 60 and 180°C, or between 70 and 150°C. In another embodiment,
the temperature is above 40, 50, 60, 70, 80, 90, 95, 100, 110, or 120°C. In another
embodiment, the temperature is below 250, 200, 190, 180, 170, 160, or 150°C. In
one or more embodiments, the polymerization temperature is from about 40°C to
about 190°C. In one or more embodiments, the polymerization temperature is
about 40°C to about 160°C. In one or more embodiments, the polymerization
temperature is about 40°C to about 140°C. In one or more embodiments, the

polymerization temperature is about 40°C to about 130°C. In one or more



nononer (s) present in the supercritical state (i.e.

"bul k honbgeneous supercritical polynerization"). In
wWo@r@042760r e enbodi ments, the ¢ritical tenperapcr/ESaNg003117

pressure of reactor blends are different fromthe

critical values of pure conmponents, and thus

supercritical operations at tenperatures |ower than

erhbedigidrts, ol polyprtiaatios teiperstue israbout of0°Che abowe 105°C. In
mononers (e.g., 92C for propylene) are possible. In

ommer morersmbadimetisyihe polymeertzativortpmpesatuee israbous 44°€Ho about
LQw rel ting point s well as anor phous nmaterials .ca o
058 iR BHmre RTPOT IR IS GBI g SR REMBPFaT &b 2bout 40°C

t re of the reactor blends, i.e., at
totago%gr%gi@ﬁr es that correspond to the condensed |iquid

state of the polynerization systemin the reactor. In

[ tqn is ab
193, ISRt SHIREREEHI d BEBSMLE Rayhgare isshove

thehsadid-flaid phasotransitionp eeraperatire Weaystaldizafioe ntempiceatnez) of the
to as liquid-filled conditions. In sone instances, )
palyaierigpentsystenid dhe ggretop rawssre da affordcfauding-fiegeontinuous

o AR BT o o

SRS TR Bl A AlAR sem o

theQbadTBF preabine) New®adeiniagedsiyhby eerhperadhreud aptdast 10°C above
tenperature of the single-phase polynerization system

that salideflnshphese trams armeationbpeind dfatheagebymenyzatiane system at the
tenperature is 2C or nore above the cloud point
re%ﬁg@F%?@HFee of the pol ymerization systemat the
reactor pressure. In another enbodi nent, the

rature |s_be d d.
(09FERE" Th et miEt ARl spe Rt AAEAT piftsBis no lower
FhhgLaa R ith i pFRATHR bftRRFBe Pdlymerizati
(hf RESHIAEAG T IRinsi i pHATRE! AN pimep of MR Holymerization
systdmodatrethie, rehetor etgmperature. i s Ibeboe 250 m@e0,eml@liments, the
180, 170, 160, or 1500C. In one or npre enbodi nments,
palymepizRaR Prosstrois Redpwenthanel § MRa baloxp qutnaytver an 5 MPa

bout 19Q0C. nbodi
o35y R AP 07D e PR bR & BRE BE Ihd iPapslg or no lower
thaR AP E-MPA B18wO or"RS GoREP PRUABN 15 MPL HeRAV WHBT d18@8d ig¥int of the
tenperature 1s about 400C to about 1400C. In one o

potomerieationlisystens at tHeereactor temperature. In one or more embodiments,
the pressure is between 1 MPa and 300 MPa, or between 13.8 MPa and 200 MPa,
or between 20 and 150 MPa, or between 5 MPa and 100 MPa. In one or more
embodiments, the pressure is above 1, 5, 10, 15 20, 30, or 40 MPa. In one or
more embodiments, the pressure is below 500, 300, 250, 200, 100, or 50 MPa. In
one or more embodiments, the pressure is between 1 and 200 MPa, between 1 and
100 MPa, or between 1 and 50 MPa, or between 1 and 40 MPa, or between 1 and
30 MPa, or between 1 and 20 MPa, or between 1 and 15 MPa, or between 1 and
14 MPa, or between 1 and 13 MPa, or between 1 and 12 MPa, or between 1 and
11 MPa. In one or more embodiments, the pressure is about 13 MPa or more. In

one or more embodiments, the pressure is about 13 MPa to about 42 MPa. In one



pol ymeri zation tenperature i s about 400C to about
13Q0C. In one or noreenbodi nents, the polynerization
WO eovpasasure i s about 400C to about 1050C. | n BPEEUS2009/003117
nore enbodi nents, the pol yneri“Zation tenperature is
about 400C to about 950C. In one or nore enbodi nments,
the pol ynerization tenperature is about 400C to about

oBhidte ehfHdHZAENISD tiNPregburnis abeiib ¢8i MiPatts, abone 35 MPa. In one or
pol yneri zation tenperature is above the solid-fluid

mohasmbadamsits, die peggsaraiupboytcty VBA|tozahqus28 MPa. In one or
tenperature) of the pol ri zation syste t he
MOEREMSPIPReas the ATESSAFe I P il}@-aft?ge%ogi)z{’ MBS us
pol ymeri zati on. Advant ageously, the tenperature is at
| east 2C or at |east 5C above the solid-fluid phase
Mdndasdrk | on tenperature of the polynerization system at
“the reactor pressure. Mre advantageously, the
tenperature is at |east 100C above the solid-fluid
[G2dp tAmnshaiomén havipgl ofe @F hbre frodn oenjugatedyraliphatic double
system at the reactor pressure. [00123] In one or nore
bendishpne e, on mwrpsarher atans emRpbedsade Advagagenmss monomers

b 5 S0 Ao RISl D RET, BB ot
ST, B iSOG ORCTERAS iy gy

vidlyldyeldhenane,! bayy hoMdanhelatvd dienesp suokeds wiaylcycldRexene, etc.,
bel ow, or no | ower than 1MPa bel ow, or no | ower than

om-dienps, suclows diS-hexadisae, tihzectrdineyreicherydooleéins, such as
. cl.oud point of the pol rizati on systemat the .
CYASRATING &¥pLaAnEKER® CYEIPheadine, e e NORBCREr theike.
pressure is between 1 MPa and 300 MPa, or between 13.8
ng. 200 a r t 0 r
(AT3E" dncoHog eaf? FRtgEEp S sTE 1 aHEr o mERRIRES can be
u&ﬁ?sﬁﬁﬁlﬁnﬂage&pﬁﬁﬁn@amés iA8ludd TAH C3Q-olefind GadVRatageBusly C, to
one or nore enbodi nents, the pressure is bel ow 500,
CagPolefiaspadPaflagddiBly @z &0 QypPalefins adeamageomsky C; to Cy olefins,

enbodi ments, the pressure is between 1 and 200 Mra,
adyaniagsualydadto 6o Mefinsodnsengemnbediments gdantagepus monomers

ing e hedr htpsBedil SloteeliBlionndly atadleody © o Cu
oRhinel ool ©f Lo chRagisty C, o C
alpha-olefins advantageously C; to C, alpha-olefins, advantageously C; to Cy;
alpha-olefins. Advantageous olefin monomers can be one or more of propylene,
butene, pentene, hexene, heptene, octene, nonene, decene, dodecene,

4-methylpentene-1, 3-methylpentene-1, 3,5,5-trimethylhexene-1, and

5-ethylnonene-1.

[00126] In one or more embodiments, aromatic-group-containing monomers
containing up to 30 carbon atoms can be used. Suitable aromatic-group-
containing monomers comprise at least one aromatic structure, advantageously
from one to three, more advantageously a phenyl, indenyl, fluorenyl, or naphthyl

moiety. The aromatic-group-containing monomer further comprises at least one



11 MPa. I n one or nore enbodi nents, the pressure is

about 13 MPa or nore. In one or nore enbodi nents, the
w@e@eaen7a0 i s about 13 MPa to asgout 42 MPa. | n BOBUS2009003117

nore enbodi nents, the pressureis about 13 MPa to

about 35 MPa. In one or nore enbodi nents, the pressure

is about 13 MPa to about 28 MPa. In one or nore

p%gmiizasr& doublBedrdessolr that aftebpolymériidtior, eh@lbfsthal® structure
a. Mononmers [00124] Any nononer having one or nore

wilhdre penjargafrer) th¢ ipsiymier hskbpre.bolti¢ sjromratict guoupr containing
nmore carbon_atons, may  be used. . Advant ageous npmner
MPREMEdCan ulhiebe SHHRELCE  Withe RBS BF JPFeiydrocarbyl groups
. butene-1. h -1,. 06t 1, =1, o .
ingRE b SRR 100l T8 e 1SS ERSoS  Atiapally two adjacent
sUMRGATRIHYY t&t Weetfined tBYfoedC hORRY ftfict@eC - Advantageous aromatic-
non- conj ugat ed di enes, such as vinyl cycl ohexene, etc.,
graup-ctintaiatng monlonzeys tohtdiras diash ene brdmetit attuetuee appended to a

etc., cyclool efins, such as,ot(:%cl opent ene, cycl ohexene,
pelysiesizaklfdiolefinic emeiety no PaBiGidady adyantageops gomatic monomers

ink e YRR bepb BRI R Geous R SRRE | adBuptuenes,
vigglrﬁg%ﬂéﬁé,' nsaégﬁdvaﬁ@&%ﬁe,usl ¥n&2 tifdén& ol &pkebily . styrene,

vant ageousl y to C40 olefins advant ageouslfy C3°t
pdcameth dftynene, ddplagityddrnersd-y aqd dllyl&izeakefins. I n sone
enbodi nent s advant ageous nononers include |inear,
branched or cyclic al pha-ol efins, advantageously C3 to
[00120] allphenolozf iness eamtyeditmegts usdn-aggnatic @yolic group containing

al pha- ol efins, advaptageously C3 to C40 .al pha-q efi
mQROMTSeBUE Psed | HieesgnanoRer Fer raraiadim e J9s 6ubop atoms.
-0l ef | l.ef i
ST by A g AP ARFL RGBT SIPIRTEE sty have

lehsixohne. posRiaiRablOGleNfic PPHGN thatl g edigherdpdRdaiteon the cyclic
4- et hyl péntene- 1, 3-nethyl pentene- 1,

stAychurs- o isrpeirhof thexerdic struchme. SPhet by¢livstewasute c4roalsadke further
o oo o s e o il g,
Clrcllkfr iy dR AR IR oM. RIRCE e 8RR fonomers
include vinylcyclohexane, vinylcyclohexene, vinylnorbornene, ethylidene
norbornene, cyclopentadiene, cyclopentene, cyclohexene, cyclobutene,

vinyladamantad the like.

[00128] In one or more embodiments, diolefin monomer(s) can be used.
Advantageous diolefin monomers include any hydrocarbon structure,
advantageously C4 to Csp, having at least two unsaturated bonds, wherein at least
two of the unsaturated bonds are readily incorporated into a polymer by either a
stereospecific or a non-stereospecific catalyst(s). It is further advantageous that
the diolefin monomers be selected from alpha-omega diene monomers (i.e.
divinyl monomers). More advantageously, the diolefin monomers are linear
divinyl monomers, most advantageously those containing from 4 to 30 carbon

atoms. Examples of advantageous dienes include butadiene, pentadiene,



fromone to three, nore advantageously a phenyl,
i ndenyl, fluorenyl, or naphthyl noiety. The
WQ@e@aa4i780 gr oup- cont ai ni ng m)gso r further conPCT/E8290%003117
| east onepol yneri zabl e doubl’e@™bond such that after
pol yneri zation, the aromatic structure will be pendant
fromthe pol ymer backbone. The aromati c-group
h&aiéid) nﬁgp@am[ cactaflieheherndiadierest | Hedazddend, t hundecadiene,
or nore hydrocarbyl groups including but not limted )
dedecadiens, Ctdde¢adiengr olgtradegadiend, onpgntgdecadiens; adwxadecadiene,

oo sRReA bAoA B USRS hehSosdion,
d§ERLaleReat t*igg diéhE afe%%%éﬁiérfgr uc#éﬂt?cc?ﬂ%ﬁf‘é?l@?d HeXaBosadiene,
pol'ynerizabl'e ol'efinic norety. Particularly

héstied¥adBeeyUs FiaitRhdien8DNAGRACosadidnede thihyoiftAdiene, particularly
al pha- et hyl styrene, para-al kyl styrenes,

advanydgeousentisnesvi imglutepht Joehaptadient,| yl,7betadinne, ah@-nonadiene,
L5 aRianep ot ehdOrindReAINS] bonbLhelodeRtns. | n ot tgfecadiene,
LTSGR g I BAGRIE ioiEnd BoRRIBEAR, s than
1660 Cz%r/ﬁﬁﬂ').at ONRAdvaHidedbhe NSRRI OdRines Citielide 9'cQeRpentadiene,

contai ni ng nononers advant ageously have at | east "oné
vinglnorboineakb) e worbbimddiergy, oupthiyhidene s mortbloenerpg ndditinylbenzene,

the cyclic structure or is part of the cyclic |, .
disyelopentadienener higher singrantaiping diplelinswitheor withgut substituents

substituted by one or nore hydrocarbyl groups such as,
ANAIGHS G Pﬁ’%‘éﬁnf'o, Cto G o alkyl groups.

Advant ageous non-aromatic cyclic group containing

nmononers include vinyl cycl ohexane, vinyl cycl ohexene,

Pvin | npr hor nene, et hylidene norbornene,
—%QQﬁéﬂﬁﬁéhﬁﬁ ene, cycl opentene, cycl ohexene,
cycl obutene, vinyladamantad the Iike. [00128] In one
[(leggr InSIRPEN ATR équs%rﬁb&éihibﬂfpﬂ&r@{oééés gédtriRdUsdbe used to

Advant ageous di ol'efi n nononers 1 nclude any hydrocarbon

poiduue honspodyimers ageopsllyyners Aalvadthgebay ipotymersl mradticed herein
_two unsaturated bonds, wherein at |east two of the
ingHaglet hemopealysaerg soraeepdlmgrs 9f iapy spbeabayerdassrired monomers.

oS 8B oS, FEEBESHerss Uuppgfamer o any C, 10 O
LIRS ekl 1PN, RSt ibpyins. o
another embodiment the polymer is a copolymer comprising propylene and
ethylene, and the copolymer comprises less fhan 60 wt% ethylene, less than 50
wt% ethylene, less than 40 wt% ethylene, or less than 30 wt% ethylene, or less
than 20 wt% ethylene, or less than 10 wt% efhylene, or less than 5 wt% 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
copolymer comprises one or more diolefin comonomers, advantageously one or

more Cs to C49 non-conjugated diolefins, more advantageously Cg to Cyg

o,m-dienes.



di vi nyl nononers). Mre advantageously, the diolefin
nmononers are |inear divinyl nonomers, nost
wa@owantageousl y t hose cont ai ni from4 to 30 PEr/DS2009/003117
atons. Exanpl es of advant ageoUs™ di enes incl ude
but adi ene, pentadi ene, - - hexadi ene, heptadi ene,
oct adi ene, nonadi ene, decadi ene, undecadi ene,
[00136F adhemethdrrémiesdighemncthetrilymde pactluzred, herein is a copolymer of
pent adecadi ene, hexadecadi ene, hept adecadi ene, ]
propyienscaril ene or meeredes adint®, Chcbreati brasched or cyclic monomers,

enei cosadi ene, docosadi ene tricﬁo adi en
e

ad VAN 280USH BMiE TR G dos QBN (erdisbafianshed or cyclic alpha-
o{%‘ﬁ%.acOﬁagérgtﬁgeo%g,a?ﬁé%lfﬂﬁr gfﬂ?ﬁ%@&aﬂé& 'is a copolymer of

riacont adi ticularty advantageous di enes
ptdpgﬂdﬂé&ariu énd1ephisteaiTesthlefe ObliREE Spenterde, rerenadiepiene, octene,
1, 9-decadi ene, 1, 10-undecadi ene, 1,1 1-dodecadi ene,
ndne®; t dedensadidadecens, 1 4-meashylkpentane-dne 3-methylovpentene-1, and
ecul ar i ght pol ybut adi enes (Mv | ess than 1000
3.9 lﬁmﬁﬂﬂggﬁgﬁaéous cyclic dienes include
cycl opent adi ene, vinyl norbornene, norbornadi ene,

i dene nor bor nene, divinyl.benzene .
IGH3L) dBeliir2rl a5 RRsp s EpRoaRERRC e pabmerdrgpursdperein can
¢ L , , _ ]
st gt ol B INER 5 BhotRed OV Cyffrochinal ipha-oltin
oo @Bytring bentairdagsslefias cori bemibaations thesbft capable of being
produce honopol yners or copol yners. Advant ageous .
pelymerized byt sah@'e@termspmﬁm@m%@@nfsmmpmm@e satplysts. Prochiral,
rs of .any, of the aboye-descrihed ner

o, B IRTE By JBG L O CRPRERETS Lhl B nie. fgPgation of isbtactic or
Y IRTORENY BB lynfr Al Pobifeitect ERERALERIN: caplys()

propyl ene. In another embodinment the polyner is a
[002B2| Y TR' arfsthEY bﬁib@ﬂirﬂéﬂ@%@nﬁolgﬂﬁr%&ﬁ B§8, pRspdlée present at

copol ynmer conprises less than 6 % et'hyl ene, l'ess
fromaf030 N walhydrend,tol 25 snolianon G0vindd e rhgl®enand @ar comonomer

I th 30. W % et hyl , I t 20 W™ %
DISBR Bhatora 2 [16a30 AL PraBob iy M, o 3 6830 ap% and a
% I dj I [ o
R AL PR B PR ERAA S PRy 1343 mote
of the nmononers |isted above. |In another enbodi ment,

t he
Catalyst Systems

[00133] The process for producing polymers with broadened molecular weight
and/or composition distribution disclosed herein is particularly advantageous
when used in conjunction with metallocene catalysts and other single site catalysts
because these catalysts generally produce polymers with narrow molecular weight
and composition distribution. The M,/M, values for polymers made with
metallocene catalyst systems in homogeneous polymerization media are typically
close to the statistically expected value of 2.0. However, any polymerization
catalyst capable of polymerizing the monomers disclosed can be used if the

catalyst is sufficiently active under the polymerization conditions disclosed



copol ymer conprises one or nore diolef n conononers,
advant ageously one or nore C6 to C40 non-conj ugat ed
wele@baeild7ss, nore advant ageously C6 to C40 PCT/US2009/003117
a, wdi enes. [00130] I n anot her“enbodi ment, the pol yner
produced herein is a copol ymer of propylene and one or
nmore C2 or &4 to C20 linear, branched or cyclic
hereino nEFIsus, aGsmip-3¢do tranyitimme netalsocan @rmr suithbie polPmerization
| i near, branched or cyclic, al phaol efins,

catalysist afyeitable oletin polymasizatios ratalystwildibg ghle fo coordinate to,

o RHEREISE gssieifte Wby akenyp astraliope il us e B not limiting,
) T S _ t

o JoLGASERNR AL il Pl Pl ey, qompounds

matilobetic aduaystagsiapsusds)ddieraahsitiohempeed] yeralyst odimpednds, and
herein can be a copol yner of one or nore |linear or

othemnemsectadocanecatalysioenmpaunds. pha- ol efins or C5 to
C30 ring containing olefins or conbinations thereof

capabl e of bei ng, pol.ynerized by either stereospecific
[09A54hopﬁ%d@ﬁbé@%heteﬂm,clwg!earwgﬁ% patprmiirﬁéhs)seagef%@@ to as first,

herei .. ers to mers. that f he, f [
sedfifafird. Tobrd, it AR LB erRls, W8S BLPRYIERE iindbook,
E US| 0@ o8, O S B3P hhder, KRl valk (996. [ OfdiaFdceh® ca®di€in the same

enbodi ment, the pol yner conprises propyl ene present at
referencd Gart 0od&ribet Yas aixthO gene@fionolcttalysts. 70 Gne @&xemplary non-

nol % and a conononer present at from2 to 50 nol % or
motajlgcane neatedysbr compousd woMprisgsd nenraekblosape metal-centered,

resent..at frqm 0 to 5 mol% or from0,5.ta 5 nmol% Qr
hefé53RA 1iing CRBDA fSmbelBushuRErscliSaniial it Bhgedotoiflic Group
4, ,Uﬁl'enﬁnﬁi%{rﬂ(f@agéri%g,td} %Wﬁﬁ@@_s@ﬁ{:@%?gﬁ‘i PEFiAIL Table of the

and/’or conposition distribution disclosed hereinis
Eleatentoul arl y advant ageous when used in conjunction

with netal |l ocene catal ysts and other single site

catal ysts because these catal ysts generally produce
[0p3B5hedsstwas Hnnther caserwifemetadlocané glatalysts, dbessosoninetallocene

i e g AP b RS BEL S oS M e by
M O TR S S—
NORéBIbéde Metal-centered, heteroaryl ligand catalyst compounds are
described in detail in PCT Patent Publications Nos. WO 02/38628,
WO 03/040095 (pages 21 to 51), WO 03/040201 (pages 31 to 65), WO 03/040233
(pages 23 to 52), 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.

[00136] 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. 11/177,004, the

paragraphs of which are herein incorporated by reference.



cat al yst capabl e of polynerizing the nononers

di scl osed can be used if the catalyst is sufficiently
wa@edpae7snder the pol yneri zatin conditions di BCT/US®A9/003117

J o - herein. Thus, G oup-3- 15 ‘transition netals can

form suitabl e polynerization catal ysts. A suitable

ol efin polynerization catalyst will be able to
(00937 Mdiceprionesses diddiesed cam anplyyi mixtuves bf catalyat kempbunds to

unsaturation. Illustrative, but not limting, olefin
sebedtythe mirepentien that arreyéqudnﬁrpuu&lezp@lgm 1xgd catalyst systems

Tl T S SR o
tv@%lghpﬁﬁ@/%r Cc%h@c?é?ﬁo t Ribiltfo a? 8B4 leréid to alter or select

erern ysts are those
désﬂfeﬁr;ﬂﬁyiléd! c&Smfdlécﬁilar pespeites. t Mok tbxafriple hnxechd:afalysttfsystems

generation catalysts in the Propyl ene Handbook, E.
cavbovantralr .the Edngleeialas e weigliw ddsﬁrwutmgg@ndvetaanpﬁyemé lsotactlc

catalysts in the s nce are descri bed
PYERRAPYIGTSN a|ll§%lf sztfém%ee Isrlosrs, Pﬁ%‘%ﬁ?é?%lqrog’éné’e afkclosure
st n [ 0 n
PGS LB "t EDr "ol ST BALRSE Sishosd, evin
pdIYARIRatibE P@ickon($ chapsese fEsHauchal Qvﬁhp thio 50r 6mo¥ehecatalyst
| ant hani de series, "or the actinide series of the

cd?ﬁpmmﬂismt'lthblsemftlmhe IRl particula), . twoditBFEntIcatalyas compounds can
the case of netal |l ocene catal ysts, .these

bmmwetesh MoEE HBen8ame - ek i %rlt RetivateEy ynd jigfapdpced into the

p9h 4o SRR O el Ao RGOS e FtdFan i

0 Hdaﬂgt Qfesuséﬂmvdf?td%ﬂeoﬁ?d@ﬁp&%h@h REMEhR%e 168N ﬁkanchmg
[1gand’ cat al yst conpounds are described in detail in

useg ntaté matdPydt] systemo aad Kigh 1801031 ¥@6ASeriiinadad obDaBEs. The
(pages 2 1 to 51) V\D 03/ 040201 (pages 31 to 65), WO
pogeB40DHE pisagrisdisglosyresogn umoog/@mr@ cpighys 1 the reactor of

o) 20 6/ 3862 |
R POy YT A8 6 SEr Stofh dipr, LRGP ek FeashRr By Bk than five
czi?é(llyh?f eclrrt,enﬁ vantaenf! ef Rl LAGULRITEY thef! Mre8TTalalREE€N8re more

yst an non-mnet al [ ocene cat al yst conpounds “are

advaatsgedus ol agévkn reaprragr aphs [0081] to [01 11] of
U S. Serial No.

[00138] The one or more catalysts deployed in the process of the present
disclosure can be homogeneously dissolved in the polymerization system or can
form a heterogeneous solid phase in the reactor. Operations with homogeneously
dissolved catalysts are advantageous. When the catalyst is present as a solid
phase in the polymerization reactor, it can be supported or unsupported. The
process of the present disclosure can use any combination of homogeneous and
heterogeneous catalysts simultaneously present in the polymerization reactor, i.c.,
the reactor of the polymerization section of the present disclosure can contain one
or more homogeneous catalysts and one or more heterogeneous catalysts

simultaneously.



10/ 667585 and paragraphs [0173] to [0293] of U S

Serial No. 11/177,004, the paragraphs of which are
wheroeitse7sncor porated by reference. [ 00137] The PCDUSHNSE803117

di scl osed can enpl oy m xtures of catal yst conpounds to

select the properties that are desired fromthe

pol yner. M xed catal yst systens can be enployed in the
[09139ps Sk pevcess ool the presdrt ndisslosuteh chn oasteaagd combination of

nmol ecul ar wei ght and/or conposition distribution .
hemegergnng angr legteragengpuseeatalystedeployerkin thedplyynarization reactor

ST ARG P AR Sl Bao i by poces
of s P LB D BB e s o

supPortyeilsich leithenear Brodispentd ah théd€hiid getpmeszatiGe spstem or can
herein, the polynerization reaction(s) can be

be opntauteddnwi stationary wmatalpstdeadat al yst conmpounds at t he
same tinme. In particular, two different catalyst
ounds can be activated with the sane or different

10838B ahen arihe; uppetiedd ¢aelyst neapilgiesrgadigérsed in  the
pEyBicERubn 3598 T s Bna P R in BB QD Tieri Bideuct or can be
. m e oo | USEC . .

SFEALR 0 O WRONRE HORLS 61 SHAN R R e BLD reacor

effueyit i & Reparheion ey thatsis dowvnstreamsef ehe tpudymesgatidon reactor
di scl osure can use one or nore catalysts in the
sectignt df thsr cathlysppariedes argtrcoov eredcthey. edtder cam bedigcarded or can

Z RSB T Tl e g o
stﬂfé:‘f@r@:ﬁaﬁg)ﬁ%ﬁs' Buéh 95 ABnSIRRS [ Jm I{isqgé%%]a%'g-mﬁoerofb?uﬂ)rustchannels,

nore catatysts deployed in the process of-t presen

redttoe | voslly, dntetialb@bivirrogen eDhisseystelicdaedvappoftstdie well known in
pol yneri zati on system or can form a het erogeneous

theairi of pdterngenpousheatalystst or. Operations with
honogeneousl y di ssol ved catal ysts are advant ageous.

\Wien the catal yst is present as a solid phase in the
loﬂéﬂ}her%s@itgﬁ Gakalystér) 15 {ared supodsdy aperaiion, with Hlspersed or

n 0 a4 . OGES t he pr t,di scliogure
o RVAR et mel B 25 Rk LoPER L cBFl g8 G RBreed on
diSPér3d phdichdsTBbEAIRNY W ith AUt DB stirecéd iy Rt YBPANAZEA RN ¢., the
reactor, i.e., the reactor of the polynerization
cadalysti snledf int the polysearic grahicoodirtbe processifahe masent disclosure.
Unsupported catalysts dissolved in the polymerization system are most
advantageous. The catalyst(s) can be introduced any number of ways to the
reactor. For example, the catalyst(s) can be introduced with the monomer-

containing feed or separately.

[00142] In addition, the catalyst(s) can be introduced through one or multiple
ports to the reactor. If multiple ports are used for introducing the catalyst(s), those
ports can be placed at essentially the same or at different positions along the
length of the reactor. If multiple ports are used for introducing the catalyst(s), the

composition and the amount of catalyst feed through the individual ports can be



or nore honobgeneous catal ysts and one or nore

het er ogeneous catal ysts sinmul taneously.- - [00139] The
wEe@erss3of the present di sclogure can use anyPCT/US2009/003117

conbi nati on of honobgeneous anu het erogeneous catal ysts

depl oyed in the polynerization reactor section of the

present disclosure. One or nore catal ysts depl oyed in
thehsani¥ of elffet.t Pedjps@santindihecdrneunts amhtylpes sifgaoalysdthrough

on particles using funed silica as support, which
thei dhifereatinpdsts denaptass ¢le | modutationuiod pelymer ipreperéigs, such as

systemor capn be,contained in a stationary catalyst, . .
mﬁi‘iiu%roo 1‘21?)‘FHW1 eHiSHHNLQH, o CPBWPOSHICD, y 5 £O mﬂ“)és djsiibution,

' . Ln the polynerization system they can be
c&é&@%@g%ﬁ% pol ynmeric product or can be separated from

the product prior to its crystallization fromthe

fluid reactor effluent in a separation step that is
Adtvators ambActivatien pd¢thods foraCatatyst éﬁ‘amtlmun;gct ion. If

the catalyst particles are recovered, they either can

be di scarded or can be recycled with or wthout

[00d48herkhe eatalysheompoungs desaibed) heyeeate ¢niabingd with activators
structured sypports, such noliths ¢ risin
fog, 35 HRECIBy (0t CHOLACEHSnIRITEd AR Ao opaion G regents that
. | t .
nbh B STARE S SR AR A B8 lnomcr,
sucheas alefinsst (A0 activamr ejans aigpoaffest, thepmioddédudar welight, degree of
di spersed or otherw se defined particles is
bragohingagemesoman éantehb aratherpropettiesupiibe polymoear.
di spersed particles, operations w thout catalyst
recovery are advantageous, i.e., the catalyst is left
Al uBSinBRANCESd ALRSHHATARY] WegVRIGEess of the present
: solved in the
pol ymeri zation system are nost advantageous. The
[00314a] Y 5h(she forth, Rihel B AP GREmMDKREERLE ueilizZ88YS drPactivator in
the reactor. For exanple, the catalyst(s) can be
thennflosubledditg prochssesrwhsniesarontraimi Adumesskames, sometimes called

separately. [00142] In addition, the catal yst(s) can .
algmoxaneodit ethe hatbughreorgensrally| eligpmepisy tcompoyiyls  containing

--ﬁ@f)f-:—g’-a %I}l];t{u?l‘gtlf,t I\’ﬁ]l?ggggrlg S afky Sgergu}f).orEixQ}xﬁ)?edsuS{" Whiminoxanes

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 can also be used. For further descriptions, see U.S. Pat. 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 EP0561476 A1, EPO0279586B1, EPO0516476A,
EP 0594 218 Al and WO 94/10180.

[00145] When the activator is an aluminoxane (modified or unmodiﬂed),' some

embodiments select the maximum amount of activator at a 5000-fold molar



ports can be placed at essentially the sanme or at
different positions along the Iength of the reactor.

w0 pooans278pl e ports are used f%r i ntroduci ng t heCT/US2009/003117
catal yst(s), the conposition-and the anmount of
catal yst feed through the individual ports can be- -
the sane or different. Adjustnent in the anpbunts and

excgpe Al et ahy satalyst eopipound (gef fretardataletit sitepafhesninimum
t he nodul ati on of pol ynmer properties, such as
aqrrxyla@mowatab’sghom@pgnd iptpiesily & dnpmslar rgrio.
conposition distribution, crystallinity, etc.
Activators and Activation Methods for Cat al yst

BC%%Q gC{IQQtJO gx] The catal yst conpounds descri bed
ed with activators for use herein. An

activator is defl ned as any conbi nati on of reagents

(o0l 46] | Be{sc@sfempliRed b QisdlandhHing omt@lbhl@%mhe Yactivator, that is
pol ymeri zes unsaturated nonomers, such as ol efins. An

neaxtal maicnmc,camhadml(aib‘mzylt)amhmmmlnetctrbhls(p\mtgﬂuorothgnﬂe-borate
of branching, conobnoner content, or other prgperties
a fispertupraphisay! barometalieidaprecursar Ar arirsnerfipig-naphtyl boron

meali R bRSchisedra poTialpPorBlie, bolTon AR Sni (o, 8/143983), boric
ad'l{' WiQeh! ﬁB%%zmsﬁgﬁfcg@?tﬂhgﬁ&?%%@%%ﬁ act1¥]ator herein. Also

um noxanes, ~ somnet unoxanes I n the art
ccﬁllttﬁnghmﬁ fd ysedidreinnaeireuaahppivids actvdtarsnaloge or in combmatlon
R):O - subunits, where Ris an al kyl group.
wgkza E@X@ﬂe@lr lnlhﬁ)diﬁﬁdrﬁélsmimaudéchﬁ%m al uni noxane
(MAO), nodified nethylal um noxane (MVAO),
and i sobut | al um noxane.

(ORY] S FATIh s naaR S o meli eV AlHTR oipghide gisubstituted
biithy ifinfi, SRt ndidhl & B @SS B ¢ Vi Pie eiBstituent

grolip§ThiRORMEH A8 dHih@'l'yfsle%i:t@d ﬁ*&m@n@mﬁlﬁeﬁglglﬁa}og@a substituted
used. For further deScriptions, see Nos

alkylepary ) &rylhatitles, kox b aﬂd h,aﬁﬂds ?Fhefam;e@@puﬁs 2‘6&6uﬁﬂ9mdently
g:ZO4 419, 4,874,734, 4,924,018, 4,908, 463, 968,
sefgctesh frogn haloggm, geano oromwltigyclics (inghiding aéoamtlage@l) aryls,

al@g,oggg flg%é’l A?o@gﬁ‘!au:eép @Ii(li %%é@r%@ (R reo%Pagvg’riltggéguess ate 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, advantageously fluorinated, aryl groups.
Alternately, the neutral stoichiometric activator is trisperfluorophenyl boron or

trisperfluoronapthyl boron.

[00148] Ionic stoichiometric activator compounds can contain an active proton,
or some other cation associated with, but not coordinated to, or only loosely
coordinated to, the remaining ion of the ionizing compound. Such compounds and

the like are described in European publications EP 0 570 982 A, EP 0 520 732 A,



[00145] When the activator is an al um noxane (nodified

or unnodi fied), sone enbodi nents sel ect the maxi mum
w@rwang27ef activator at a 5000-fold nolar- - eRCEES2009/003117

Al /M over the catalyst conpmﬁ?d’ (per netal catalytic

site). The m nimum activator-to-catal yst-conpound is

typically a 1:1 nolar ratio. B. lonizing Activators:
EP@04915373 1A, iIEP 0300e944 BtlgeEPt@)ZIB@OénMandllﬂ? ﬁ@76r004 A, and U.S.

stoi chi onetric activator, that is neut o]

Patud¥osas, 113, m,b@,ﬂys;@r}m;@@ﬁn741 5 206,197, 5 41,025, §384,299 and

s SPpa %5@'%244@%3&° RO SRR Rb 08 RBS AN Sled Aug. 3, 1994, all

I YY)
of SIREHE HeRER AR 2he b%ﬁé’?‘é‘ﬁ?%%‘?@?v%sgf&%éa

boric acid (U S. Pat. No. 5,942,459) or conbination
thereof as an activator herein. A so contenplated for

Cudéorirdordzimgafetivaors:al or ionic activators alone or in

conbi nati on with al um noxane or nodifi ed al um noxane

activators. [00147] Exanpl es of neutral ol chi onetr
[00d49), a Aty aters| araetquallé'uﬁig@mg J{%S%FQ% éﬁmﬁmrﬁ?y either the

rists IRAARE T BOBIORIAME HetVfibae pniSntors et QuSf, described as
iofn'iﬁ{f%%ﬁ‘yé@f]s ﬁnktﬂgéf e, @alaggl%ﬁqoﬁ d%h&t‘l'@'?ﬁgrs@' kyl's,

ary aryl des oxy and hal i The three
gr oups are i ndependent |y sel ected from hal ogen, nono

Of,a” tAsstelction (Of Totmae]l Reuthal! 19gaHas tdah Weesbhiewed with Lewis-acids
al ky and al kenyl conpounds and m xtures thereof,

'thaamlag@ousffm/ Ho1k ey [fogalupeutialy ligands. t THse dagwisracids are

tygpq@ii&yu a gﬁﬁ@%r ou\gﬁ@kt‘law o @éaic%r car %g)fg):rpgl ng activators
1ng[ pPRIM 33 ér% R® ?sar bgl{bu?t ?ﬁéﬂnﬁﬁr YA is a hrydrogen a

Sstitu ern ee groups

y?drbiz’ér%yh aiVidlﬁtlﬂuté@ dﬁ@dabﬂﬂ OF aURActiehg Rrbup NaRHAIOR'! is an
m xtures thereof. ternately, the three groutps are
S

atent ageagatipotdetedt agaous Nor-iazingaaetivatarsy hlsgr mepede weakly
Alternately, .the neutral stoi chionetric actlv tor is
cqarflifigteck IraRniipm SRl GRIPBAURSS &@@gspw Yadentel nﬁomplexes
boron. [00148] lonic stoichionetric activat or
r.ot on

(D33P0 Nl GRRE PRhIE of Ponglite abrixior iftudl Btes, BEL,
BABLY;, 'PS8EIB(C4Fs);, AlMes, AlEts, Al(iBu)s, AlPhs, B(CeFs)s, aluminoxane,

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

[00152] Additional neutral Lewis-acids are known in the art and will be suitable
for abstracting formal neutral ligands. See in particular the review article by
E.Y.-X. Chen and T.J. Marks, “Cocatalysts for Metal-Catalyzed Olefin
Polymerization: Activators, Activation Processes, and Structure-Activity

Relationships”, Chem. Rev., 100, 1391-1434 (2000).

[00153] Suitable non-ionizing activators include R'R"),, where R' is a group

13 element and R'' is a hydrogen, a hydrocarbyl, a substituted hydrocarbyl, or a



coordi nated to, the remaining ion of the ionizing
conpound. Such conpounds and the |ike are described in
wE0opeaso publ i cations EP 0 570 982 A, EP 0 52PCT822009/003117
- EP 0 495 375 A, EP 0 500 944" BI, EP 0 277 003 A and
EP 0 277 004 A, and U.S. Pat. Nos. 5,153, 157,
5,198, 401, 5,066, 741, 5,206,197, 5,241, 025, 5, 384, 299
ﬁﬂf&ioﬁaﬁg&ubZQnm ¢ BorPaindotiraems] RAtiseim dene ol perfluorinated
08/ 285, 380, filed Aug. 3, 1994, all of which are
ate@eei n fully incorporated by reference. C
Non-1oni zi ng Activators: [00149] Activators are
typically strong Lew s-acids which can play either the
[dd’l's‘?ti] OfOt 2P %)hpi%ngzrilag%ﬁ{/%hz 1&%&‘:{3kl¥3§9 ' whé¥el R 8% YnSarene or
previously descriped®as 1onizing actrvatars can al so
a Derfie@einatedn aferieONi Blulttafeé | Activatdis ¢403@Ahde ionizing and non-
straction of formal neutral |igands can be achi eved
iomizing Lantivatars ibdsed loat patiflapkearyhhoedriei arid perfftuorosiyl borates such
formal neutral i a_m(c;zl(sq.ls These Lew s-acid

oty BOMEA B ed Cobsian HCcbob a8d e B Calishp! cAdditional
aoR 1Bl SR P b it i T g 8517 which s

iU QaRidW refBrendBHkldint ed hydrocarbyl, or a
functional” group. Typically, RL 1 is an arene or a

perfluorinated arene. Non-ionizing activators al so
i ncl ude weakly coordinated transition netal conpounds
s low val ent ol efin conplexes. [00151]

Non-limting exanples of non-ionizing activators

i ncl ude BMe BEt , B(iBu)3, BPh3, B(C6F5)3, Al M3, .
(001553, In anathyi enphqaiment tersatalysh) Gamprstters offlis disclosure
. Ni 5-cycl goct adi.ene) 2. .[00152] Additiqpal neutral
incige, 3. PO PRARNENR! Rmifre S SHbler TBBre Pt Jhpre catalyst

" . ¥ . _

O BPoTan 2l drohe OF ey ik eRbrs, St BE IepB8fEed o cqnipeted with,
vaporidddrkith, béindmal @i, ws tiscdrporabdad alithiiat adsyrised] 63 sfsombed in, or on,

Pol ymeri zation: Activators, Activation Processes, and
OIS PLIBKE SUPRATILS/PX GAaTRErHAt i onshi ps”, Chem Rev., 100,

1391- 1434 (2000). [00153] Suitable non-ionizing
.W..1lhere tR>1

OIS BB T gt T s
Ala)(/gﬁt(ﬁge&?s\ﬂ'; th@ S%BB(QSHE& %aﬁgrigyﬂraoﬁgfo@élsupﬁ&t Taterial, for example,
talc, inorganic oxides and inorganic chlorides. Other support materials include
resinous support materials such as polystyrene, functionalized or crosslinked
organic supports, such as polystyrene divinyl benzene polyolefins or polymeric

compounds, zeolites, clays, or any other organic or inorganic support material and

the like, or mixtures thereof.

[00157] The advantageous support materials are inorganic oxides that include
those Group 2, 3, 4, 5, 13 or 14 metal oxides. The advantageous supports include
silica, which can or can not be dehydrated, fumed silica, alumina (WO 99/60033),
silica-alumina and mixtures thereof. Other useful supports include magnesia,

titania, zirconia, magnesium chloride (U.S. Patent No. 5,965,477),



functional group. In one or nore enbodi nents, Rl' is
an arene or a perfluorinated arene. [00154] O her
wowieRBxi ng activators incluyde B(R 12) 3, whePEI/BID09/603117
an arene or a perfluorinated darene. Illustrative
activators can include ionizing and non ionizing
activators based on perfluoroaryl borane and
mBatrhbtiNbeRé YEukspeah atentcBP @5 IHhMBZBi-'—plBjIIbﬁﬁﬁté zeolites, talc,
(C6H5) 3C+ B(C 6F )4 " and B(C6F5) 3. Additional
clags (W& Ragenttdo. ¢,834087)sad the Hkgedn additipn, womtbinations of these
03/ 064433 , Which is.i cor or ated ﬁ ference I
SURBOB) FateriplSortd Godissdy 1o XABIIG SEIFBEIrRERbM. §ilica-alumina,

s@@%@&%’rﬁﬁ %?'ngsiﬁllé Oﬁﬂdﬁ’tﬁoﬁﬁ'sﬁggbﬁ%%ﬁ%ﬁ baﬁi'irk@ﬁd@those porous

or carrier

adiylie p%wxﬁkbssaemmaﬁanrap 0a76l 084 B1e volicHUE Endétpoyated iterein by
can be deposited on, contacted wt h, vaporized wth,

refferedes t(hhensuppmmmaieaaksdmmmdm mancgdsyrasifds @s described in PCT
“{(@3%4%1%%8; gegggrgbggq d%%ﬁ@,%ﬁd;%@ §§§t%gpgsf,;§{eru trerslaesrcfescrlbed in
Ugg% i ' §2?‘$§%t g nﬂéﬁc U%QH?%% a&%pﬂﬁka m“glﬁ) 99/50311,

rous” suppor erral

wﬁwa?le %11 E&Eﬁr m'cBﬂfcﬁﬁfékiOO}D?@f&%ﬁcémd i nor gani ¢

chlorides. O her support "nmaterials include resinous
support materials such as pol ystyrene, functionalized

[00158] 09slid AKedntapgewy thatWhp ®upportstiaberi, md)s}.tSat(Waﬁt@eously an
di vinyl benzene pol yol efins or polyneric conpound

inpegrnic @xjde | kagsa sur aaﬁylr@ﬂ marthw@nﬁﬂ ef drom rﬂhogarwcto about 700
ri.al ,and the

melBb PO VPRS0 dhE deen Of SRBAE L b AbPe: 40T and average
pdfgelreg@ji%f iAxle @S t dfnglloll‘ﬁiealg(ylﬁs% §3 OipP a%ou% 56 ph.  More

met a e advant agéous support

ad%ﬁt%@@ué‘)ly' Itl@@suﬂﬁb@ hr&ﬁﬁf thie ﬁa%pd‘rﬁtmdlerldlem/ th ﬁieﬁﬁhnge of from
ITca, aunl1na (WD 99/60033), silica-alum na

absoutl 50 tot abaist ﬂmameég pcmensrluu@ediﬁjfrogupb@wt g tprablowtid.5 cc/g and
a&qg?eﬁﬁallr?j@ ¢ :Igtzggg?‘ ngtn b 92 10 about &8 " 5s|,tda%vgntageously the
surface area of the support materlal is in the range is from about 100 to about 400
m?*/g, pore volume from about 0 to about 3.0 mL/g and average particle size is

from about 0.02 to about 10 pm.

[00159] Non-porous supports can also be used as supports in the processes
described herein. For example, in a advantageous embodiment the nonporous,
fumed silica supports described in United States Patent No. 6,590,055 can be

used.

[00160] Additional useful activators for use in the processes of this disclosure
include clays that have been treated with acids (such as H,SO,) and then
combined with metal alkyls (such as triethylaluminum) as described in US

6,531,552 and EP 1 160 261 A1, which is incorporated by reference herein.



nontnorillonite (European Patent EP 0 511 665 Bl),
phyllosilicate, zeolites, talc, clays (U S. Patent No.
W®20®3442187Y) and the like. In g@di tion, conbi nakCDNS2009/003117
these support materials can b€ used, for exanple,
silica-chromum silica-alumna, silica-titania and
the like. Additional support materials can include
Séhemgepor ous acrylic polyners described in EP 0 767
184 which is incorporated herein by reference.
O her support materi al s i ncl ude nanoconposites as
[00a8¢] | [BsinpoufisTtHAO desirdy Safpuras ogithsutadesterying ieel catalyst are
WO 99/ 48605, spherulites as described in U S. Patent
reffiorred 1@ g ssavengets parl @nreskléledeadbe@gt aé pehymedzatipnaplmpurities

5031 1 h h te
cqrbémae@y% b Beftcind kel o6 et SERLORIE B¢ apsipoplly fed o

I T T

maRY diﬁéﬂ‘»nti\%?@ Wr%mmetMal&ﬁﬁgiethft foaf Peadxuéss@dtad turnover
about 4.0 nL and average particle size in the range

frefludnoymi.ahahe rrmmiiertof aindes o Monamdnsrednverted to the product in a

advant ageousl y surface area of the support
u%ttgrl? y PaE;| rﬁolehe rcéF?d}éStof OF arga\r?aureastprt %{BHHg ajolge same

s, LR Sl T Mg Sy e840 . covy
I%Qumltﬁfbéﬁstéﬂr\é@ﬂi' 3@@?&'&'&:&1 Ahene Widighe oﬂrﬁﬂy&fer thig&de by a unit

support” material 1s in the range is fromabout 100 to
walghtof 48@lys®/ g, pore volune from about O to about 3.0
nm./ g and average particle size is fromabout 0.02 to
about 10 mm [00159] Non porous supports can al so be

3525 RO g B 36 BRE ARE) R Hhrein can'be

diTRRER" RUEmiédl mégnﬁnldu'nﬁgs)s YRIA' tife d&%ﬁgs@%tlbﬂt&ﬂ' t %n-limiting
States Patent No. 6,590,055 can be uséd. [00160]

exithaplaryosahverpets lineludevaltkyt saltiminwmecompbhrdgr swds sestrimethyl
of this disclosure include clays that have been

altm@arn@u tr\rrrthrrl akinggaup (einisabutsd styminae andetiiostnipilpednum. The

scfubtpdial 15 e e s 3he rifafisT fofyiBh i)y Engrplly applicd in
excest BE WP iehedidd RilF/ 5&%@ Bt talyst. These scavengers include,
but are not limited to, aluminoxanes, such as methyl aluminoxane. The scavenger
can also be introduced to the reactor with the monomer feed or with any other
feed stream. In one particular embodiment, the scavenger is introduced with the
monomer-containing feed. The scavenger can be homogeneously dissolved in the
polymerization polymerization system or can form a separate solid phase. In one

particular embodiment, scavengers are dissolved in the polymerization system.

Solvents/Diluents

[00163] Advantageous solvents/diluents for use in the present disclosure include
one or more of C,-C,; alkanes, advantageously propane, n-butane, isobutane,

n-pentane, isopentane, n-hexane, mixed hexanes, isohexane, cyclopentane,



Scavengers [00161] Conpounds that destroy inpurities
W t hout destroying the catalyst are referred to as
W@ eavamyar s by one skilled in e art of PCT/US2009/003117
pol yneri zation. Inpurities catl harm catal ysts by
reducing their activity. Scavengers can be optionally
fed to the reactor(s) of the process disclosed herein.

cfbédneC et} bivigteyriagrarbmatich] sech amnyludnt faiderylenay.s.In some
For exanple, catalytic activity can be expressed as

admmaga@usfcmqoémqnts,| the  ditueat ncomprisest onol es more of methane,
tgonomsrs conyerted t%the pr oduct |n a n|t
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%Bgdﬁﬁéﬁ‘ts gé'sﬂﬁ%?/d lhgﬁt 159%9?&1%(1%1' C activity can also

e neasur’e n termns productivity,
customarily expressed as the melght of pol ynmer nmade by

[09168) { A HibousCadidhotis - AIRP16rdudbe @;a\tsng@@efl%parafﬁns

use In the processes di scl osed herein can be di rent

adharageauslyo hotond k) isoparaffing advaitygdouabt iChatwiCys isoparaffins,
Non-limting exenplary scavengers include alkyl,
mgre wdvaniageewdy os 1o umhisgpatatfingt r@y igpparRHimis meant that the
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y cti r ener a eg-qi S al; :
PRAEE it NEKE pRARRLATR: btadtihl Sl s aiphas
hyldres8rbons weligser moldtalsdeavedat leastonecatbor ztteeh bonded to at least

al um noxanes, such as nethyl al um noxane. The
thsmotéwg sarhpmatamsoomat leastraneuside chain Ge.r2malesulaiharing one or
nononmer ot her f ed stre

h
ik (TEARAPY &HBE?&?%n‘Ear{’?ﬂ 33, e b TRoR S, bgrein he total
nifhblk Grec R0 oS OpLaRRbBAIER iy THE (368 HRRECH 16550, and

rmgeneous neri Z

deKiJe)éHEIO Zati 2P 1ﬁYdiio¢lﬁ€roém@)@ﬂlrﬁ@lﬁﬂﬂa@dSﬂbﬂ’f at)etdsqsl it yet another
phase. In one particul ar enbodi nment, scavengers are

erdbedimhendd Variohe igpehenyeofi eachi c_arbgysmgnber will typically be present.
Tl 5aPRIa a0 et S1SPornagude (Gy Faa B Tbo it beBnelik side chains
gégf%g%ﬁ Gs %n&bﬁéra%%ﬁsoﬁ Org%%tﬁé Rbsaa pen n ngﬁd@g&%ﬁgﬁé%e den51ty
(Asmaosz, 18 566 freXPaLthest SR aTHs rangePBOM ABS to 0.83 g/cm’;
the pour point is -40°C or less, advantageously -50°C or less, the viscosity
(ASTM 445, 25°C) is from 0.5 to 20 ¢St at 25°C; and the average molecular
weights in the range of 100 to 300 g/mol. Some suitable isoparaffins are
commercially available under the trade name ISOPAR (ExxonMobil Chemical
Company, Houston TX), and are described in, for example, US 6,197,285,
3,818,105 and 3,439,088, and sold commercially as ISOPAR series of
isoparaffins. Other suitable isoparaffins are also commercially 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 range = 215-

260°C). SOLTROL is a product of Chevron Phillips Chemical Co. LP, for



cycl ohexane, etc., single-ring aromatics, such as
tol uene and xyl enes. In sone advant ageous enbodi nents,
w0 b@dil7eent conpri ses one or re of nethane, PEr/s20e9/003117
propane, butane, isobutane, Ti*S0pentane, and hexanes.
I n advant ageous enbodi ments, the solvent/diluent is
recycl able. [00164] Advantageous diluents al so include

exainple SODETRORP2ZZ®E(boilisg poiniast 2830807¢).CSABOC ¢oa product of
i soparaffins, advantageously C4 to C25 isoparaffins,
Sasol L imiivetht(dgkannsishurgy Southo A frisapafarf £xamplegySASOL LPA-210,

[ ffin, i h ffi hai
saS08 "6 sbailiog pORAAAIEG 41Ohg at | east a port!on of

each paraffin chain. More particularly, the
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a’ nol ecul € having one or nore

npardffias yhaving uase thnar Y. é) dwaatagesysly dess than 0.01% aromatics.
advant ageously wherein the total nunber of carbon
Sqngnsultagqle nipagafifiasi are gomraercibye ayailaklen upden the, trade name
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I soparaftins can also inc oparaffins wt
advadtipieeds dildenghachsle dranemhatitivedaliphatio by deswapeseddbmprising a
of the isoparaffin. Advantageously, the density (ASTM
mirgBe;, ofi Bovnalspaaffing, isdpasaffins apdrayiclopasatisgeEypically they are a
0.65 to_.0,83 g/ 3; the pour _point is -40 0C qgr |ess, .
i Shebasy (3oooBPal cEetime yoraeailiny @AdTipEIparafins,
| t g nd .
oRaagsPuI 18, AeAhERLaRE, €55 (0TSO RHALErY low fvels
ofSOkhati¢l Kyaltbearboapaddfahtdieodsly 109 THRINC. A h&v@tﬁ%&cﬂnﬂ}e less than

under the trade nane | SOPAR ( ExxonMobil Chem ca
0.0b rgramyticso Satitabla Mparcematizedealiigmtici lnadtocarboherare commercially

A N R N T r—
HEhASh KL AR 5r SRPE AR oSO SRS bqromatcized
a@qa{i dr&darkbgyr on Phillips) and SASCL (by Sasol

Limted). SHELLSCL is a product .of t he Royal

Dut ch/ Shel |
[00166] In another embodiment the diluent comprises up to 20 wt% of

oligomers of C4 to C,4 olefins and/or oligomers of linear olefins having 6 to 14
carbon atoms, more advantageously 8 to 12 carbon atoms, more advantageously
10 carbon atoms having a kinematic viscosity of 10 or more (as measured by
ASTM D 445); and advantageously having a viscosity index (“VI”), as
determined by ASTM D-2270 of 100 or more.

[00167) In another embodiment, the diluent comprises up to 20 wt% of
oligomers of C,y to C;soo paraffins, advantageously Cso to Cjgpo paraffins,
advantageously Cso to C;s0 paraffins, advantageously Cso to Csop paraffins. In

another embodiment, the diluent comprises up to 20 wt% of hydrofinished



G oup of Conpanies, for exanple Shellsol TM (boiling

poi nt range = 215- 2600C). SOLTROL is a product of
w@h@ong13®hi | | i ps Chem cal Co.6?I§P, for- - exanpdBUS2009/003117

SOLTROL 220 (boiling point =233-280 0C). SASOL is a

product of Sasol Limted (Johannesburg, South Africa),

for exanple SASOL LPA-210, SASOL-47 (boiling point =

oRZEmaRiOf. 1{f¥didifd, l+hexenthdrheptongi tesdtengdtandmepepub-decene,
diluents include Cto C25 n-paraffins, advantageously
lmdc@er@mdwlpm@fcfsne}s Sughvaligarers wse yomer@wcbl%avallable as SHF
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frofl GheeromPhelliph IChegichiOBBAR Badddesia Tlexas, IuirakjnMsavdilable from
anot her enbodi nent, advant geous di l uent's i ncl ude

BleArmeatCémizalsin bhadon rt;béi@tham%pva@hﬁg from Fortum Oil
ure,of _n araffins, araff| and
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usantain very low | evel s of aromatic hydrocarbons
advant ageously less than 0. 1, advantageously | ess
than 0.01 aromatics. Suitable dearomatized aliphatic

[(d8pcdnbomsothere entbudlimient,| ythav adilwdit e wmﬂ;aﬁsetshea fluorinated
trade name EXXSOL ( Exxonhbbi | Cheni cal Conp
hydresabonTx)Adeandagaaass ﬂluerwﬁln@ﬁc ife [uge aig Exxshﬁclosure include

oI BT R, o o

“ItIFI g O r ?OO% ﬁbélgo n‘?éﬁ%nglhn gt(?} avi ng gﬁt)hﬂ 62 g‘{lgﬂrocarbons” o

“ i rEBarbdas’e (‘UUAragaows).y Fauéx@cax%o@l@rdw Rlefinet®o O EEmpounds
advant ageousl| {wlo carbon atons having a kinematic

cmsmm@ espentially) of rat heasé ongscarbers atas dnd atJenstu Gporine atom,

SRR TR R BEYAPS £ 4 BO0h b Ebripgi s
es%?ﬁ‘ﬁeﬂﬁf of W m LRE MR hidtR B SHSuUBs ¥8r 2Rapi8 linear
branched or cyclic, C; to C,y perfluoroalkanes. A hydrofluorocarbon is a
compound consisting essentially of carbon, fluorine and hydrogen. Advantageous
FC’s include those represented by the formula: CxHyFz wherein x is an integer
from 1 to 40, alternatively from 1 to 30, alternatively from 1 to 20, alternatively
from 1 to 10, alternatively from 1 to 6, alternatively from 2 to 20 alternatively
from 3 to 10, alternatively from 3 to 6, most advantageously from 1 to 3, wherein
y is an integer greater than or equal to 0 and z is an integer and at least one, more
advantageously, y and z are integers and at least one. For purposes of this
disclosure and the claims thereto, the terms hydrofluorocarbon and fluorocarbon

do not include chlorofluorocarbons.

[00169] With regard to the polymerization system, advantageous diluents and

solvents are those that are soluble in and inert to the monomer and any other



ol i goners of C20 to C1500 paraffins, advantageously
40 to C1000 paraffins, advantageously C50 to C750
w@200afi§i7ee, advant ageously C5Q0, to C500 par af f i PGT/US2909/003117
anot her enbodi ment, the dil ettt conprises up to 20 wm %
of hydrofini shedoli goners of 1-pentene, 1-hexene,
1- hept ene, 1-octene, 1-nonene, 1-decene, 1-undecene
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avai | abl e as SHF and Super Syn PAO s ( ExxonMobi |
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i ncl ude those sold under the trade nanes Synfluid(tm
avai |l abl e from ChevronPhillips Chem cal Co. in
. avai | abl e from BP Anpbco
P ?ﬁ‘i’- ﬁo}q%g essded b , Nexbase(tn) avail abl e
fromFortum G|l and Gas in Finland, Synton(tm
[084120] 2Dk édtggpspﬁem%apd RAPRE RSN A b LUV BRI X5 ¥Nolution or
USA, * EMERY( t aval abl e Trom Cogni s Corporation in
sltiypeithEAsephfidlg8h the ramabh erctioateddinhitm just peioditd denteactor, or
conprises a fluorinated hydrocarbon. Advantageous
preaeloyated rasdnpumped asean ractivatedds@lution Wreslupyl tghe reactor.  An

oGP PREL B tpiorjabilions ugitdo,a¥herdl the apfivajeq catalyst in-
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me&fouled wedghieah@/op OttifpoSitiBA | istrittutRsis @fé icalktiyd Qutain a single
| east one carbon atomand at |east one fluorine atom
reagier ayperasival, liy iyidh cyemomenrqasnonomprsy Catayst@ativator,i scavenger,

a1k} HIORBI AONEEER P aH RS OITORApS § | MBile. Teactor. These
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disfritkRioRAOmayf bel@bhh€ctéd dn g:)éﬁ'ﬁl‘l)&e& séMbsaRy 8ERPUSadtoBs making the
i nclude those represented by the fornmula: CxHyFz

saneeoedifferentspraductst eger from 1 to 40, alternatively
froml to 30, alternatively from1 to 20,
alternatively from1 to 10, alternatively from1l to 6,
(0917t} ndni geneyal risad 2inlet pemperagyrgat ar¢eggnaradm mearoto ®r below
dvan ousl

erpiye! Ihesr@iey 1 Braiiod cooydR 15 BERPIERER Bretugnan tig reactor
O%é@g‘?% dbove g{éy%&%/ﬁgﬁign@ﬂ%ﬁb&ﬁﬁ% of’ﬂ‘l%wéﬁgr{h@f groduct.

ageou z are’'integers a ast one.
For purposes of this

[00172]) The processes described herein can have residence times as short as 0.5
seconds and as long as an hour. In advantageous embodiments, the residence
times are from 10 seconds to 60 minutes, advantageously from 15 seconds to 30
minutes, more advantageously from 30 seconds to 30 minutes, more
advantageously from 2 minutes to 30 minutes. In some embodiments, the
residence time can be selected from 10, 30, 45, 50 seconds, 1, 5, 10, 15, 20, 25, 30
and 60 minutes. Practical maximum residence times can be selected from 5, 10,
15, 30, 60 minutes. In general, disclosure processes choose residence times of

from 1 minute to 60 minutes; more particularly 2 minutes to 30 minutes.



di scl osure and the clains thereto, the terns
hydr of | uor ocar bon and fl uorocarbon do not i ncl ude
w@ hdoongf7Buor ocar bons. [00169] Wth regard to tPer/US2009/003117
pol yneri zati on system advanﬂggeous di | uents and
solvents are those that are soluble in and inert to
t he nononer and any ot herpol yneri zati on conponents at
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-Pol yneri zati on Process Configuration [00170] The )
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coRversien date. n- The anppemepte-polyget anyeiiq ratepfor the ‘described
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inline, prior to feeding it to the reactor.
reBaingrefor zexampke Voel Binitingr thed eostd ofohemoinaer wedygile, minimum
and/ or conposition distribution are carried out in a )
cogivagsieny eaeldobe Askvantagsaus.i nl ks dhe msASeRsy can be run at practical
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oy ERiraRs af 205 bt S et s RE T BASG700 15319, agr 20, 25-60.
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4(bperconnemtvedsion, pdvalthgdously giate@sthho 10 begréaacthans20 percent
maki ng the same or different products. [00171] In
copyaesien., feed inlet tenperatures are generally near to
or bel ow anbi ent tenperatures to provide cooling to
he exot hernmic reaction in the reactor, operat ] above .
[ODRZAE; gfﬂajm PLAGUGH VIS pBAY Tapge Fromplo &gﬁQWkg polymer/ (g
r S d ' 1LR,; .
o098 Feentsdl Sohinoll® SRS RFRICOREHAREE pRGART 6 Gan result in
loWoRgidial ash 9 Whe pblym&lVBrIdRgE 0 ResRIAP EitHEASH conitefits of less than
residence tinmes are from 10 seconds to 60 m nutes,
0.5 0vt&btardesmuthian (.3 ovti’d,5orslesotids (. b vado,norrlassethanrfbh0 & wt%, or less
adyant ageously from 30 seconds to 30 minutes, nore
thapy QI ER AEE RAVARAEOOUS nut es to 30 minutes. In sone
enbodi nents, the residence tine can be selected from
10, 30, 45, 50 seconds, 1, 5, 10, 15, 20, 25, 30 and
EXAMPNERes. Practical maxi numresidence tines can be
~selected fromb5, 10,
Propylene polymerization at supercritical conditions:

[00175] All polymerizations were performed in bulk polymerization systems
(i.e., without using solvent, except for what was introduced with the catalyst
solution, which did not exceed 10 wt%) and without monomer recycle. All
polymerization experiments were performed in a continuous stirred tank reactor
(CSTR) made by Autoclave Engineers, Erie PA. The reactor was designed for
operating at a maximum pressure and temperature of 207 MPa (30 kpsi) and
225°C, respectively. The nominal reactor volume was 150 mL with a working
volume of 127 mL (working volume lower due to reactor internals). The reactor
was equipped with an electric heater and with a stirrer with a magnetic drive. A

pressure transducer located on the monomer feed line measured the pressure in the



15, 30, 60 mnutes. In general, disclosure processes

choose residence tines of from1l mnute to 60 m nutes;
WOore0oe/ 148 i cul arly 2 mnutes to 30 m nutes.- -P¢0032089/003117

Dividing the total quantity "df polyner that is

collected during the reaction tine by the anmount of

nmononer added to the reaction yields the conversion
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low residual ash in the polymer product.
cdigmillbdamanahly s adfustingntise dfow aatest bith® .mBomartier and catalyst
less than 0.3 wt% or less than 0.1 W% or. |ess thap
fegdp1 N ®xtespal bg@,tm&avwasonmswwlafr@sa&vam@ge@ué e. the reactor

tem&%ﬁ%ﬁng 3Py e%\;gﬁ)egl %Lf@h@?ﬂ ghéo e&g?r,tl ti@lsed by the
pWﬁL&fzﬁgn po&lglsk pol yneri zati on systems (i.e.,

out us ng sol vent, except for what was introduced
with the catal yst sol ut| on, which did not exceed 10
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expe i ments e performed’'in a continuous stirred

effluekt floac fiom (tl%ffb)ctmctﬁlebﬁorﬁwasteIleecﬁmgldmemgsstaErupe and shut
PA. The reactor was designed for operating at

dowiri anchiher ether pae {pr prediss callgedon duping thpd)aéfg@ekmfs*;qd at lined
o@sétqﬁ%y\,\ﬂkt{a{?%paéttiavegy EaclPlel orﬁl)errggrgs'is otl YW6 diF-actuated
valves bracketing a short piece of high-pressure tubing. Changing the internal
diameter and/or the length of the lock-hopper tube allowed the adjustment of the
volume of the lock-hoppers. Aliquots of the reactor content were taken out
continuously by running the lock-hopper valves in cycles. One lock-hopper cycle
consisted of first opening and closing of the valve between the lock-hopper tube
and the reactor followed by opening and closing the downstream valve.
Adjustments in the frequency of the lock-hopper cycles allowed maintaining the
desired reactor pressure at a preset feed rate. The volume and the frequency of the
two lock-hoppers were always set the same to allow switching between the lock-
hoppers without affecting the steady state condition of the reactor. A drain port

on the bottom of the reactor was used to empty the reactor after each experiment.



vol ume of 127 nL (working volunme | ower due to reactor
internals). The reactor was equi pped with an electric
whe@vas27and With a stirrer with a magneti c driRET/US009/003117
pressure transducer |ocated o the nononer feed |ine
measured the pressure in thereactor. The tenperature
was neasured inside the reactor using a type-K
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g dfa g el ot M wendfooa Ui Bl S dben to increase the
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two air-actuated valves bracketing a short piece o

abiuvghthRr bsisble edinbofighe e giTig: 1dve-predsabd ahorbrasefeyd was also
and/or the length of the | ock-hopper tube allowed the

stabiilized mgainsbbubble feomatien by eondingotdic-muppédesd usingyclvlled water
of .the r tor., content were,taken out ,conti nuousl b )
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renmupial .hdieaqrurifies] monairiesieed meisfedibyi andiapheagie pungd(Model MhS
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monomer flow rate was measured by a Coriolis mass flow meter (Model PROline
Promass 80, Endress and Hauser) that was located downstream of the purification
traps on the low-pressure side of the feed pump. The pressure fluctuation in the
reactor caused some minor fluctuation in the feed rate. The reported feed flows

were determined by averaging the flow rate during the entire balance period.

[00179] The catalyst feed solution was prepared inside an argon-filled dry box
(Vacuum Atmospheres). The atmosphere in the glove box was purified to
maintain <1 ppm O, and <1 ppm water. All glassware was oven-dried for a

minimum of 4 hours at 120°C and transferred hot to the antechamber of the dry



two | ock-hoppers were always set the sane to all ow
swi tching between the | ockhoppers w thout affecting
w0 b@gsxrardy state condition of,the reactor. A BECHUS2009/003117
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adtRMB] {P&rer Per§Y higid epatielarBP Qe thVnoR-codtdihatidg hffon activators,

I'1quid delivefy to the reactor. Heating bl ankets

typicatiydeduirésg catalyishcomasratibas onlthe dedertodald) for B3G nrod ppb in the
to deliver the nononer to the feed punp at a pressure

cpbipsdifged BB ©€ap®Irnt of the feed. The | ow pressure
mononer feed was al so stabilized agai nst bubbl e

RS 7 BRsEE b, R S SRS LIS v
B TGS PR v o0 o SABRR p cat

fead GnddbekHoppes ta¥e webdadjstddvatredch And Indaihiign Wee drget reaction
2700C) for water renoval. The purified nononer feed

temgerdtade land aprdssyrar agnepuhg ré¢adide reaghedededdy state at the desired

ProM nent lit Germany) thro the stirrer head
qnRORhProduet tllectitn WanoHchEd gt dhe WaE FelEERa to the on-

0l f t ( I ' 0 }
bffnct pbAR' SolfPiibn. ST The MRPEE FES BRIy EE vy balance
bdtheeRU30) fiocedi iin! bRBS vAlich el ePftuRNESWHS Gcdirdeedf td g waste

feed punp. The pressure fluctuation in the reactor
calbetiod wessel andidhe freactbuarasoshutndown. f €hd pratdactsTwere collected
reported feed fl ows e determ ned by averaging the o
frempther an-ba Fn‘ﬁfsﬁ‘ﬂemﬁ\? Preducts vsce VepRRgdried overnight at 70°C

before characterization. The conversion and reaction rates were determined based

on the total feed used and the product yield during the balance period.

[00181] Anhydrous toluene from Sigma-Aldrich was wused in catalyst
preparation and for reactor flushing. Initially, it was used as received (18-liter
stainless steel vessels, N, head pressure) for reactor rinsing and flushing. Later,
copper and molecular sieve traps were installed in the toluene feed line, the
description of which is given earlier for the gas feed (vide supra). Propylene
Grade 2.5 (BOC) was obtained in #100 low-pressure cylinders. The

methylaluminoxane (MAO) activator (10 wt% in toluene) was purchased from



[00179] The catal yst feed solution was prepared inside

an argon-filled dry box (Vacuum At nospheres). The
waeeoagiere in the gl ove box WfSS purified to nBCTIUS1009/603117

1 ppmO and < 1 ppmwater. A1- gl assware was

oven-dried for a mnimmof 4 hours at 1200C and

transferred hot to the antechanber of the drybox.
ABientarRolCorporsicrl drte wad ahgeslt asr esueiwal. s dirikisdbaitylaluminum

activators were prepared using purified toluene and
(Sigmaedlldrichntvas usedtfiosspassiviatingtthe fged linsx and\ thguisaetor if they

were taken tp pre are fresh activated catal yst

WEH ‘E?ﬂ?cﬁﬁg QWIS PRIYENINGS i zati on experi ment .

Cat al yst concentrations of the catal yst feed were

adjusted to maintain the target reaction tenperature

at feed rates that introduced not nore than 3-8 w % of
I@Mﬁ&@gsol vent (toluene) into the reactor. Due to
DiftErenflBl lScﬁﬁﬂn% @aqoxqfﬂe&% %Larl\t/[eé’s'?ﬁmg (R%ta[l%fﬁtoﬂr and Melting

rrpurtTrity 1eve arrrrcurt I'T Ze,
TEmbatarires (Fep 'aMHtTrﬁﬁ) 4R ERGt br pmlbmﬂm Tun.
Nonet hel €sS, catalytic activities were very high,
particularly with non-coordi nati ng anion activators,
00B2F alHexkr @eyktallizgtiont edripérafi@oC ENEp)at Poals MRltiMe temperature
[orde]r: of 10 SB:)H 100 nol ppbpl n theﬂgoﬁr?bl ned feed lf% thep
(Trapramd heqtOf1Rjon (HE dryidi Hakerxpeasured usingHRifferantiak Scanning
was, preheated to ~10-15C bel ow that of the desired
Cal@s@mtb)h (PStpepntrgaetor sampies (with| ngyausleatipgragsat added). This

ol S s o eGR4 BATRNRRE SIS ARO G Q2000

TEér%SBSge TRETFSENGad a5H 'Eed g%ﬂ%ﬁgaeﬁtﬁ?éjﬁsﬁg%%r 3ta a{da?ds (Tin,

esire ondi t1 ons, pro tiron was Swtche

Inidiwrm thelohesire, taﬁkllxe@ﬁeranbat obhéusimbal amdianp(281461t)/g) was used
col | ection vessel. The reactor was typical Iig run
tooeal tbzatgihe hﬁ@‘t ﬂ@l’}hSlgOa]t olbe rmrﬁdu@bﬂéy aftnegk mplting temperature

03@?&5@ %ev%t %ﬁgég@ mﬂehemm'a Z'@tfﬁﬁugﬁ%l'ct%cw %rb\ig/ssefyp'cally
r s 0. i
al?,\ngt L}efp 2 U%OS{BOAQ&C? g?ﬁ‘ﬂgtﬁg (i'g%&sg 8\%'5 bsg%ﬁ? d e gfé?ltdgrd aluminum

p&Ddnac gt ﬂlﬁ@tdrﬂnloa-fi@ﬁ e VeE ShsHundétt dteeit Q&nbéﬁa@&re Sample
were determ ned based on the total feed used and the

wps oduled tyi-g0UC dndi heptechet balGimie tp108d to[a@qaR#]the melting data
drous_tol.uene from Sigma- Al drich was used in

(ftraft aht Tbr%ﬁastaﬁaangdﬁavrd@ﬁ the meldpg bﬁb@ﬂpﬁg‘or samples made in

thler]rleetlétéa)}.l ¥ince thermalul%spory in Sgr%e\éergelgl%g alnld crystalllzatlon behavior,

the sample was held for 5 minutes at 210°C to destroy its thermal history. This
was followed by cooling this sample to -70°C at a cooling rate of 10°C/min to
analyze its crystallization behavior at this cooling rate. The exothermic peak of
crystallization was analyzed using the software provided by the vendor and the
peak of crystallization (Tcp) is reported. The sample was held at this low
temperature of -70°C for about 10 minutes to equilibrate it and then heated back to
210°C at 10°C/min to analyze the melting behavior (second heat). This gave the
melting behavior of samples crystallized under controlled cooling conditions

(10°C/min). The melting temperature reported is obtained by the analysis of the



stai nl ess steel vessels, N2 head pressure) for reactor
rinsing and flushing. Later, copper and nol ecul ar

W@ e@va4278aps were installed in the tol uene feellCT/U8®)9/003117
the description of which is @gi*Ven earlier for the gas
feed (vide supra). Propylene Grade 2.5 (BOC) was
obt ai ned in #100 | ow pressure cylinders. The
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was purchased fromAl bermarle Corporation and was used

peak obthe meltingrtransitionufimp). udilhsampiisgepored in dhis waek showed
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oG e GhohgE PRt UitfershP DR ARt JRUER tlPhcling curve was

udelC &ft@nﬂme,) th@HkabR& tfuSion AHIH n( ind @ ldttwaeakrovided by
crystallization tenperature (T¢p), Peak nelting

thieevgarloa! UTkis(Heap)ofafididiedd usdd tocalvml4teiithe aleghdd pfweystallinity.

measured using Differential Scanning Calorinmetry (DSC). . . .
The pezeant qrysiahisnivs iy ealcnlated nsimngethd formagan perrgak grystallinity =

v e Lot 5080 £ 4 B ORTr oS bfhe W07k Vs or 8700

IR 1€ T BB hepCORRIALA T Y00y SHIIR BORBEAlene and is
osthideddirom R26. B6 Wiitderlioh iisthermat dridbysis’e AdademéaPress, page
flow signal. The reproducibility of peak nmelting
41&n¥90at ure for pol ypropylene is within 0.30C and
heat of fusion is within 2% Typically about 3 to 5 ny
of polyner fromthe reactor was sealed in a standard
I\/PellffﬁioWﬂaP@Mé%ﬁlténiérﬁgz lids and | oaded into the
rostrument at roonrtenperature. Sanple was cooled to
-700C and heated at 10C mn to 2100C to acquire the
[0Ta83] NarHaMel{-FIGWIRARIIIMFRYI 6 polydierh 8RélendetRfAitiedeBy using
the melting behavior for sanples made in the reactor.
Dghisce Khpenmest RolgmeryTestf $ysteme sSenidst 4003 apparatus following the
crystallization behavior, the s le was held for

5
mefhingt descabed itde STiss 0109, Motk Indrepr&lperaiiampyanuah Method B.

THE Snefhger Koy ASEMIE- 12585, SPGB £. A Risf adoagc. Al
S aYiire §fab§1meﬁv\g>gﬁghg?r%m. 10fe exot hernic peak of

crystallization yzed using the software
provi ded by the vendor and the ‘

Molecular weights (Mw, Mn and Mz) by Gel-Permeation Chromatography
GPC):

[00184] Molecular weight  distributions were  characterized using
Gel-Permeation Chromatography (GPC), also referred to as Size-Exclusion
Chromatography (SEC). Molecular weight (weight average molecular weight,
Mw, number average molecular weight Mn, Viscosity average molecular weight,
Myv, and Z average molecular weight, Mz) were determined using High-
Temperature Gel-Permeation Chromatography equipped with a differential
refractive index detector (DRI) to measure polymer concentrations (either from

Waters Corporation with on-line Wyatt DAWN “EOS” and Waters GPCV



peak of crystallization (Tcp) is reported. The sanple
was held at this | ow tenperature of -700C for about 10
wWoreates3e o equili brate it an hen heat ed backCT/GS2009/003117
2100C at 10C/ mn to analyze tHe nelting behavi or
(second heat). This gave the nelting behavior of
sanpl es crystallized under controlled cooling
visotiieter adetedtdCori PYlynidrel abdraioripst witheomdineeWyaptontieidDA WN
I's obtained by the analysis of the- - nelting peak .
angsiVigeotiek Corparatien pyiscometer hjeteplors enbyperimgntal details on the
corresponds to, the ak qgf the,nel.li transitio
M RHSFTIeR! PTASS S erd Gpsirtisd M lterigrs bE byt P Brant, R.R.
VA=Y I j i e
Chfdh AW (s WEATRBIEI B RERuAR B, Rumber 19, 6812
68720, (g()(bg?rent catal ysts. Area under the nelting curve
was used to deternine the heat of fusion (DH) in J/g
using the software provided by the vendor. This heat
[0085)siTre i malysicd tvas cperfotrate ubimgdegrWatas GPCV 2000 (Gel

crystallinity. The percent crystallinity is cal cul ated )
Persengionhehreiatagsaptpevetantrinle ydategtians; tkhe-thrge detegtersy were in

sestss i JF o R VG Fad NS 18 AR e Bhe Sielspine derector
fifpS ifBHO\fg@P ﬁ%o%ec ‘DRI miiff(}?erﬁi)ilyme%ﬂﬁ@ehﬂ&) | hen Differential
rom Ref: B. nder

obt al ne Ich in "Thermal Anal ysis"

Vicadmiic deteessr. pabe dédt8ctot 98Mpulvdigndlh oaveRabHected on Wyatt’s
Measurenents : [00183] The Melt-Flow Rates (MFR) of .
ABdIRArspEwese end analyzed aginga (G gnalysisspograme H?al‘@sdetalled GpPC

Pol.yner Test ste ries 4003 apparatus follow ng
C(P}dé%{ﬂ%st?ﬁ? ‘%%&}&BE% ‘Sﬁelpﬁve Series 4000 Melt | ndexer
OQperation manual, Method B. The nethod foll ows ASTM
8, ption. k., g 23 I arrriﬂ]]ﬁ :
[%?éfstsgéﬁwgged g‘)’/d—us%arl}%&le rgga%ge 10%. aﬁﬁ eclal ar Bited TCB
(Ve abichl driben2éneR 861 v/AD. PMu@'BSﬁgbI}%ﬁM@ﬁb standards were used for
Ehromat ogr aphy (GPC) : [ 00184] | ecul'ar wei ght

calibsating thé GRC weStanddrdridentficateshsuatienist@dlin Phe tatzde ibwhow. The

Chr omat ogr aphy (GPC), also referred to as )
sagpples MGEE @sreataly rueighed .aasrq;{l{t@t@) a Npd degiml- cpargMation and

rew@de%ht PR as?fndg?(lisecgrllf rsavr\ﬁfi)l%g1 " were placed on a PL Labs 260
Heater/Shaker at 160°C for two hours. These were filtered through a 0.45 micron

steel filter cup then analyzed.

[00187] The concentration, ¢, at each point in the chromatogram is calculated

from the baseline-subtracted DRI signal, IDRI, using the following equation:
¢ = KDRI IDRI/(dn/dc)

where KDRI is a constant determined by calibrating the DRI, and (dn/dc)
is the same as described below for the LS analysis. Units on parameters
throughout this description of the SEC method are such that concentration is
expresséd in g/cm3, molecular weight is expressed in g/mole, and intrinsic

viscosity is expressed in dL/g.



My, nunber average nol ecul ar wei ght M1, Viscosity

aver age nol ecul ar weight, M/, and Z average nol ecul ar
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Gel - Perneat i on Chr omat ogr aphy ®equi pped with a

differential refractive index detector (DRI) to

nmeasure pol yner concentrations (either from Waters
[(ﬂlg%_r Forahe igH-senttéring ddjctér DAL FHGE' teaipbribirgrthe polymer

GPCWi sconeter detectors, or Polyner Laboratories with
motedulare wajght, M, nat PAVIN peidt \ins Hin chrapamgrami ih determined by

oTIBE0R GRS jgeucniae JhE ANty Padel [or TAGe BNt Sgplsring (M.B.
P S Sspise e o BolyneBRERns A Cadiytle 567

(2001). [00185] The anal ysis was perforned using a
Waters GPCV 2000 (Gel pegneatijon Chromat ograph) with
triple detection. The e Gtkg were in series
with Watt DAW "ECS" Pls ngl e laser |ight
scattering detector first, followed by the DRI

(O T88brdTar. AR5 MorieatirdoPes RBUFIED SHiCng intensity a
SRPRGELFRE o SA AS  E rom e D
ar s t %?‘Sis afhe kbR viRalT@Bkeidieme! PW) [som%am_r Cf%ctor for a

Standards and sanples were prepared in’inhibite
moho@ispetsei xandorno weilz édeskribod vianthe Bbave MBference), and Ko is the
pol ¥et hyl ene standards were used for calibrating the
optia] censtantfod thelsystemiicati ons are listed in the table
bel ow. The sanpl es were accurately wei ghed and dil uted
toa-1.5 ng/nL concentrati nzand regorded. The
standards and sanpl es wer etpinddénl/dsn” a PL Labs 260
Heat er/ Shaker at 1600C for twg4fjours. These were
filtered through a 0.45 nicron sfeel filter cup then
anal yzed. [00187] The concentration, c, at each point
in the chromatogramis cal cul ated fromthe
baseli Q& et Sd I : ' t Ve
ol | By it NATS R oEkroy BiRingn PTG (AT IR dRE refigetive index
incferfertofios ttha sy stetrer The edfraytivalindexahi-nd. 300 fdRTCBaad135°C and

dn/ dc : :
)‘.(= 690 n)m. In addition, A2 = 0.0006 for propylene polymers and 0.0015 for

butene polymers, and (dn/dc) = 0.104 for propylene polymers and 0.098 for

butene polymers.

[00190] A high temperature Viscotek Corporation viscometer was used, which
has four capillaries arranged in a Wheatstone bridge configuration with two
pressure transducers. One transducer measures the total pressure drop across the
detector, and the other, positioned between the two sides of the bridge, measures a
differential pressure. The specific viscosity, 1is, for the solution flowing through
the viscometer is calculated from their outputs. The intrinsic viscosity, [n] i, at

each point in the chromatogram is calculated from the following equation:

[n]i =nsi/ Ci
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The specific viscosity, hs, for the solution flow ng
surhinetighs are carried out over all chromotographic slices, i.e., between the

integration limits.
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infroVed rfstsINizhfloR KMUTRGQMACIBTId state product properties in a variety of

polypropylene products, including fibers, molded objects, and films.
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pol ymeri zati on system conprising: (a) providing a

tubular, a loop or a stirred tank reactor with one or
worere/14xed entry ports; (b) fe@gi ng to the reakCDDS2009/003117

through the one or nore feed ¥ntry ports one or nore

reactor feed streans conprising: 1) one or nore

nononers; 2) one or nore catal yst systens; 3) optional

Tabk 2y Thoeffescal Ritpedsing 4 fferehte batwennethertempeeatures of the feed

di l uents or solvents; and 5) conbi nations thereof,
anvhthegieactohbutleusingthe same raactenprd same stiggpdesignand speed

S Fxﬁ{hgély u'_ pilabc-ﬁémédnu“idngﬂpel arur g of 1 '”ED_RI
% Hibdr?
Ia el o
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m xture 1n the reactor, erel rrperature gra|ent
in the reactor is greater than 150C, wherein the
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oSSR ISP, O pUSSPbA TPk shoud o

afgpreciagyd thatRandes.from ahy Idveerpliméteresardf upperi linlt are contemplated
wherein the tenperature gradient in the
unless otherwise indicated. Certain lower limits, upper limits and ranges appear

p
t
d

A

in one or more claims below.

[00195] Various terms have been defined above. To the extent a term used in a
claim is not defined above, it should be given the broadest definition persons in
the pertinent art have given that term as reflected in at least one printed
publication or issued patent. Furthermore, all patents, test procedures, and other
documents cited in this application are fully incorporated by reference to the
extent such disclosure is not inconsistent with this application and for all

jurisdictions in which such incorporation is permitted.

[00196] While the foregoing is directed to embodiments of the present
disclosure, other and further embodiments of the disclosure can be devised
without departing from the basic scope thereof, and the scope thereof is

determined by the claims that follow.



reactor is produced via cooling one or nore of the
reactor feed streans prior to entering the reactor. 3.
wab@opsvsess of claiml, wherejn the tenperat uP€r/US2009/003117
gradient in the reactor is prioduced via heat exchange
within the reactor and/or heat exchange through the
reactor walls. 4. The process of claim1l, wherein the
CLATMSat ure gradient in the reactor is produced via
cooling one or nore of the reactor feed streanms prior
to entering the reactor and via heat exchange w thin

the reactqr and/or heat exchangge through the .reactar
wal | £: 5. Ao EOcass IPrprathcing Bolgers ath Broadened
: s an
AR 0%k Bl PRSI i AGARycd
pélseiAtiohsysSieatidMpriginghe reactor is greater than
5Q0C. 7. The process of claim1l, wherein the
t enpé)qraviding adutadar,ialooperracgturesdt tank rgaetar srith pagor more

GaOC. 8. The process of claim1, wherein the Mv M of
feedenYdI RO product is greater than 3.0. 9. The

proc . cl.ai ' '
o1 oatiDitepding uff feackSt bt 5 MY AftuBle FCeR BRI one or
mbre YEREGH Red Baedis ManfHrisine ﬂ’?’bﬁ%f miYTe FH6tiorhersg ¥ ohelor more
than 5.0.11. The process of claim1, wherein the one
catalysbsystemsoihjeoptiarad onh os enorerscaveigeys;eheaptipnap phe ve more
but enes, hexenes, octenes, . decenes, dodecenes and
didesss ARSPLYRRLSt ARd S) Fombinatinns tg?’i?@éss of claimli,

‘wherejpn t.h ol r. g [ I l: .
oo BF RIS SRCKY 5 PLABPaiaTE AP thy SH Huid
pIAsBRYARNGEH ratur€ 9P e/ ﬁ@?m&iza@fé)n system and a pressure no lower
et hyl ene- pr opyl ene- but ene- terpolymér. 13. The :
thandéesPadbel owathencloudipeine pressine ofethe tpolyrhaerizétéon system and less
i ncl udes a neans

than 1500 MPa,

wherein the polymerization system for the reactor is in its dense fluid state
and comprises the one or more monomers, any diluent or solvent present, any
scavenger present, and the polymer product,

wherein the one or more catalyst systems comprise one or more catalyst
precursors, one or more catalyst activators, and optionally, one or more catalyst
supports, wherein the one or more catalyst precursors are chosen from
metallocene catalysts, non-metallocene metal-centered, heteroaryl ligand
catalysts, and late transition metal catalysts; and

(c) forming a polymer reactor effluent including a homogeneous fluid
phase polymer-monomer mixture in the reactor,

wherein a temperature gradient in the reactor is greater than 15°C,

wherein the temperature gradient is defined as the temperature in the
reactor at 5% of the reactor length minus the temperature in the reactor at the

reactor exit port, and

wherein the Mw/Mn of the polymer product is greater than 2.3.



for mnimzing back-m xing of the polynerization
systemin the reactor to create a pol yner
w@reas7s@t i on gradi ent of 20 % or nore, andPTiTESM09003117
t he polyner concentration gratfient is defined as the
pol ymer concentration in the reactor effluent m nus
~the polynmer concentration in a first zone of a baffled
reacpor oThalpr&désslofichen eawherein tHeempbeatnsé pealientfin the
the feed entry port closest to the reactor head of a
repetior liepfadaeed oaa tooling ane Thenqre ©f dbe rescter fgedhstreams prior to
wherein at | east one of the nononmers is fed to the
CIHEHBE the ERACKH- upstream feed entry port and at | east
one of the nononers is fed to the reactor at one or
nore downstream feed entry ports, wherein the total
nunbgr  of THEReE®IsS of thifP1 ! WhRele@d tHeteniper fived gtdiient in the
upstream feed entry port is less than the total nunber
reattoninproechxed evila heattdxehapge wothin teorteghtor aadigrsheat anchange
feed entry port and the one or nore downstream feed
thgough thegeaetor aydliswher ei n the concentration of at | east
one nmonomer in the polynerization systemin a first
reactor zone in a baffled reactor or at 5% downstream
of the re?ﬁ&??oée%@%‘%laﬁfrpmJvﬁ@r_eifpﬁ{ert%ﬁfﬁefrﬁﬁ?e fididnt in the
port of a baffle-free reactor is at least 5% different
rehctomig peoduced eid casdlimgont of heors@fthatedceasfeed streams prior to

nmononer in the polynerization systemat the one or
enipiing thaweactarandswa dheahexshapge vathin the seactpranl/orheat exchange

of clains 1, 13 .or 14, wherein the one or nore
thE%‘fé}%tregéQfé’Yﬁl%f ed to the reactor conprise two or
nore catal yst precursors or two or nore catal yst

activators, wherein at |east one of the catalyst

syst®&ns i Thé paodess bifieldisattwherein e tepsgicrstane gemlient in the

entry port of the reactor and at |east one of the
regetioslis greatgrdhams Si6. fed to the reactor at one or nore

downstream feed entry ports of the reactor, wherein

the total nunber of catal yst precursors or catalyst

actiyat orTh%p]{(té%‘gs ORCMiNST, Whete H&ebﬁgﬁittﬁﬁééfgdi t in the

the Upstrea entry port is |ess tota

reBtioB ey gfatezahah $OLCprecursors or catal yst activators
of the catal yst systemin the

7. The process of claim 1, wherein the temperature gradient in the

reactor is greater than 65°C.

8. The process of claim 1, wherein the Mw/Mn of the polymer product

is greater than 3.0.

9. The process of claim 1, wherein the Mw/Mn of the polymer product

is greater than 4.0.

10.  The process of claim 1, wherein the Mw/Mn of the polymer product
is greater than 5.0.



reactor at the one or nore downstream feed entry
ports, and wherein the concentration of at |east one
W@ 200al1y2580 pr ecur sor or one catgl yst activator PONpS29691003117
of the catalyst systemin a first reactor zone in a
baffl ed reactor or at 5% downstream of the reactor
l ength fromthe upstreamfeed entry port of a
baf f | B- f r The peasissbfickaint 1) wheteirbthedorid @ midke frramondrs are
concentration of the sane at |east one catal yst
chosen dran ethyrlens ropy leng sbutgnes, hekoness Ofisoaatecenes, glodecenes
catal yst system at the one or nore downstream feed
angh,eQDOIALIORS theFeO conti nuous process for produci ng
pol ynmers wi th broadened nol ecul ar wei ght and/ or
conposition distribution in a honbgeneous
pol yIEr i Zh pocess bElaiaP Pwhetethe( Folyfte préding ista
tubular, a loop or a stirred tank reactor with one or
polypeopyéent komppolyoadrs an e)yleregronylene eopolymeet apropylene-
t hroygh the one or re feed entry ports one or nore
blrtsa%ﬂdiopp&@ae@ﬂr@&rﬁgﬁxl&ﬁﬁm@p}ﬁ@n%ﬂt%f6?rpﬁﬁfraer-
nononers; 2) one or nore catal yst systens; 3) optional
one or nore scavengers; 4) optional one or nore
di | ugRt s The HPORDLF claAaffll SvheRIPIHAeh s fhRREEAtIudes a means
wherein the reactor is at a tenperature above the
for shindmiding dapkasixing afithe payntezrgatioatsystenoin thegeactor to create
pol yneri zation system and a pressure no |ower than 10
a PPy Mg coRCeREalion gradient At i} wdh pramgre. apd

pol yneri zat, on stem and. | ess . =

et SRR e oo PR Pa E0R ettt HRoMEE as ts potymer
codtehiritidf ¥ thd tedbfdr ErAhEnNmEAHR E)bﬁﬁiﬁert EshRAfrafibn TR airst
nononers, any diluent or solvent présent, any
zamaofenbeffledrreaetor or anf%s bfthealencer 1@rghhl dotwnstvhames fithe feed -
the one or nore catal yst systens_conpri se one or nore
eey pPislossseithegeactophead pf pballlefiesirgagtonct i vat or s,

and optionally, one or nore catal yst supports, wherein
the one or nore catalyst precursors are chosen from

Lné: gé%gfs}@ﬁf ?)géacﬁégé’ DF1aifP D WRERNA SCRAS SHRE Gf the SRERSMErs is fed
to the reactor at an upstream feed entry port and at least one of the monomers is
fed to the reactor at one or more downstream feed entry ports,

wherein the total number of monomers fed to the reactor through the
upstream feed entry port is less than the total number of monomers fed to the
reactor through the upstream feed entry port and the one or more downstream feed
entry ports, and

wherein the concentration of at least one monomer in the polymerization
system in a first reactor zone in a baffled reactor or at 5% downstream of the
reactor length from the upstream feed entry port of a baffle-free reactor is at least

5% different from the concentration of the same at least one monomer in the

polymerization system at the one or more downstream feed entry ports.



catal ysts, and late transition netal catal ysts; and

(c) formng a polyner reactor effluent including a
whovegeTeéous fl uid phase pol yner - nononer m xt uUPET/US20091€03117

reactor, wherein the reactor 9°ncl udes a neans for

m ni m zi ng back-m xi ng of the polynerization systemto

create a polyner concentration gradient of 20 wt % or

nor e]15.andThe ecdess biielaimlsylya3 erobk eviierain the oyreantimote catalyst
is defined as the polyner concentration in the reactor

systemhs) &t tonthe wsacthecpmpyige twe o deter eatalyst prgcursprs et two or
reacto[ zone of a baffled reactor or at 5% of the

MPES 3131 St 8FIEYaI0Fownst r eam of the feed entry port
cl os : R f ,
and %érretlell?ﬁ'{ ﬁeﬁ“é{@mﬁ{hﬁ% S%Plgtf ? rtég?%gslu%td tlf)gﬁ%?%gt&}alfdt an

upstanfedd chiry Joe of iR R&stoifand Aileast One\fehi€tatalyse systems is
means for mnimzing back-m xi ng of pol yner reactor

feddnttberedoted atdes drahbredownsfream tfocd btrppertalof the eector,

direction of the dense f| ui ol ynmeri zati on tem
wi t FVheraie the tatelgpumbes o T‘F?ég‘pfg SUrSSFS of GatalvERactivators of the

I r -
co D550 50 TRDS] T i SRR, KR s s e o
nifiBer SREH Ny sOPprediLdLbr ENBYsP actiatord¢f theRaRAFst@ystem in the
claim 16, wherein the neans for m nim zi ng back-m xi ng
reattopal yheeone eantooe dowmstraami fecd edey portseand h/ di anet er
of the reactor of greater than 10.- - 20. The
pr ocwheresn thq eenpentratigR&f @t feash NGEAALyst BFCGHISATATANEcatalyst

B PN ARSI TN BB g e
regﬁ S)rra't §b4l 4B h¥ITEATh 2 the PeRYSH I%HFW frBimthleRpsireamt Red entry

engt h/ di aneter of the reactor of greater than
pdrt of 4.baTfle-fiveaeastor of atcleastri% liffatremt €iom thecqradeptration of the
concentration gradient is 25 w% or nore. 22. The
sapneallsastarnecqasalirstprecurser o Ane Isatalyityetivatos seamongnt ehthe

catalyst system at the one or more downstream feed entry ports.

16. A continuous process for producing polymers with broadened
molecular weight and/or composition distribution in a homogeneous
polymerization system, comprising;:

(a) providing a tubular, a loop or a stirred tank reactor with one or more
feed entry ports;

(b) feeding to the reactor through the one or more feed entry ports one or
more reactor feed streams comprising: 1) one or more monomers; 2) one or more
catalyst systems; 3) optional one or more scavengers; 4) optional one or more
diluents or solvents; and 5) combinations thereof,

wherein the reactor is at a temperature above the solid-fluid
phase-transition temperature of the polymerization system and a pressure no lower
than 10 MPa below the cloud point pressure of the polymerization system and less

than 1500 MPa,



gradient is 30 wt% or nore. 23. The process of claim

16, wherein the polynmer concentration gradient is 35
worewos278mre. 24. The process Qf claim 16, wheP€i/nS10ne003117

Mmvh™ of the pol ynmer product 7S greater than 3.0. 25.

The process of claim 16, wherein the MV Mh of the

pol ymer product is greater than 4.0. 26. The process

of clvirerain the pOEMerization sysldih fef thelreagrot wigritpdadedluid state
is greater than'5.0. 27. The process of claim 16,

anghesrepris¢shiieams @rmotg momonmers ranyadituati 05 salvienp present, any
but enes, hexenes, octenes,

hyl , ,
ch&ﬁ%gfg'g’ie%%{ig%gg’e%ﬁmn@é %?%1. ons thereof. 28. The
br Oc\g’?lglbe {nélﬁée 8#%%[13% g%qr%g{aﬂég ﬁygt:%ﬂ&oéen [ xrisepf)f;? gfr:] Iéndré ctalyst

poly y ymer, prop

preeRRbydI®ne Gt RHRPMENS Kithvaldts, dnd 6PROYATEY, onelorafiore catalyst
et hyl ene- propyl ene-bdtene-1 terpol yner.- - 29. The

syppoctsswhefeinithé ond 6r nvdre rcatalysitprée@asorsare chbserhfrom

nmononers is fed to the reactor at an upsfiream feed
mgtallogene catabysis, aonrmgtallogane gictalneentersdnieterearyt bgand

e reactor. at _one or re downstreamfeed entry
Cag%lyﬁé: awig%ts?‘ﬁ‘“?ﬁ‘é’“t‘&?@c @?PBS ¥ & mononer s fed to the
r eactgr ;
! han oM Bolyfer 1RaL 0 8 InANUIrE #ADidpEnt@RSMuid
phidse podymehenomsheraairtheeinh thetreaetpnrt and the one or

nore downstream feed entry ports, and wherein the .
concwherean thmresctasineludss a saeansdab Mipimizing back-mixing of the

olynmerj.zation systemin a first reactor zone in
Pl atipBsussm ty csptespdlyimie Soasritoation eradleiief20 wie or
mb?é“?n?lh fromthe upstreamfeed entry port of a

baffl'efree reactor is at |least 5% different fromthe

concwhereih tienpolynidreonasmration gaslicmie definedes thewpsélyemer

pol ymeri zati on system at the one or nore downstream
cangedtraiien yn the reactor effluent minus the polymer concentration in a first
reactor zone of a baffled reactor or at 5% of the reactor length downstream of the
feed entry port closest to the reactor head of a baffle-free reactor, and

wherein the Mw/Mn of polymer product is greater than 2.3.

17.  The process of claim 16, wherein the means for minimizing
back-mixing of polymer reactor content includes baffles angled to the overall flow

direction of the dense fluid polymerization system within the reactor.

18.  The process of claim 16, wherein the means for minimizing
back-mixing of polymer reactor content includes a length/diameter of the reactor

of greater than 5.

19.  The process of claim 16, wherein the means for minimizing
back-mixing of polymer reactor content includes a length/diameter of the reactor

of greater than 10.



ports. 30. The process of claim?29, further including

a tenperature gradient in the reactor of greater than
wQa3@9/18%30 A conti nuous process,for produci ng ppCHIe2089/003117

wi t h broadened nol ecul ar weidit™ distribution in a

honogeneous pol yneri zation system conprising: (a)

providing a tubular, a loop or a stirred tank reactor

Wi t h20mwo The ppbcest @141 1, wherel thehheameforngidimizing

reactor through the two or nore feed entry ports two
bagk-mixiagrafqulpmef ceatton candent inoludes bnfles angledito the overall flow

Tor e monomney s; .one or nore catalyst. s ens; .3
AgtTosnal e dlenis Thid BoLERSAARIONSY SN SYEAE TgisiSand a

' r I X conbi nati ons

leﬁ%&h?cé%ﬁe‘f%(éf@?r{e?ﬁtgy?gggﬁaéwgﬁ)gf a tenperature above

the solid-fluid phase-transition tenperature of the

pol ynmeri zati on system and a pressure no | ower than 10

MPa BEI owlhbprotessafstaint 1 frwbenginethsfpalyimer concentration

pal ynerj zation system and | ess than 1500 MPa, wherei n
ZRadieng &% 9 dvtYe QF MiCsystem for the reactor is in its

dense fluid state and conprises the two or nore
nononers, any diluent or solvent present, any

scavgpger Tﬁﬁgﬁé‘&tss ofRehibd €6 ROhMRHRI theReliifler coh&éftdtion
t he one or re catal yst syst ens conprise one or nore

giadienlt ys30 prt@€or amre, one or nore catal yst activators,
and optionally, one or nore catal yst supports, wherein
the one or nore catal yst precursors are chosen from

net oce cat al yst.s,. .non-net al | ogene net al -cent.ered,
et ot bar y B PLAGRSS Stelifle s GEIPRE cpfEM
gadicl Y$35wiv6f fidkeat | east one of the nononers is fed
to the reactor at an upstreamfeed entry port and at

| east one of the npnoners is fed to the reactor at one

or nore downstream feed entry ports, wherein the total
nunb4- of The poegess of elpimpl @,HehersictherMm{ My ghthepolymer

product is greater than 3.0.

25.  The process of claim 16, wherein the Mw/Mn of the polymer
product is greater than 4.0.

26.  The process of claim 16, wherein the Mw/Mn of the polymer

product is greater than 5.0.

27.  The process of claim 16, wherein the one or more monomers are
chosen from ethylene, propylene, butenes, hexenes, octenes, decenes, dodecenes

and combinations thereof.

28.  The process of claim 16, wherein the polymer product is a
polypropylene homopolymer, an ethylene-propylene copolymer, a

propylene-butene-1 copolymer, or an ethylene-propylene-butene-1 terpolymer.



upstream feed entry port is |l ess than the total nunber
of nononers fed to the reactor through the upstream
wo e@d/ 12180y port and the one of. nore downst r eaP@T/B82909/003117
entry ports; and (c) form ng & pol ynmer reactor
ef fl uent including a honogeneous fl uid phase
pol ymer - nononer m xture in the reactor, wherein the
concegt r artheprédesalofichafit 1@NehemivaElcastrorenef the monomers is
pol yneri zation systemin a first reactor zone in a
fedatbfthe deactercatan upsteeant foedosnint pedandfat least peaof dre monomers

. th f th t d ent t _of
iR 814 Fo9E10r DB O KBOHR A0 BRSO oA TUREROR om ¢ ne
concentr awth%fleiﬁfthé ftgérlnﬁglgﬁpﬁlte of RbRE FEPRAIR rehtol Bfrough the

pol ymeri zation sys one or nore downstream

upRRAne fddyenitB) port iaIeds Wl dlentotdl o fohondigeRdeyd W8 the

product is greater than 2.3. 32. The process of claim
redctbr thuoaughithe uipstrears foed rotrg poat aid/the anesoramerd downstream feed
the reactor conprise two or nore catal yst precursors

CIHFY PRES.Mdhor e catal yst activators, wherein at |east

f th t.al [ t

or o CSHERABER TP 4 36 Bab Mgt e
pdl§aRtiZatien QY stehfirtatiadtiehctdY $b8E™ h Baffeel Fdcidi®r at 5%
réactor at one or nore downstream feed entry ports of

dévestrezme bf thenvacwriength fromathe mpstreamdted anay yort of a baffle-
precursors or catalyst activators conprising.the
freqireacyerntis &) taash? Yndiffraenteliomathe songertratinn egﬁm spgggat least one
entry port is less t.nhan the total nunber of catal yst
miRpitr S0 e by piREelioh b A o SR Rar Qo SR B feed entry
p?ciyss'tem in the reactor at the one or nore downstream
eed entry ports, and wherein the concentrati on of at
| east one catal yst precursor or one catal yst activator
conponent of the catal yst systemin a first reactor o
zone30.n aThaprocess péatainr 2Srfugther incheding tartémmesaturhgradient in

reactor length fromgthe upstreamfeed entry port of a
thﬁ&?‘l"ﬁ@f’*%@%@é&%%i@' at least 5% different fromthe
concentration of the sane at | east one catal yst

precursor or one catalyst activator conponent of the

cat adyst Aysinginuais phecespfopprodachgisvinaicreamtf m@ddened
entry ports. 33. The process of claim31l, wherein the
m@bawgnwgghbdlsmblmon Bhg hopmgeneous polymerization system,

comprising;:

(a) providing a tubular, a loop or a stirred tank reactor with two or more
feed entry ports;

(b) feeding to the reactor through the two or more feed entry ports two or
more reactor feed streams comprising: 1) two or more monomers; 2) one or more
catalyst systems; 3) optional one or more scavengers; 4) optional one or more
diluents or solvents; and 5) combinations thereof,

wherein the reactor is at a temperature above the solid-fluid
phase-transition temperature of the polymerization system and a pressure no lower
than 10 MPa below the cloud point pressure of the polymerization system and less

than 1500 MPa,



nmonomer in the polynerization systemin the first

reactor zone in a baffled reactor or at 5% downstream
wo@Roovhe7seact or | ength fromt h)% upstream f eed BCI/DY2009/003117

port of a baffle-free reactor’™™s at |east 10%

different fromthe concentration of the sane at | east

one nononer in the polynerization systemat the one or

nor ewterdif e polynearib atiohr sy steo for thd4eackbeistindeedenseffluid state
claim 31, wherein the concentrati on of at | east one

amtbeemprisenthertwopen yeee mosoinmers.sanyt éilment or iselvieint present, any
reactor zone in &lﬁbaffl ed reactor or at 5% downstream

SCEVERET BEsIttodnd BERHYMEE AIOIREtupst r eam feed entry

port - r roj t 0

di f f‘é’?‘fg%e?“ ?’?%?#‘? Rfe hitie Egﬁ“?isgtsyét%“gsfc‘%‘ﬁéﬁ%eagnggg moge catalyst

prRB8rseRY) @R loririofd Eatalgk At vatars] id §%§éﬁﬂﬁton%hﬁ‘ A6k Edtalyst
nore downstream feed entry ports. 35. Thé process of

suppartsy ®hereihéhedne bhenarowataty stairecursorfs axe choset frome
nmonomer in the polymnerization systemri&ra ghe fir

metallocgne safalysts nonhmetallogene matdlrceite %‘:H&mﬁ{ig%

f e.r I t .upstream feed entry
el ph Pk P PRl SR S T oast 30
di  f @herdin bf Rkt O 6PHeSMbhSeAisHed t§ehS ARG at an upstream
| east one nononer in the polynerization systemat the :
feedenary port end anleastr @amof thednendmyrpisried to He rehtor at one or
process of claim 31, wherein the Mv Mh of the pol yner
mgrodovwnsirearyfeed entry ps3. 0. 37. The process of claim

ar eab Bt e e Migbertaf iR BRI 1o e Fifeion farough the
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e process 0 Im3 1, wherein the

reat@r ohirotigheheupstieda faédentippont diidtheasneydranere downstream feed
propyl ene, but enes, hexenes, octenes, decenes,
endrypedsieandand conbi nati ons thereof. 40. The process of

clai (I:‘)?forlr'hinvélhzg3 }r)g .yrr]netrhr%agt%lr Efleding Hg}ngl & hgmogeneous fluid
phase polymer-monomer mixture in the reactor,
wherein the concentration of at least one monomer in the polymerization
system in a first reactor zone in a baffled reactor or at 5% downstream of the
reactor length from the upstream feed entry port of a baffle-free reactor is at least
5% different from the concentration of the same at least one monomer in the
polymerization system at the one or more downstream feed entry ports, and

wherein the Mw/Mn of the polymer product is greater than 2.3.

32.  The process of claim 31, wherein the one or more catalyst systems
fed to the reactor comprise two or more catalyst precursors or two or more
catalyst activators,

wherein at least one of the catalyst systems is fed to the reactor at an
upstream feed entry port of the reactor and at least one of the catalyst systems is

fed to the reactor at one or more downstream feed entry ports of the reactor,



pol ypr opyl ene honopol yner, an et hyl ene- propyl ene

copol yner, a propyl ene-butene-1 copol yner, or an
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process of claim 32, wher ei 7 $He reactor further

i ncludes a neans for mnimzing back-m xing of the

pol yneri zati on systemin the reactor to create a

pol ywherei deetitalaiumbego Behitalyst pfec@fbord & cdtalyst activatdrs
wherein the polymer concentration gradient is defined |
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reasiog of 8k “eAevysierm ol tb%)reaf%rdlieﬁgth ophiheupstieam feed entry
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one or nore scavengers; 4) optional one or nore
catalysesiyissemnrat sitd ora1ds moradoS)nstreatn fead icatry pdres: eof ,

wherein the reactor is at a tenperature above the

solid-fluid phase-transition tenperature of the

o B5! bed b PRI TS B, BhESRLIG APgkRtEiod B st one
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the polynerization systémtor the reactor isinits
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fe@ﬁ‘énﬁ'ﬁ@&&a”y' one or nore catal yst supports, wherein

the o or nmore catalyst precursors are chosen from

34.  The process of claim 31, wherein the concentration of at least one
monomer in the polymerization system in the first reactor zone in a baffled reactor
or at 5% downstream of the reactor length from the upstream feed entry port of a
baffle-free reactor is at least 20% different from the concentration of the same at
least one monomer in the polymerization system at the one or more downstream

feed entry ports.

35.  The process of claim 31, wherein the concentration of at least one
monomer in the polymerization system in the first reactor zone in a baffled reactor
or at 5% downstream of the reactor length from the upstream feed entry port of a

baffle-free reactor is at least 30% different from the concentration of the same at



net al | ocene catal ysts, non-netall ocene netal -centered,
heteroaryl ligand catalysts, and late transition netal
W@ ai0ahysse; and wherein at le sé one of the car@i/ys1009/003117
systens is fed to the reactor’@dt an upstream f eed
entry port of the reactor and at |east one of the
catal yst systens is fed to the reactor at one or nore
ledomdied moabee ¢l tlﬁﬁ?dibynm[zt&ioﬁfsykfem hEeghetotie, onheredownstream
the total nunmber of catal yst precursors or catalyst
fegdtenbmyt pores.conpri sing the catal yst systemin the
reactor at the upstreamfeed entry port is |less than
the total nunmber of catal yst precursors or catalyst

actiyat or f t.al: '

the 8e orSares BRERILEM rUALRT I MIEMABP R pifymer
piodu@t R raatepthdie3.or eactor effluent including a

honogeneous fluid phase pol yner-nmononmer m xture in the

reactor,- - wherein the concentration of at |east one
catal yst precursor qr aqne_catalyst actjvator conponent

of tH& catlhfpeecesyof &laimn3 b whetgin thed¥iyMy gf thg polymer
bgff{ d reac%orﬁ at 5% downstream of the reactor

PRC H§ §Ee }Wé’ gsneamfeed entry port of a

baffl e-free reactor is at least 5% different fromthe
concentration of the sane at | east one catal yst

pr ecB®.sor The peoeess aff @laiat 3 hewhsr@iothedvivpdMire of tlef polyener
catal yst system at the one or nore downstream feed
prosueyisggeatsr thandS Bherein the Mv Mh of the pol ymer

product is greater than 2.3. 43. The process of claim
42, wherein the concentration of at |east one catal yst
Precy sor TRe lp%kee_sg %tf%léi?f 3 RGO h&REPTheCSHPORBEe RfonbRfers are
catal yst systemin the first reactor zone in a baffled
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andscembinasions tlyedf.f f erent from the concentration of

the sane at | east one catal yst precursor or one

catal yst activator conponent of the catal yst system at

the gge O?hgﬁf&e%’g?%%iﬁlaﬁ,f&ﬁﬁeﬁ{‘&w edg?ﬁﬁ:?. rétfucgﬁ‘a?
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polepEipyderee l@@h@hm&nm en ¢fipden@prapydeat Gpolsimedcd i vat or
conponent of the catalyst systemin the
propylene-butene-1 copolymer, or an ethylene-propylene-butene-1 terpolymer.

41.  The process of claim 32, wherein the reactor further includes a
means for minimizing back-mixing of the polymerization system in the reactor to
create a polymer concentration gradient of 20 wt% or more, and

wherein the polymer concentration gradient is defined as the polymer
concentration in the reactor effluent minus the polymer concentration in a first
zone of a baffled reactor or at 5% of the reactor length downstream of the feed

entry port closest to the reactor head of a baffle-free reactor.



first reactor zone in a baffled reactor or at 5%
downstream of the reactor length fromthe upstream

wo ewd/ 12180y port of a baffle-free reactor is apCT/E82909/003117
20% di fferent fromthe concentration of the same at
| east one catal yst precursor or one catal yst activator
conponent of the catal yst systemat the one or nore
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CQIBREEHE - or at 5% downstream of the reactor |length from
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is a grent“fromthe concentration
f&ﬁ%rﬁ@n@oxﬁ; | east one catal yst precursor or one

cat al ystacti vator conponent of the catal yst system at

t he (Mdeedingiodhelovactan thaonghethe tavet oxymooe feed ergry fows two or
process of claim42, wherein the Mv Mh of the polyner
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wherein the two or more catalyst systems comprise one or more catalyst
precursors, one or more catalyst activators, and optionally, one or more catalyst
supports, wherein the one or more catalyst precursors are chosen from
metallocene catalysts, non-metallocene metal-centered, heteroaryl ligand
catalysts, and late transition metal catalysts; and

wherein at least one of the catalyst systems is fed to the reactor at an
upstream feed entry port of the reactor and at least one of the catalyst systems is
fed to the reactor at one or more downstream feed entry ports of the reactor,

wherein the total number of catalyst precursors or catalyst activators
comprising the catalyst system in the reactor at the upstream feed entry port is less
than the total number of catalyst precursors or catalyst activators of the catalyst
system in the reactor at the one or more downstream feed entry ports; and

(c) forming a polymer reactor effluent including a homogeneous fluid

phase polymer-monomer mixture in the reactor,



concentration in the reactor effluent mnus the
pol ynmer concentration in a first zone of a baffled

w0 e@etie73or at 5% of the reactgr | ength downstPERISWNI/ 003117
the feed entry port cl osest ‘%9 the reactor head of a
baffl e-free reactor.52. A continuous process for
produci ng pol ynmers with broadened nol ecul ar wei ght
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systens onal ‘one Oor nore scavengers;

safe lch§iie QHiflySf prEufsod ok vaBicatalystHetivatdr Tongivhen} of the
conbi nati ons théreof, wherein the reactor is at a

catalypesystem at dooee bheareldioskrisinganh fekd satryrpomts, andn
tenperature of the pal Krreri zation systemand a

pr esWheEein ghe MwMpipfthe gohmachRnoduct eErerish thas? At

pressure of the polynerization systemand | ess than
1500 MPa, wherein the polynerization systemfor the

reacq®r i $hebrodcss dEReAnt 42 Whereat theddthceFRIibS ©F at st one
two or nmore nonomers, any diluent or solvent present,

caaly ssprearsype or pne vatdlystactivatoe coaiporent pf titueatalyst system in the
wherein the two or nore catal %/)st systens conprise one

fivst reaster zoneanyasbatfledsgretor or abie SpWhRsFeam O itharector length
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eteroary I'gand catalysts, and late“transition neta
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to the reactor at an upstreamfeed entry port and at
enteapertdne of the nmononers is fed to the reactor at one

or nore downstream feed entry ports, wherein the total
nunber of nononers fed to the reactor through the

44.  The process of claim 42, wherein the concentration of at least one
catalyst precursor or one catalyst activator component of the catalyst system in the
first reactor zone in a baffled reactor or at 5% downstream of the reactor length
from the upstream feed entry port of a baffle-free reactor is at least 20% different
from the concentration of the same at least one catalyst precursor or one catalyst
activator component of the catalyst system at the one or more downstream feed

entry ports.

45.  The process of claim 42, wherein the concentration of at least one
catalyst precursor or one catalyst activator component of the catalyst system in the
first reactor zone in a baffled reactor or at 5% downstream of the reactor length
from the upstream feed entry port of a baffle-free reactor is at least 30% different

from the concentration of the same at least one catalyst precursor or one catalyst



upstream feed entry port is |l ess than the total nunber
of nononers fed to the reactor through the upstream
wo e@d/ 12180y port and the one d’ nor e downst r eamaCT/B62909/003117
entry ports,wherein at |east” Ore of the catal yst
systens is fed to the reactor at an upstream feed
entry port of the reactor and at | east one of the
adtAlabdr/cOmporsdnt 68 the chtath st gystbm atahe bae oatmaorealownsireaen feed
downstream feed entry ports of the reactor, wherein
enthepoéds.al nunmber of catal yst precursors or catal yst
activators conprising the catalyst systemin the
reactor at the upstreamfeed entry port is |less than
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activators 0 St sys emin e reactor a
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plltozlgggg’a%?%ﬁﬁéa&l ﬂ% m nus the tenperature in the
reactor at the reactor exit port, wherein the reactor
i ncludes a neans for mnimzing back-m xi ng of the
pol y4&r i z&he procss ofwldim 42 eaheremn thel lylveMn of the polymer
concentration gradient of 20 wt% or nore, wherein the
prosughisreredsE dr 2 on gradient is defined as the

pol ynmer concentration in the reactor effluent m nus
t he pol yner concentration in a first zone of a baffled

reacior OThalhre&sebfichint $20WREreEtHY ShdOMdEE ﬁﬁfﬁo@ﬁers are

the feed entry port closest to the reactor head of

cliakh Ifeorh retley lerg giropy lenb cbetenes, e xenes; eotenas i devents, a:todecenes
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afd eembinationstheren® in a baffled reactor or at 5%
downstream of the reactor length fromthe upstream

feed entry port of a baffle-free reactor is at | east
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| east ‘one nmonomer in the polynerization” system at the
pOIRprapy | Efy Boropolini&dan fetigdesrprypylenéd sopolymer, a propylene-

butene-1 copolymer, or an ethylene-propylene-butene-1 terpolymer.

51.  The process of claim 42, wherein the reactor further includes a
means for minimizing back-mixing of the polymerization system in the reactor to
create a polymer concentration gradient of 20 wt% or more, and -

wherein the polymer concentration gradient is defined as the polymer
concentration in the reactor effluent minus the polymer concentration in a first
zone of a baffled reactor or at 5% of the reactor length downstream of the feed

entry port closest to the reactor head of a baffle-free reactor.



wherein the concentration of at |east one catal yst

precursor or one catalyst activator conmponent of the
w@210al1y580 system in the first reactor zone i n BChuH$fb®a3117

reactor or at 5% downstream™f’ the reactor length from
the upstreamfeed entry port of a baffle-free reactor

is at least 5% different fromthe concentration of

t he- 52, sapecaitinueas process €a produiciny pelyhsds with broadened

catal yst activator conponent of the catal yst system at
moleeudareweightrdistribiativns in @ honfagsacews pylypurizatioarsystem,
wher.ein the MV Wh of the pol yner product is greater
CQIRBHSYEZ3. 53. The process of claimb52, wherein the

tenp . [ [ r.e ' '

coor fgrlGidt ARl opBor SR ik EAOL AR P or more
fed cpfyeydrtd the reactor. 54. The process of claim 52,
wherein the tenperature gradient in the reactor is
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heat exchange through the reactor walls. 55. The
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i.n.the reactpor | Vi i or
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exchange through the reactor walls.” 56. The process of

cl ai whbiin Wiereactortie apa tahpermtyeabosntthe solidvdluiéact or

is greater than 35C. 57. The process of claimb52,
Phaserteansitiammisanparatuse §f the pelymerizagionrsystemand 8 pyesarepo lower

th . 1+58... Th ocess of claim52, wherein :
g 1OJVLE el e R BOTRE Reputtc e oy PEGEGIch pugtem and tess
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I ncl wieeibh#did pelynmrgdatidntsysteine forvibeatactdt vindts dertse dhuid state
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scg\elgrqlgserfporgserlrlit,nailnrg ﬁlienp%lymer product,

wherein the two or more catalyst systems comprise one or more catalyst
precursors, one or more activators, and optionally, one or more catalyst supports,
wherein the one or more catalyst precursors are chosen from metallocene
catalysts, non-metallocene metal-centered, heteroaryl ligand catalysts, and late
transition metal catalysts,

wherein at least one of the monomers is fed to the reactor at an upstream
feed entry port and at least one of the monomers is fed to the reactor at one or
more downstream feed entry ports,

wherein the total number of monomers fed to the reactor through the
upstream feed entry port is less than the total number of monomers fed to the
reactor through the upstream feed entry port and the one or more downstream feed

entry ports,



back-m xi ng of polynmer reactor content includes a
| engt h/di aneter of the reactor of greater than 5.0.
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i ncludes a |l ength/dianmeter of the reactor of greater
than 10.0. 62. The process of claim52, wherein the
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rocess of claimb52, wherein the concentration of at
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wherein the polymer concentration gradient is defined as the polymer
concentration in the reactor effluent minus the polymer concentration in a first
zone of a baffled reactor or at 5% of the reactor length downstream of the feed
entry port closest to the reactor head of a baffle-free reactor,

wherein the concentration of at least one monomer in the polymerization
system in the first reactor zone in a baffled reactor or at 5% downstream of the
reactor length from the upstream feed entry port of a baffle-free reactor is at least
5% different from the concentration of the same at least one monomer in the
polymerization system at the one or more downstream feed entry ports,

wherein the concentration of at least one catalyst precursor or one catalyst
activator component of the catalyst system in the first reactor zone in a baffled
reactor or at 5% downstream of the reactor length from the upstream feed entry

port of a baffle-free reactor is at least 5% different from the concentration of the



nmonomer in the polynerization systemin the first

reactor zone in a baffled reactor or at 5% downstream
w@toowhe7seact or | ength fromt h)% upstream f eed BCIL/D§2009/003117

port of a baffle-free reactor’™®’s at | east 30%

different fromthe concentration of the sanme at | east
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ent.r orts., 70. The process of claim52, wherein the
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sane at | east one catal yst precursor or one catal yst
threugh, tiegractorpsilsnt of the catal yst system at the one
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claimb52, wherein the concentration of at |east one
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of the catalyst systemin the first reaCtor zone in a
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thﬁ?‘ééh%JFaq}Prgﬁélscat al yst activator conponent of the
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entry ports. 72. The process of claimb52, wherein the

My M6.of The ppsdegsref cliiodil;twhearer Raiparatubagradliént in the reactor

is greater than 35°C.

57.  The process of claim 52, wherein temperature gradient in the reactor

is greater than 50°C.

58.  The process of claim 52, wherein temperature gradient in the reactor

is greater than 65°C.

59.  The process of claim 52, wherein the means for minimizing
back-mixing of polymer reactor content includes baffles angled to the overall flow

direction of the dense fluid polymerization system within the reactor.



73. The process of claim52, wherein the MV Mh of the

pol ymer product is greater than 4.0. 74. The process
W@B00ei142760 52, wherein the Mv of the pol ynmerP@r/ose09/003117
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61.  The process of claim 52, wherein the means for minimizing
back-mixing of polymer reactor content includes a length/diameter of the reactor

of greater than 10.0.

62.  The process of claim 52, wherein the means for minimizing
back-mixing of polymer reactor content includes baffles angled to the overall flow
direction of the dense fluid polymerization system within the reactor and a

length/diameter of the reactor of greater than 5.0.

63.  The process of claim 52, wherein the polymer concentration

gradient is 25 wt% or more.

64.  The process of claim 52, wherein the polymer concentration

gradient is 30 wt% or more.

65. The process of claim 52, wherein the polymer concentration

gradient is 35 wt% or more.

66.. The process of claim 52, wherein the concentration of at least one
monomer in the polymerization system in the first reactor zone in a baffled reactor
or at 5% downstream of the reactor length from the upstream feed entry port of a
baffle-free reactor is at least 10% different from the concentration of the same at
least one monomer in the polymerization system at the one or more downstream

feed entry ports.
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67. The process of claim 52, wherein the concentration of at least one
monomer in the polymerization system in the first reactor zone in a baffled reactor
or at 5% downstream of the reactor length from the upstream feed entry port of a
baffle-free reactor is at least 20% different from the concentration of the same at
least one monomer in the polymerization system at the one or more downstream

feed entry ports.

68.  The process of claim 52, wherein the concentration of at least one
monomer in the polymerization system in the first reactor zone in a baffled reactor
or at 5% downstream of the reactor length from the upstream feed entry port of a
baffle-free reactor is at least 30% different from the concentration of the same at
least one monomer in the polymerization system at the one or more downstream

feed entry ports.

69.  The process of claim 52, wherein the concentration of at least one
catalyst precursor or one catalyst activator component of the catalyst system in the
first reactor zone in a baffled reactor or at 5% downstream of the reactor length -
from the upstream feed entry port of a baffle-free reactor is at least 10% different
from the concentration of the same at least one catalyst precursor or one catalyst
activator component of the catalyst system at the one or more downstream feed

entry ports.

70.  The process of claim 52, wherein the concentration of at least one
catalyst precursor or one catalyst activator component of the catalyst system in the
first reactor zone in a baffled reactor or at 5% downstream of the reactor length
from the upstream feed entry port of a baffle-free reactor is at least 20% different
from the concentration of the same at least one catalyst precursor or one catalyst
activator component of the catalyst system at the one or more downstream feed

entry ports.
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71.  The process of claim 52, wherein the concentration of at least one
catalyst precursor or one catalyst activator component of the catalyst system in the
first reactor zone in a baffled reactor or at 5% downstream of the reactor length
from the upstream feed entry port of a baffle-free reactor is at least 30% different
from the concentration of the same at least one catalyst precursor or one catalyst
activator component of the catalyst system at the one or more downstream feed

entry ports.

72.  The process of claim 52, wherein the Mw/Mn of the polymer
product is greater than 3.0.

73.  The process of claim 52, wherein the Mw/Mn of the polymer
product is greater than 4.0.

74.  The process of claim 52, wherein the Mw/Mn of the polymer

product is greater than 5.0.

75.  The process of claim 52, wherein the one or more monomers are
chosen from ethylene, propylene, butenes, hexenes, octenes, decenes, dodecenes

and combinations thereof.

76.  The process of claim 52, wherein the polymer product is a
polypropylene homopolymer, an ethylene-propylene copolymer, a

propylene-butene-1 copolymer, or an ethylene-propylene-butene-1 terpolymer.



