POLYMERI ZATI ON PROCESSES FOR BROADENED MOLECULAR VEI GHT DI STRI BUTI ON  FI ELD
[ 0001] The present disclosure relates to the field of olefin polynerization.
It nore paotzo@ul42r3by rel ates to nmethods for produci ng pecyraseexiing

br oadened nol ecul ar wei ght and/ or conpoértion distribution. Still nore
particularly, it relates to continuous processes for producing polyners

w t h broadened nol ecul ar wei ght and/ or conposition distribution in a

hormlgleneous pol ylrremmemmmN BROGIESEND HORAZREADENTEDPr oduced from
net al | ocene catal ySts a Her arf nerally produce

pol ymers with narrow rm:lq LARWEIGHT® E #(%%g desi gnat ed MAD),
commonl y characterized by the ratio of wei ghtaveraged/ nunber -aver aged

mol ecul ar pygp ghts (M/ M), in well-mxed reactors. For exanple, the MN M
val ues fo mers made with netal |l ocene catal yst systens in honbgeneous
pol ynmeri zation nmedia are typically close to the statistically expected

val ue of 2060K]f or Th&rekRne disulodite atlatet @ ihecfeld, oZoRglrepolyatdrizationd Iit her
ol efin polymerization catalysts see J. Scheirs, W Kam nsky, Ed.,

" Met al | oc emzre Bpartigulaolyy atlatésn o  muthiody , foxeprodocing podomems. with Mseadenedr . |

Ed, "Pol ypraopyl ene Hapndbook", Hanser, New York, 1996, L. S. Baugh, . J..A M
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conposition distribution. The conposition disttibution’is the distribution
of nonomer conposition and/or crystallinity from polymer nolecule to

nol ecule within the bul k polyner. For, exanple, isotactic polypropyl enes
made wi t h BAEKSHIRQUMNBD730PCT/ US2009/ 003117 - 2 -

[0002] Polymers produced from metallocene catalysts and other single site
catalysts generally produce polymers with narrow 1h61ecula1"’weight distribution
(also designated MWD), commonly characterized by the ratio of weight-
averaged/number-averaged molecular weights (M,/M,), in well-mixed reactors.
For example, 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 (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



Ziegler-Natta catalysts often have MV M values as high as 4-6, and a broad
crystallinity distribution. [0003] Wile narrow MAD and narrow CD generally
conveyed W9 20@¥i@aki3ocene catal ysts nay be advant ageous i mCTarseooapmititati ons,
there are certain applications where arfarrower MAD and CD are del eterious,
for exanple in nelt processing and solid state processing (orientation) of

polynmers. In particular, in filmprocessing and fi ber processing

appl i cat i fisglep-Ntd2aosalysed efiehahaveMpMivaludsbas indgh psodicdeadpar bioadl ar
advantages in both nelt processability and orientation processability.
Prior-art caystaldiadtyetisttibutionoadeni ng nol ecul ar wei ght di stri bution include
i n-situ approaches, such as utilizing series or parallel reactors and al so
the use of m xed catalysts. Mli-hblending in an_gxtrude

f |
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site type peadesbingt ands solad stave procbssimgp@ricmeation)i dfipalyhrepsiddn paotiedat,an
wei ght distribution in a continuous_ honogeneous pol ynerization process.
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and also the use of mixed catalysts. Melt-blending in an extruder of polymer

components with differing distributions of molecular weight to provide for

broadened molecular weight distribution is also widely practiced. These prior-art

methods for broadening molecular weight distribution add both process

complexity and cost.

[0004] Hence, there is a need for alternative approaches to tailoring the MWD
and CD of polymers produced from single site type catalysts so as to produce
polymers with a broader molecular weight distribution in a continuous

homogeneous polymerization process.

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



- 3 - or astirred tank reactor with one or nore feed entry ports; (b)
feeding to the reactor through the one or nore feed entry ports one or nore
react or fwedo®/wemns conprising: 1) one_or nore nonomer CTA)S2@O03M7 NOr €
catal yst systens; 3) optional one or more scavengers; 4) optional one or
nore diluents or solvents; and 5) conbinations thereof, wherein the reactor
is at a tenperature above the solid-fluid phase-transition tenperature of
the pol ynefiaz gfifred taNereaetandvith PneSet heore ofecdvértry parts1@bMPeedieg aw thbe

cl oud point pressure of the polynerization systemand | ess than 1500 Mra,
wher ei n t beacpar threugly titel ome oy srozenféest enting polacingr o morgréactordieand strepmisd
state and conprises the one or nore nononers, any diluent or solvent

present, SANPSSHZEngHr OBE cdeMOTE JRANPIMETS of )y RBE U BMTEL CatRhyst 8YHEMSe Hne or
nore cat al yst ens, co ' e t I e nor e
cat al yst gﬁﬁ#’{@tod}es?r @Rﬂeng%{vi%gﬁgﬁgr @) Bgﬁgﬁ%r&%o@e%gé gﬂ@%ﬁ : ?85%18?6? gg,’ afl erein
the one ok) MBhikAIGHY Serddfe WHepEhStha 18atBPIL At hlteipeRitald MEREtHeadotdist S,
nonmnet al | ocene netal -centered, heteroaryl |igand caftal ysts, and | ate

transi ti ofluidphhsestrhnditioh Igmperhtre) of the palymarigetigmsysternanda préssuoeno

i ncludi ng_a honogeneous fluid phase polymer-nononer m xture in the reactor,
wher ei n alawerpthaat L} MBa helawihe glg p@@a@r%ﬁsur%ggﬁ%pekymﬁmtmymrei n

the tenperature gradient, s defined.as the tenperature in t.he r t.or. at 5%
of “the. T ot dr% BaBtouml MER P R Re s EABBR Y Hle B WA RS il or
exit port; g\k@;- i t AfHImd : n

2. 3. [Ooogfzd‘t?lart elra gggg?%oﬁrgegrtggeﬁﬁ gims%f:lcl)%;ure reélrg’t gfgﬁf&gﬁ{:nmﬁ

cont i nuousolpencprSeipanprsedveigey ppedeytedrs thiet polpmeageoductnoiheceihahe wae ght

and/ or conposition distribution in a honogeneous pol ynerization system
conpri si n@r merp ¢atalysdsysiems Comprise, one PHIPISrcaalysh presUrsoERkoOneat fewi t h
one or nore feed entry ports;.(b), feeding to the reactor, through . he one or
nore f eedcﬁtﬁ[ylss a BY?tQ}l%r?éldo?pt’r?éﬂabyr 83?:95?“@&9?@’?'%%0&3;7&“6 %Hg}fle Pfone
or nore o] ; e S ' [ 1 e fyp-nore
Scavenger o Trg pe BT PR B TiKSkn: SRF i loQl' 4By 0e R
conbi nat i gfsalld@heahetaMeentired, titeroaglt Wgarids catalyatd, eimplelatd tiragsizionvidetdie

solid-fluid phase-transition tenperature of the WO _
2009/ 14278aRystdysasbo)ofigming -a polymer seastarzeffluent dpeludingaadhempgengouse no

| th 1 bel th | oud i nt ft | i zat |
Cover thap 3¢ Jre belou he ot Bl pogsu el e polymrLzation
reactor | %{d(ﬁeﬂtt in ffl%n{e cfdr4s %réﬁt@% Sha'? 58 RhkRES th@%ﬁ%ﬁaﬁ?ﬁr@fa icHt"ig"er s,

any dilue or 'sol vent prese any scavenger present, e~pol ymer
product, WbRh&d Astthe tempefdturiITe tikatedcysit atSyB) 6BhE @EaUtOS ferpile rAinusTthe
catal yst precursors, one or nore catalyst activators, and optionally, one
or nore cémapgrature ip e reactohatrtbereadter oxié port, randewbenean i K’bwé\iur dhe are
chosen frogi nmet al | gcene catal ysts, _non-netal |l ocene netal -centered,

het er oar y POVYMEIRIOgUs IS e pater 33te transition netal catal ysts; and (c)
formng a polyner reactor effluent including a honogeneous fluid phase

pol yrer - rom e iLn the.reactor rein react or,. i pcl

reans. f or WU o& fHbEE hrekon edreRin oMt re bR Sluhis Pt o
POl yITer. c R BREdRIDE ol ML it fhréidedld RlolcBlAr v taRYR) NodrifofiabiTer
concentratioh gradient 1s defined as the polyner conCentration in the
react or etfstrileutionrimnashdneggrbyspolyneadeatiorasystémi comprisirsg: (®aeriovidingne of
a baffled reactor or at 5% of the reactor |ength downstream of the feed
entry por 8 tubelansa leep ona staaed Gankheesgtast withrerre pemoredeed £atnyr podsidb)

wherein t Mv/ f I dyct i t t 2.3. 10008] Anot h
Aspect of RN BBk FarE et 1Bt andoSk TR Getl Rt optooneedt o
produci ng . i} Y TRIcH %éﬁn?rc%ﬁg& T} LoHE a5 WRIrghoRBAlerS; SPBRESH hitte
di stribution 1 n a honbgeneous pol'ynerization system conprising: (a

provi di ngcatalysbuletemsa 3)oeptidial okt of nestet svalvengas] d) optidnal waeosr mure feed
entry ports; (b) feeding to the reactor through the two or nore feed entry
ports twodduentprer selyents; ansed) sombinatiemrphdrepfgwheyein ibe oreagor eisngindner s;
2) one or nore catal yst systens;..3), opti gnal one.or re scavengers;, 4)
opti onal BARPFRIUWS, V€uehtts 8?1@'51‘\} nté}asﬁﬁﬁa@}tl%g&emﬁ%ﬂ%e t Rér dBF
wherein the reactor is at a tenperature above the solid-fluid
phase-transition tenperature of the polynerization systemand a pressure no
| ower than 10 MPa bel ow t he cl oud point pressure of the polynerization
system and | ess than 1500 MPa, wherein the polynerization systemfor the
reactor is in its dense fluid state and conprises the



WO 2009/ 142730PCT/ US2009/ 003117 - 5 - two or nore nononers, any diluent or
sol vent present, any scavenger present, and the pol ynmer product, wherein

t he one oworoestl4eEbal yst systens conprise one or nore c&CAIVLEM0900HCUr SOT S,
one or nore catalyst activators, and opﬁronally, one or nore catalyst
supports, wherein the one or nore catalyst precursors are chosen from

net al | ocene catal ysts, non-netall ocene netal -centered, heteroaryl |igand
cat al yst s poBifleriaitiont Eydteint and arpiesbuahal lpstes; thuhereiMPatbdleastheocleoudf t he
mononers is fed to the reactor at an upstream feed entry port and at | east
one of thpoinspwessuse of the golymeriratiosasystam anddess dannkH0d ﬁﬁ%ms’fheéalm thged

entry ports, wherejn the total, nunber .of nononers.f.ed to the reactor
Chr ough t REIRRRABIoN LM Rt L5 FRIor 3 in dB0gas A St and SRmRrsidhe

nmononers f r f he
one.or moPlC abeETubeREE, bR iGhRHL b SolvaR bRRRe RS ElV ke Bkl nt T
effluent ChINNG FrodRdBIeRERUS tHd bhél dPhAsR: BathlIEKySRARNEIMPri¥ WhE orn t he
reactor, wherei'n the concentration of at |east one nonomer in the

pol yner i zatdrercasalgstepneicnrsars,i orst or exwt cratalysteadtivasotsahnid expticmatlyponerorat 5%
downstream of the reactor length fromthe upstreamfeed entry port of a

baf f | e- f r BX0TE A5t SUPRATtS, S¥agreinAhe PRGOEHNOFG GARIYRE RIBGHUEARS #fici hPSER t he

sanme at | east .one.,mnorer . i,n the pol ri i t re
donnst  cafitrb i GHPED DAY tn aoAu B AL MR TR AR A B omef 1kalics
is greate : i idiall LhthliREs; 3HRCE) @i PHERA flagfrosur e
rel ates tga%négkﬁﬁrﬁu%%gqgﬁgﬁéﬁ foarl %%ggﬁcsi’ng pgcf)ymer slk%i tE roz;'derz:edr

mol ecul ar efffuegivtinelndingy acliomogéridons filidt phdsetpalpmen-nommmeg engturs in the

pol ynmeri zation system conpri si.ng]: (a) providing a tubular, a loop or a
stirred tsedctoreaheseinviherreackor dnclidesafmaeanselarinioiziag hasgk-mbdaemf e t he

(e2tor ARG 1B ERERRE I RIhEY SERLTCAR BB L 28 o

syst ens; P | r . .ont i
i Tuents SorEOhd s SRR pOTPhRy TORLANRRICH AR SalTinel R O iR 1
at a tenpesadantiatiohoinettienfeaztdri effffient dniphsshe tpaiyisiet iconcewgteorniniaefiedt t he

pol ymeri zati on system and a pressure no | ower than 10 MPa bel ow t he cl oud
WO 2009/ 1nezesoroneugobefftairengtor @ at Sjeioftthe reaston length dawngegmeatithat i on

system and |ess than 1500 MPg, wherein th ol ymerizati on systemf.or . the
eactor | SeahepePaRAEeRt i Hectearior BRa G ANAILER e PasiiE: RO MREe RhEner s,
any dilue wﬂ\rfln%@ M ePbF(?cﬁQ:ttis é’l@é e?qurfﬁ%e.r present, and the polynmer

pr oduct, &rern the twolor more ca{ al'yst "Systens conprise one or nore
catal yst precursors, one or nore catalyst activators, and optionally, one
or nore CH(URYSt ARHOMRF bSpecthtdtRe PréfRat ARRIRUréREISeS b &l dHtinkioBs Pré&¥ss are
chosen from netal |l ocene catal ysts, non-netall ocene netal-centered,

het er oar yforl prahdingtpolymess vadtid braadenedansil¢dudar metight end/a@ir ysdmpositidn
wherein at_ |east one of the catal yst systens is fed to fhe r?actor, it an
upst r eam FEEPWHIT i AdiomegencrEs PORENSHZAHM SYSIPBaPMPEISING: {HPIONIHNG st

systens ig f to the reactor ne qr nore downstream fee Perts of
the. react rebilab-aiobR RE 3 §ffisd lark:ferller RUB ANLDF IR kB RS b it I8)
activator kb S e | h CaGrPr am
feed ent r?}e eg(‘;)}?%) té|) :thlegrseéeﬁ)ﬁg%}%%ﬁ:t%fg‘ii’bng}nbng?&ofee?at al ysgt&E)sr E\Bﬁr%fgrﬁisdrgr

cat al yst aguctoraferdsstedanhd eongiridiygt by swenoi mdrbemoaentess; 2} ohbeoronsror

nore downstream feed entry ports; and (c) form ng a polyner reactor

ef fl uent Fafelystiskgiermshenooetimal o ar dncpmawvs@ggrﬁieﬁs) Renal ORCX@IMOTEN t he
reactor, erein the concentration.of at |east pne catalyst precursor or
one. cat al UReS con, S05FR S A ahcoBroinadons, Eipef "SpERIR R R RF o “foact o
zone in a C¥: Toiifoly a : I ngkh om

t he upst r}aégl?ﬁré@geent ry po?{e 0 Ogﬁ/obfgngéqdr%gg} %gg}gr tle@f)g{t')‘{wtezst% %‘%ﬁé

di f f er ent pblyaneriZzaciononaedrhr atd anpisurkens doweatthhedt MPe beddwl thet cloud
precursor or one catalyst activator conponent of the catalyst systemat the
one or nopeind pigrsurecafiticcpolymarizatiporsystennanad dpssrtban 1508 M%/dwl@rem e

pol ymer product.is. Breat er fthgge 2.3, [.0010J stild .further aspect of,the
present dPSRMiIFABORYSam fopthe reaftar b dhdtsfemse Swid stath Agd FAmRFISsS| Yrer s
wi t h broadened nol ecul ar wei ght and/or conposition distribution in a
honbgeneous pol yneri zation system conprising: (a) providing a tubular, a

| oop or a stirred tank reactor with two or nore feed entry ports; (b)
feeding to the reactor through the two or nore feed entry ports two or nore
reactor feed streans conprising: 1) two or nore nonomers; 2) two or nore



WO 2009/ 142730PCT/ US2009/ 003117 - 7 - catal yst systens; 3) optional one or
nore scavengers; 4) optional one or nore diluents or solvents; and 5)

conbi nat iwoo0wheesof , wherein the reactgr is at a tenperararseotaaie’ t he
solid-fluid phase-transition tenperature of the polynerization systemand a
pressure no |l ower than 10 MPa bel ow the cl oud point pressure of the

pol yneri zati on system and | ess than 1500 MPa, wherein the polynerization
syst em f okwb g ni@Rahenoiners, Ankytidiludanse sdélventpesatte aandcaanget pessehhyandwo or
nore nononers, any diluent or solvent present, any scavenger present, and

t he pol ymre polyguert proghet, evhereire thenoneror rapee eatehisy SySterst GHBPUSHPRE ¥ one
or nore catalyst precursors, one or nore activators

i |
e tat St Sl TR CURREL T PR RCART HhiahETts, 380 Qftianglg, pte ga” ©
n f t : tabe d
o or bar A A ST et a0 BT ahbAE EAGIIVE o fiShiCE R chosen

het er oary I'gan _ catalysts, erein
at | east @ien GhetalllocoRd UaRdl§sts S noddmetllotend anelabcenterad) hertdaamligaad
entry port and at | east one of the nononmers is fed to the reactor at one or

nmor e downsatabsts, fanddatertransifhon nstaltesalyists; whereiotadlleast operofdhe monomeers f ed
to the reactor through the upstream fee ntry port is |less than the, total
nunber of 15bedder ther BRacteyy ahany BH%tf‘Eﬂmtﬂ’Fguﬁ‘ﬁX Hlprhﬁé‘gr é'éjr?qsée‘?f‘eeﬁgrt}}‘eport
and the one. or r S e . i of
t he cat al &qn%g)l/%?eﬁsfé:&!{'q g@@?g%%rﬁgdart e(g}%é{ éf Rﬁ{) ;e:quo%girr%gg]m eedegﬁgrkt‘?(?ﬁ%ort

of the regffedinahe Btall RARDeOBE MdndhersCRidaY e st MhrdoSgH e6e LPsrédm
reactor at one or nore downstreamfeed entry ports of the rteactor, wherein

t he tot al feadnbetry gbort ait dleys thar eheirtetal snuomberabélmenomets Yed dostheorgaciasi ng
the catal yst systemin the reactor at the upstreamfeed entry po%qtl is |less
than the thyeugh dherypstream dgedieptiy parband dbe oneordperg gwnafé%qmaf? §DBY t he

catal yst system in the reactor, at the one.@r r 0. t e Ly
or t52 andogisy e foh REmiE et b Mer e3iord Sefb T eRELidhY AdiHICk RS JIHED s
fluid pha?ﬁa@%&’l&%e‘r%ﬁﬁﬂﬁfer ThisdttieSinl thel RAciR2WHekeinhe! &rteAtrhfOR YTl Ur €
gradient in th eactor 1s greater than 15C, wherein the tenperature

gradi ent ieastiefid nemhoasertingh¢ pobeneatization systdie in aditsbreagtors¥énefintaleaffledct or
|l ength mnus the tenperature in the reactor at the reactor exit_ port,

wher ei n t FeaCEQaQt af SYndpwastecamnebaths reaetarilangihziram Bwcupstreamdeed cphy

pol ymeri zat i on. sys to create a pol r ncentrati,on gradient of. 20 wt %
br W0 2061 oA SRR Fod 668Pb oy 3 sy 3% ofifERT R e HHEniERopat B8
concentr at} r adi [ j n ' [

eact or oftiact Rt Bhe Moich &% PORTRAMTED SAGADM Bid He & hite

baf fl ed r dasinstresin fabd THigf portg andawherein eg Miwddnnst theapolyndripgotieedisent ry
port closest to the reactor head of a baffle-free reactor, wherein the

concent r agreaterdhamf.3.east one nononer in the pol ynerization systemin the
first reactor zone in a baffled reactor or at 5% downstream of the reactor

| SQ?Eh“s,ﬁ/Z :ﬂq%ﬁ_?e“ 3D NG St Y BE RSFOROR THAORMRIEIAISY dadt SOHRIROer
or 5. wnBIGER (fr SRRITbEaPRbhES A0 ChrREReSCRRIPORRT hERhuCaly 0

cat al yst @5&@@&% GRITPSRRH iPfa hOMogBh@SShoISWrBatioR $y3€erh] E&8MprRaAH:Or
zone in a baffled reactor or at 5% downstream of the reactor length from
t he upst r é@mprberiingattubulanra loop ar dstifréd tdnkeeacteastitr tws oamoredsed satry
different fromthe concentration of the same at | east_ one catalys

pr ecur sor PeFts;othe fegdingyter thgaepgtar shravghpbsdio or mase feed gnirytp %Vé%oéit t he
one or nore down%tr agl feed entrérigl%rtgla and Wne;ei nnt hee M/\éj\@yof thoe

pol ymer prOdE.é?a“i grgqﬁ AEATSHNBrIZNE ﬂW@?g_%m St ea_%%gl 4Kd
attribut ega@fyst @%@gﬁg'r};go iSHA GRS 88 rhdre gHa%H%eﬂamc& [Bad oMet br Bigradened

nmol ecul ar wei'ght “an osition distribution and”their advantageous
appl i cat i dilgemtsdérosolvens; vind Sheompipiantons fthergof, hwhdedini thedredetoer ispati an
that follows, particularly when read in conjunction with the figures

appended FrmpsraturgRr| #toveESHR Pyelids ford THEhasrAwmed®n  temperature ~ of  the
polymerization system and a pressure no lower than 10 MPa below the cloud



[0012] To assist those of ordinary skill in the relevant art in making and
using the subject matter hereof, reference is nade to the appended

dr awi ngs,wotersi4zz30[ 0013] FI G 1 presents an Arrheni us plrot/usesoobzai1tegr ee
of polynerization (Pa) of polypropylené%made in supercritical polypropyl ene
usi ng MAO acti vat ed '
01- di net hyl si | yubi s(2- net hyl - 4- phenyl i ndenyl ) zi rconi undi chl ori de (Q Zr-MAO
at 30 Kkpsipoint\Wee009 bt 42 ORISR0 bnd-less thahOB0] MG, whareinsthet s
the effect of polynerization tenperature on the nol ecul ar wei ght and

mel ting peakymemngadicat systeroffop the praspar isria itsadrnsefluidséate andi eainprises the

pol ypropyl ene usi ng MAO acti vatg

(11- di et RPFSFIYPIFINSROMEES ﬁwﬂl@wehw PORYERY RIESE o ANY, A ANCOGEDPTEIENT and

ng 5; Og/ﬁlo)él}]eg%?nr%(/%ﬁ %rl%tghlg‘%wﬁﬁrglr{ 8% K08 0r mbAPLahF)sEsysteRlseSsprsd BRe & ect
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, wherein the
concentration of at least one catalyst precursor or one catalyst activator
component of the catalyst 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 catalyst 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



pol ymeri zat i onof supercritical propyl eneusi ngMAG act i vat ed

(j.1-di methylsilyl)bis(2-nethyl-4-phenylindenyl)zirconiundichloride

(Q Zr -MAQyoabo9lldeBoand 69 and 138 MPa (10 or 20 kpsi, respastoogabiy?
[0016] FIG 4 depicts an exenplary scherdtic of a stirred tank reactor with
baffl ed zones and nultiple injection ports to create gradients of

t enperature and/ or concentration of nonomer and/or polynmer. [0017]FIG 5

depi ct's agaRiRIyafems CEoPLional 0dne of trhbfee Scdvenlgerse gt eptioval forkads neste
j acketed zones and multiple injection ports to create gradients of
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pol yners phafitedsuse BPFH@E@%&%&ON RRtent uAdi iR HanCl 300 VD RHcRBiR thes PP,
atactic pol ypropyl ene aPP,” or propyl'ene-ethyl ene copol ymner).
polymerization system for the reactor is in its dense fluid state and comprises the
two or more monomers, any diluent or solvent present, any scavenger present, and
the polymer 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, 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, 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
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greater than 2.3.

[0011] These and other features and attributes of the disclosed processes for
producing polymers with broadened molecular weight and/or composition
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.



pressure can be determ ned by pressure reduction at constant tenperature
starting frompressures at which the polyner is fully dissolved in the
fluid reaw0Oi2o0p/mesoum At the onset of the formation of paTaskéod/opzaahynmer
phase, the honpgeneous fluid nmedi um becones turbid, which can be observed
by eye or can be detected by shining a |aser through the nmedi um and
detecting the sudden increase of light scattering as described in J.

Vi adi mir @homgi r afFIG. DPaprcyentanthel effect Pohtpalymetizatioy, te@iperatuReson 2he
(2000) 4627. [0025] The cloud point is defined as the pressure bel ow which,
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becones turbid upon pressure reduction at constant tenperature as described
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the pressure’at the onset of rapid increase in light scattering for a given

tenperature. [0026] A higher a-olefin is defined as an a-ol efin having four
or nore clB] atpPrG: BOOgréh&leky e zgtécdn dncpopeiees edtwepsibiMEni zthki on
reaction such as honopol yneri zati on and copol yneri zati on. )
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0029] T c,.T
G oups i s(ksbaetylylbis@emethylcpbemnlindeuylzacontim NG NEWS, elighlpride 7
1985 ) (3-Zr-MAO) at 130°C and 69 and 138 MPa (10 or 20 kpsi, respectively).

[0016] FIG. 4 depicts an exemplary schematic of a stirred tank reactor with
baffled zones and multiple injection ports to create gradients of temperature

and/or concentration of monomer and/or polymer.

[0017] FIG. 5 depicts an exemplary schematic of a stirred tank reactor with
baffled jacketed zones and multiple injection ports to create gradients of

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

[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
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di scl osedtédmpeiature$ QO3S || Rtarc dofinbdrds thef ¢empemtureeatc oviicinat isohdopolyimer
pol yrer | Z?i%sisglnverseig%lg r.31slrri0\rlnding dense fluid medium) are often not the same. In fact,
the dissolution of solid polymers typically requires significantly higher
temperatures than the solid-fluid phase transition temperature. The solid-fluid
phase transition temperature can be determined by temperature reduction starting
from temperatures at which the polymer is fully dissolved in the dense fluid
reaction medium. At the onset of the formation of a solid polymer phase, the
homogeneous fluid medium becomes turbid, which can be observed by eye or can
be detected by shining a laser through the medium and detecting the sudden

increase of light scattering as described in J. Vladimir Oliveira, C. Dariva and

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

[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



t he pol ynerization section of the in-line polynmer blending process
di scl osed herein. A reactor bank may conprise one or nore reactor trains.
[ 0036] A paioabdset4213@act or confi gurati on 'wcl udes two or WOTAS@ROLIINE Or
reactor trains connected (also referred to as fluidly connected) in
parallel. A reactor train, branch, or |leg may include one reactor or
alternatively nore than one reactor configured in a series configuration.
For exanphesssared @achedeteraiifedrdy pressuneeedustionat consiaal température startingr e
reactors in series. The entire parallel reactor configuration of the
pol yner i z&tnorpressees et dwbidhotlel pedymen isi fully, disselvednin ke i fpidofeagtion
paral | el polynerizgtion reactor .trai ES forns the rei@tor bank

n

[0037] Pol S Bat i &Y L85t haet sOfehiendAmaiq: Ahd MoNdhdiolXch| plase, the
conbnomner ﬁﬁ%ogﬁgéo%gﬁlﬁ%%g}%rﬁ?&?ﬂr% 'tﬁg)?tg, WwhRRhlcad e’ §Berved gg:’fg@rbtr(cﬁh pl us

optional scav r t tor t ake of conveni ence clarity,
the cat al pstdéyate by shasifpes daskrsepaigh ehy mediuhe apdedetettidg sthessidadenf rom
ot her conponents present in a polymerization reactor. In this regard, the
pol yner i zadreasesgt light issadefingexs desceibadrinoheYladimir OlsetnaniGy. Darivhandrt  of
pol ymeri zatjon, that typically consj h tal yst systemas part of the
pol yreri zi’céoﬁ"‘é‘}’sﬁ“é‘ NEn ﬁ@-kﬁsrégﬁﬁm)i%%%?on, the mixture present in
the polynerization reactor and in its effluent is conposed of the

pol ymeri zat i systemplus the.catal yst system 100381A h enequs.

pol yner i zi@%ﬂ syﬁﬁ%rﬁl‘g‘b‘ﬁtpé)ﬂ%slsa Fﬁg%@i s%go%%ﬁgﬁt églloﬁv qug?ﬁ’gﬁggpgggg

di spersed 1. xed € : re16h i rexately| ous
e B G
super cri t upah ) piebsure. réduceiohhat counstadeftemperatoreofast Hesaribedmin i k Alladimisy st em
does not include the catalyst system_ thus the catal yst system may or may
not be ho@g@ﬂ@o@sl@afm%gbd\le@-il?intqunéoﬁylgerqlwmoiBﬂs-s%t(éfﬂlﬁ)o)M% d&@ieous
system my have iops Wth concentration gradients, but there would be
o SuddenPUEES AF TS e b g BF o Berdthnts bt miity s Br st b
within the: if, .l is :
pol yner - cglﬁlt§1 g‘fgﬁ]? %ﬂ%‘éfr f[als%ftélgggglgﬁzeﬁsség‘%ﬁg%gg%m a ensn 28ny ?ﬁ#dg aI cr%o%(ri gg%r}tc al
terns, a belegaenagplsotoodly andirzedidimg slys peossiigsatathe @iset of rapidpiedtss ihn a
single dense fluid phase. Apparently, a polynerization systemis not
honobgeneolightweattetringifor pgivéen tesnparatuge.ror e t han one fluid phase or to a
fluid and a solid phase. The honpbgeneous fluid state of the pol ynerization
systemis_represented by %)H{}e si.ngle fluid (liquid or, supercritical fluid)
regi on i n[9828]phaAdigherge ﬁlpemggﬁpawswuw e bavingciqydiargnare cer;{?ﬁes of
hydr ocar bgg)s can exist in either a subcritical, or supercritical state,
dependi ng ﬁns[‘heir tenperature and pressure. To be in the supercritical
state, a substance nust have a tenperature above its critical tenperature
(Tc) and Ss ‘hhS b p S :

hydr ocar bg?l(gﬁi ngﬁﬁﬁﬁgﬁﬁn%uﬁ:ggb%ﬁ%ﬁo%ﬁs?éggéé;ﬁr?eartlsol,}{l g%g&g%% ?%lr?gl Ia;§

i nert sol Wemopolymsreztikalsiad copdliyaririzatioper at ures (Tc) and pseudo-criti cal
pressures (Pc), which for many systens can be approxi nated by

nol e-fracti on-wei ghted averages of the corresponding critical properties
(Tc or Pc]0028]t heCopolyorerization mpeompasseshaxy pobgnedizition reagpionaoiitwo asove
their pseudo-critical tenperature and a pressure above their
pseudo- cr MATe ONYRLS re will be said to be in a supercritical state or
phase, and the thernodynam ¢ behavior of supercritical mxtures will be

I itical . Ror . f thi.
e oot IORLPCTE Hlf bR RRLRTAE e TR 1OB2 Phubliusedes of
certain ppgﬂ@f&@ﬁ&@éﬁ@@d@ﬁﬁﬁfﬁémﬁw(@Wg\%\,te 5)39 988) a1 e those that

found in e Han em stry and Physi cs, A e,
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In particposo] twhea ansolPmesf issedfepteddios dbséanpasing 8a 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.
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[0032] A polymer is defined to be compositions having 76 or more monomer

units.

[0033] A series reactor cascade (also referred to as series reactor configuration
or reactors in series) includes two or more reactors connected in series, in which
the effluent of an upstream reactor is fed to the next reactor downstream in the
reactor cascade. Besides the effluent of the upstream reactor(s), the feed of any
reactor can be augmented with any combination of additional monomer, catalyst,

scavenger, or solvent fresh or recycled feed streams.

[0034] Reactor train or reactor branch or reactor leg refers to a single
polymerization reactor or to a group of polymerization reactors of the in-line
blending process disclosed herein that produces a single polymer blend
component. If the reactor train contains more than one reactor, the reactors are
arranged in a series configuration within the train. The need for having more than
one reactor in a reactor train may, for example, arise when an in-line blend
component cannot be produced at the desired rate economically in a single reactor
but there could be also reasons related to blend component quality, such as
molecular weight or composition distribution, etc. Since a reactor train can
comprise multiple reactors and/or reactor zones in series, the single blend
component produced in a reactor train may itself be a polymer blend of polymeric
components with varying molecular weights and/or compositions. However, in
order to simplify the description of different embodiments of the processes
disclosed herein, the polymeric product of a reactor train is referred to simply as
blend component or polymeric blend component regardless of its molecular
weight and/or compositional dispersion. For the purpose of defining the process
of the present disclosure, parallel reactors will be considered as separate reactor
trains even if they produce essentially the same in-line blend component. Also,
spatially separated, parallel reaction zones that do not exchange or mix reaction
mixtures by, for example, pump-around loops, or by other recirculation methods,

will be considered as separate parallel reactor trains even when those parallel
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zones are present in a common shell and fall within the in-line blending process

disclosed herein.

[0035] Reactor bank refers to the combination of all polymerization reactors in
the polymerization section of the in-line polymer blending process disclosed

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

[0036] A parallel reactor configuration includes two or more reactors or reactor
trains connected (also referred to as fluidly connected) in parallel. A reactor train,
branch, or leg may include one reactor or alternatively more than one reactor
configured in a series configuration. For example, a reactor train may include
two, or three, or four, or more reactors in series. The entire parallel reactor
configuration of the polymerization process disclosed herein, i.e., the combination

of all parallel polymerization reactor trains forms the reactor bank.

[0037] Polymerization system is defined to be the monomer(s) plus
comonomer(s) plus polymer(s) plus optional inert solvent(s)/diluent(s) plus
optional scavenger(s). Note that for the sake of convenience and clarity, the
catalyst system is addressed separately in the present discussion from other
components present in a polymerization reactor. In this regard, the
polymerization system is defined here narrower than customary in the art of
polymerization that typically considers the catalyst system as part of the
polymerization system. In the current definition, the mixture present in the
polymerization reactor and in its effluent is composed of the polymerization

system plus the catalyst system.

[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
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may have regions with concentration gradients, but there would be no sudden,
discontinuous changes of composition on a micrometer scale within the system as
it is the case when, for example, solid polymer-containing particles are suspended
in a dense fluid. In practical terms, a homogeneous polymerization system has all
of its components in a single dense fluid phase. Apparently, a polymerization
system is not homogeneous when it is partitioned to more than one fluid phase or
to a fluid and a solid phase. The homogeneous fluid state of the polymerization
system is represented by the single fluid (liquid or supercritical fluid) region in its

phase diagram.

[0039] Pure substances, including all types of hydrocarbons, can exist in either
a subcritical, or supercritical state, depending on their temperature and pressure.
To be in the supercritical state, a substance must have a temperature above its
critical temperature (Tc) and a pressure above its critical pressure (Pc). Mixtures
of hydrocarbons, including mixtﬁres of monomers, polymers, and optionally inert
solvents, have pseudo-critical temperatures (Tc) and pseudo-critical pressures
(Pc), which for many systems can be approximated by mole-fraction-weighted
averages of the corresponding critical properties (Tc or Pc) of the mixture’s
components. Mixtures with a temperature above their pseudo-critical temperature
and a pressure above their pseudo-critical pressure will be said to be in a
supercritical state or phase, and the thermodynamic behavior of supercritical
mixtures will be analogous to supercritical pure substances. For purposes of this
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:
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Name Tc (K) | Pc (MPa) Name Tc (K) Pc (MPa)
Hexane 507.6 3.025 Propane 369.8 4.248
Isobutane 407.8 3.64 Toluene 591.8 4.11
Ethane 305.3 4.872 Methane 190.56 4.599
Cyclobutane | 460.0 4.98 Butane 425.12 3.796
Cyclopentane | 511.7 4.51 Ethylene 282.34 5.041
1-butene 419.5 4.02 Propylene 364.9 4.6
1-pentene 464.8 3.56 Cyclopentene | 506.5 4.8
Pentane 469.7 3.37 Isopentane 460.4 3.38
Benzene 562.05 4.895 Cyclohexane | 553.8 4.08
1-hexene 504.0 3.21 Heptane 540.2 2.74
2732K=0°C.

[0040] Pure substances, including all types of hydrocarbons, can exist in either
a subcritical, or supercritical state, depending on their temperature and pressure.
To be in the supercritical state, a substance must have a temperature above its
critical temperature (Tc) and a pressure above its critical pressure (Pc). Mixtures
of hydrocarbons, including mixtures of monomers, polymers, and optionally inert
solvents, have pseudo-critical temperatures (Tc) and pseudo-critical pressures
(Pc), which for many systems can be approximated by mole-fraction-weighted
averages of the corresponding critical properties (Tc or Pc) of the mixture’s
components. Mixtures with a temperature above their pseudo-critical temperature
and a pressure above their pseudo-critical pressure will be said to be in a

supercritical state or phase, and

[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.
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[0043] Slurry polymerization refers to a polymerization process in which
particulate, solid polymer (e.g., granular) forms in a dense fluid or in a
liquid/vapor polymerization medium. The dense fluid polymerization medium
can form a single or two fluid phases, such as liquid, supercritical fluid, or
liquid/liquid, or supercritical fluid/supercritical fluid, polymerization medium. In
a liquid/vapor polymerization medium, the polymer resides in the liquid (dense)
phase. Slurry polymerization processes typically employ heterogeneous catalyst
particles, such as Ziegler-Natta catalysts or supported metallocene catalysts, and
the like. The solid polymeric product typically adheres to the heterogeneous solid
catalyst particles thus forming a slurry phase. Slurry polymerization processes
operate below the solid-fluid phase transition temperature of the polymerization

system.

[0044]  Solution polymerization refers to a polymerization process in which the
polymer is dissolved in a liquid polymerization system, such as an inert solvent or
monomer(s) or their blends. Solution polymerization comprises a homogeneous
liquid polymerization system in the reactor. The temperature of a liquid
polymerization system is below of its supercritical or pseudo supercritical
temperature, thus solution polymerizations are performed below the supercritical
temperature and/or pressure. Conventional solution polymerization processes
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.
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[0046]  Supercritical polymerization refers to a polymerization process in
which the polymerization system is in its dense supercritical or pseudo
supercritical state, i.e. when the density of the polymerization system is above 300

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

[0047] Bulk polymerization refers to a polymerization process in which the
dense fluid polymerization system contains less than 40 wt%, or less than 30 wt%,
or less than 20 wt%, or less than 10 wt%, or less than 5 wt%, or less than 1 wt%
of inert solvent. Inert solvents are characterized by their lack of incorporation into
the product polymer chain. In the production of polyolefins, solvents are typically
hydrocarbons comprising 4 to 20 carbon atoms, advantageously 5 to 10, or 5 to 8
carbon atoms. Note that the polymerization system may also contain inert
diluents that do not incorporate into the product polymer chain. They are
typically introduced as impurities present in the monomer feeds. For the purpose
of the current disclosure, the inert diluents are considered separately from the inert
solvents, the latter of which are added intentionally for their ability to keep the

polymeric products in their dissolved state.

[0048] Homogeneous supercritical polymerization refers to a polymerization
process in which the polymer is dissolved in a dense supercritical fluid
polymerization medium, such a;s 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
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is intended oper at out Interruption or ceSsation. For exanple, a
conti nuoupofll deesatalyst Bystiucend thel pobmerudtidnbeysiera aveepreséitcand anixedt s
are continually introduced into one or nore reactors and polynmer product is
cont i nual linteniemallyawd he reaction zone is defined as the reactor interior filled with the
mixed polymerization and catalyst systems between the feed ports and the effluent
ports. By “where both the catalyst system and the polymerization system are
present and mixed intentionally” we mean the space where the polymerization
reaction is designed to take place and the polymer is designed to be present as
opposed to spaces where no reaction is intended to happen and no polymer is
intended to be present, such as the interior of the catalyst and monomer feed ports,
stirrer assembly, etc. Although the later spaces are directly coupled to the

reaction zone, no polymer is intended to enter and no polymer is intended to be

polymerized in those spaces.

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
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MWD and/or low CD, thus to make instead polymers with broadened MWD

and/or CD (understood hereinafter as processes of producing polymers with
broadened molecular weight and/or broadened composition distribution) in a
continuous single reactor operating with a homogeneous polymerization system.
The essence of the present disclosure is to create 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
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DESCRI PTI ON [0051] Al nunerical values wthin the detailed description and

the cla mi0057] 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.
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polymer fractions of different average molecular weight, which by definition,

broadens the molecular weight distribution (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



[ 0054] The processes of producing polymers with broadened nol ecul ar wei ght
and/ or conposition distribution in a single continuous reactor operating

wi th a howogesve@ersopol ynmeri zati on system di scl osed her eiPoTrsgooopesiat e in
conjunction with the advanced sol uti on”polyneri zation processes descri bed
in US. Patent Application No. 11, 954,273 filed on Decenber 12, 2007, U. S
Pat ent Application No. 11/961,583 filed on Decenber 20, 2007, and U.S.

Pat ent Apflld e&ddtén zbes b3/ RIS, Sddhahgbsd(fon clamysley byBusiA@0&olirecboll§ ashi ch
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conposition distribution in a single continuous reactor operating with a
honpgeneopsoduekd mesing athesa regctoe tentipscdtose gradiesisnmayy aksbshawp éreadenied
conjunction with the supercritical polynerization processes described in
U. S. Pat ef®mResitipndistribygionser ei n i ncorporated by reference in its
entirety. [0057] The processes of producing polyners wth broadened

nol ecul ar I ght d/or ¢ sition distributian in.a single.contd nuo
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herein incorporated by reference in their entirety. Reactor Tenperature
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mol ecul arthv}lce){lgﬁ] tth(e)fusteh%f internal baffles separating reactors zones so as to restrict
convectional flow along the axis of the reactor, and combinations of these

techniques.

[0061] As mentioned earlier and depicted by FIG. 1, generally higher
polymerization temperatures lead to lower molecular weight of the resultant
polymer. The lower and upper limits of operating temperatures in the reactor
zones are usually determined by the product property targets and process factors,
such as catalyst 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
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feed wit hregimepaithoughy ae dissassesk carlicer thenmbstandiab preseace rf ingHciqlyeNtsone.
The | arger, the tenper.at.ure difference between e reagtor,feed,tenmerature
and t he balse B4E B Titkibife dropbe’ AidlenighatriehhynieSfhE MECPMUTRGR ¢ he
final pol uch ' I r ifgpt be
achi eved géﬁ?r? dg? cé%ta%fﬁ}lﬁgﬁ?ﬁﬁ?%ﬁ‘géﬁé‘fﬁP gﬁgg ¢ ﬁghreeg%?grfggo%gg@%y
heat exchasgdlirg. ( Aarthexanne staky ofishegrtcafodliefig palyhrrizatipaokith sirersitel | i ng
the tenperatures of the reactor zones), and/or by cooling the reactor feed
entering taelysts; rolymgtization dampsratareseahaset 330G eniaboes i250PCaor @boxad
letting tE@ L act% tﬁ{g@g@ature rise in downstream zones due to the heat of
the react FOR. 8¢t SF¢ BPLYGCORBERdRYen MV and crystal linity, polyner
products produced using these reactor tenperature gradients nay al so.have

br oadened 0Siyt i ' i: ' [ X i bl ny: re y
al so be | de I?atln(gﬁ]? %@({dﬁ@%{e}t ?’ 2? g p%? ?e%lcl‘érlgééa{g%g\é; t(taﬂ(;édp #Slé:g(gstegrﬁ%tﬁ%sega
tenper at UFg HrbdRIIRE CHSlyRRets bRithn bR dDndIBaTIRASKeight h@istrididy dhaget er
ratio of stifred tank réactors, reducing stirring power of stirred tank
react or s, comt@ratdusghémogerebusi pohundrézatioan syseamt ere acheved hutdigjhgtieactose of
internal baffles separati n%dr eactors, zones so as fo restrict_ convectional

f1 ow al onlFmpREate gragicntse Mercpaticulasly, adHbwaRta 9op Ura sthHEe ankJIsar Blies .

0061] As nentioned earli depij.ct . n i.gher

|[ool yrrLri 23t hoﬂn? eoﬁp%‘roﬁ% J?é%aq%g{gdﬁﬁfg%rﬁ%é?%n@dgmﬁgp &ﬁéﬁér fg_taglreb?rfeeggl t ant
pol ymer . It?@arh@ﬂ?dludiﬂgz UPRsie ér fiokS nfinoRRAE 22 ) Stk bARse Fhilps s'y§tehfs€ 3)
reactor zones are usually determ ned by the product property targets and

process f aptioma ongeusrmerse saavahgat; 4) aptiondl yonefaruhoregdilednts oFsolvertsyphd,
since often polynmers with hjgher pnolecul ar weights and/or higher nelting
poi nts ar &) gembirations; fsrend) a’ﬁféﬂghatchﬂﬂet enparatioed entryoperty. arhe geadrall y

not advant ageous. Increaseﬂbét eﬁgerat res tglap al so de%%‘ad% nost lj\r%own
catal yt i c ™St VRBOMSFHUNYY My SRBTHETIBEEK U RIOBY Pfiy DMKEES s racnes,
pol yreri zati ggﬁ{a I s h i reaction tenperature are
determ negéﬂgﬁgsdt(%y t séhgggﬁnggﬁgglc@?ﬁ@{m%ﬂgﬁi@f if%g'. Lower tenperatures
general ly favor higher crystallinity and hi gher nol ecul ar weight (for an
exanpl e, 053302 Thdtéactad tenipiirature riayp beasry chbengsitefliuil phhser@ansieibhon
processes, the lower limts of reaction tenperature are also determ ned by
t he sol i dtempsratustafdhe pohgherioatiorespsicnm anda Rasmire got loavardhen disMRd, ow
the solid-fluid phase trapsitio e ratyre gf the reaction m xture nmay
| ead to f8UlIli AGPa.F8F Q-Leh’g)sra@o?fcﬁi@nwaﬁ?%m”yaﬁ §F!‘{Ué{ POHY BEASSe0BY I tBFies
(rmelting peak tenperatures >150C) in bul k honbgeneous supercritical

pol yneri zati on, processes, the mnimum operating tenperature i s about
95-100C. In the production of Iower nelting polynmers and copol yners, such
as lowcrystallinity pol ypropyl ene, ethyl ene-propyl ene and

et hyl ene- (hexene-1) copolyners, significantly | ower reactor tenperatures,
e.g., 90C_80C, 70C, 60C, 50C or even lower, may be readily used w thout

o . . -, = e



[ 0063] The reactor tenperature nmay be above the solid-fluid phase-transition
tenperature of the polynerization systemand a pressure no |ower than 10
MPa, or IwbPRag9/@e730. 1 MPa, or 0.01 M Pa Z?el ow t he cl oudpPpwiustoognexsur e of
the polynerization systemand | ess t hafi* 1500 MPa, or |ess than 200 MPa, or
| ess than 100 MPa, or less than 70 MPa, or |ess than 50 MPa and the

pol yneri zation systemin the reactor is in its dense fluid state. The

pol yner i zgolyafen¥ficysteth baddessehaar] SO0 fe(Pap oo tess sharaR0 AP aientless thaal vent
present, any scavenger present, and the polyner product. The one or nore

catal yst JP8tMRs, dmiessithancHeMita, resrlesscthan 5PIYIPgraadithe podymerization system

catal yst actjivators,, and optionally, one_or re catal yst supports. The one
or o e lcia@ &he Bqacireis jpdby dense E&%%tew-fTﬁ%Pﬁ&fHF%@é&{ﬁﬁ@é?f&ﬂ@gg ;S one

non- net a -center

rans: t1 o Aes EnRelEAbs Fisal Bk RERREY brosk O Ay SERT KL preSiE e,
reactor i pelyf@spRdiefloTRB&RI¢Sor mrél cRAll YR stERBoifeludd oridloe moit tdatflyst
sufficient tenperature gradient to forma polynmer product with a broader

mol ecul ar pustiugsarsdose or bnoreocatalyst aotivatond, smdwopti ehalby @ngeemmere datadyist
absent the reactor_tenperature gradient. The tenperature gradient is
defi ned aSUPPRITS-enpRS £ngr er Mok satalystt PresHEsOsY are fhosen emr metalloesng: or s)

Cempor at iR ORI pie ol BRI TP eahl SR P BT

first reaglpsit@pnfefaPtatdffstd. €d reactors, or at 5%of the reactor length for
reactors wthout baffles,” and at the reactor exit port may be neasured by

t echni ques known to those skilled in the art, including, but not limted
to, ther mpo@ey]l esThe ofpolidhadzativd temeafdratedatins pei ficackor odatludes, a
infrared sensors nounted in the inside wall of the reactor at the specified
| ocat i ons hoproggneoushiftuidi polyvier:menames umixgiransvithnfar aplficierin égnperatyreone

formof this,.enbodinment, the te rature gradi,ent within the reactor. is
greater tBEHIgEA0 tﬂmb?é’ ey Rg&f@gév ‘tl?Jraglbrroég?re?“ﬁm?fé‘rlua%w@g%r‘ﬁél"’(i’é‘PQP t han
65C, or ' [ ' | db
oo wn_of HEE SihebIRE woltq hE HEBhRSAGed BsU fd ShifoP trh BEkafre TRAGINES Y
or great eTheh@mper&ur®prafiest B défaed as Qhe Merpkiatidel Mgt g r@hytop Uoneer

products include pol ypropyl ene

honopol yméfos, bafflgd ec@tmsgmlaéri%cﬁdhy meactop langyh éfos-rebetoshavithout bpdilesyer s,

(2)608; Qigsg@e}b&?&%rgggggg-tﬁe trgarl tgl %p&resfeacyc\jlr) exit port. The temperature in
the first reactor zone for baffled reactors, or at 5% of the reactor length for
reactors without baffles, and at the reactor exit port may be measured by
techniques known to those skilled in the art, including, but not limited to,
thermocouples protruding into the reactor at specified locations, 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.



[ 0065] The tenperature gradient in the reactor nmay be produced via cooling
one or nore of the reactor feed streans prior to entering the reactor and
restrictiwg 206ve142138i ng within the react%) ei t her by baf PlCeaiS2am/om311T educed
stirring power, or by increased (>5, or<>10, or >15, or >50, or >100)
reactor length/dianeter ratios. Alternatively, the tenperature gradient in
the reactor may be produced via heat exchange within the reactor and/or
heat exchpggss]t hr PHE hetperat@rcgadiom | ihsthel reacwdihaprbe prodducedpas aootiag
gradient In the reactor may be produced via a conbination of cooling one or
nore of t heeoeatrerofithedeantorefoed spreams priordotenténing theereactor aod re$toGHBE| n

th f of, this | t t t di ent enbodi nent , nbi nat i
of t enper S mXiABGV S TeREIPY REherchnbafksadT B reMueRETINTNRRPVR OF Bt oo
ithin th t f her Jfq&ci | I . : duct
wth o or DSERECPa dre? b PR3t Rhied oROPRRER b Run iR RauBE 202

conbi ned rA%%éﬁvél?”Hﬁr i@ afiréPridient i ¢8€ rOictOO MHYEbe GPROGRIV" Gial Béat
gradi ent enbodi nent). As shown in FIG 3, increasing nonomer conversion,

and thus exchaasi wighjiotheneractamaredior Aeatoexchamge ehatush the teacttuealds. Min Mor e
parti cul arlg_,, the reactor may further .include a means for m'ai mzin

back- mi xi AGdioN; hhep deMmApTatyLs: igsrdispktiBmthe: 1e36tor e MAYorbe Predueie Uapsl ymrer
concentration.qgradi ept wi.thin the rea r. of 20 % re. The . r
concentr af?%’ﬁug’rt’e?d\ 8ﬂ{;o¥f§n%8pft fadrge 6%&%5%W@r¥é%éﬁ§%ﬁgga®%rn& %rﬂg h}e‘ge
reactor effd 8MgRformM Nus the pol ymer concentration in the first reactor zone
or at 5% of the reactor |length dowmmstreamof the feed entry port closest to
the reactor head. The pol yner concentration gradient in the first reactor
zone for pggddled heanbties. fopn af thii Aactdictongpeahnire | @radicht conbedinran af the

feed entry port closest to the reactor head for reactors wthout baffles,
and in t heombiation ef fdnperaturayandereastos radyimisy coae¢ntialings gtaddents teay hese

skilled in the art, including, but not .linmted to, sanmplLing.the reacgtqrs
cont ent's. CHHECIMIR HoF A toringe Tacibtate 166 9 GRasiGioRb o PhGMSs P it

concentratj:Qn .c d ' f [ aponat Lfag .th

conoent AW Walfer HAETIAL ek FERRE B! FnBoRF LA AN,
pol ymer i gombisddtddchst RithetaniRe geadicht Preadior POIVHEF céntdmratimsrididnaon
cooling. The solvent and nononmer can be then sinply decanted or filtered,

dri ed andembiodhment) ThAs relwosvrein d€sedt meréasing maorgameo sonyersionaandethus
determ ned by, .for exanple, gas chromatography. These and sjm] ar
t echni queHICAFasing| PORMBYIN ¢oNGeREralipn, oforEelalase rVith ireduced . More

[ 0067] Al t (Y : [ [ . AR he: :eact or
my b 2500 e roBOE AT R HiTh08h AR R AR Rl flRE
nore. [ 00gBlhd Rl Eﬁﬂﬁtﬁor?%?ﬁ%m [Atthe redE®Al @NEregtd Al Polyhter’ EaidletraliBy be
formed by a suitable neans for mnimzing back-m xi ng of pol yner reactor
content. gradierdansthiorthei aciari ofj 20awit%arioxi mprof pbeypaymeracermentratioent
includes baffles angled to the overall flow direction of e dense fluid
pol ymer i z&¥adagntdy dedmediasitha Rohumee seResntration @xfizﬁﬁpéqom%ﬁwt MIiNs{tey t o,

per pendi cyl affl e . any goni-cal | ar - f

reactor zgﬂggl% %ﬁc_reégr?aglpﬁt %’d&}ﬁ ?&%gre%gio\%ea%%&{]ﬁg%gp%s& ?ll\érlg?%%& ?N@a%ig for
m nim zi F‘&o@'ﬁ%feéﬁxxbﬂgh@ffe&i"d{ﬁg’ gbﬂaélbgéstcﬁml%“reédiéﬂ Hdes. | TRE G5s19sher

| engt h/ di anmeter to reduce mxin | ong the reactor axis. In such

enbodi mentencenbratioargradiedt andteefirsotedchar zarrcfonbafifledniaatmoyst at 5% afrthat er
than 5, or greater than 10, or greater than 15, reater than 50, or

great er t Iagtoroengte downsirpan &stqeéremmﬁﬂzﬂ%rge?gd@kﬂlﬁ KeRplgr dicadhior

ti i ncl.ud nbi nat i. f paffl led with th
overal | et r 8ationh, GailBie 410ndg WL rertsen SRR inal b9 PERRTEI AP ¢« ne
react or apnfiduRSIkAGWh AP RGO SKHRG TiFAREORNONinBRARIET bhNaR HimReddizat er

than 10, or greater than 15, or greater than 50, or eater than 1

[ 0069] Thi samplihg dedrgaetrs contentpP@iatameligg pdirshtat the grcificd [wehsiors. The
concentrati on gradi ent enbodi nent may al so_produce polymer products with a
nol ecul ar pokyImgit caflcsntrption icen be deteaminedd foy awammeoby dirshesaperating zhg,  or

r r than 3. r n 4. .0r gr r th . 0. .
greate tm%no?ne(%’ and sdlven %ndt &n wePghlrcl)g tﬂee&;l)elme% %h 5sopne instances the



WO 2009/ 142730PCT/ US2009/ 003117 [0070] I n another form of this reactor
tenperature gradi ent enbodi nent, a nononer concentration gradient may al so
be creat esownedi4n730he reactor to further facilitate thePComusatmonsiof a

pol ymer product with a broader nol ecul™ 6 hej ght and/or conposition
distribution (also referred to herein as a conbi ned reactor tenperature
gradi ent / nononer concentration gradient enbodinent). One way of

gener at i ngolyRiaMY ¢r9fallitie ahdodrepsadiuenfroirs the polymerizatiangsystamugipon
conversion W thout nononmer make up and restrict the mxing of the
pol yner i zgaeolime.sFhesnlvent and menemenaan badhery simplysdetentad erefilterssy dried

Anot her Wa{\; to ,pégéjurc;ﬁ]a nononer concent.rati %(r; gradi.e.nt in go%natj on with
a t enper aflid evgjehed-enthe monamer genqepirajiop and,cOmpasitigR,cal be{Rferpunedy + o
t he react r Y. po to: t : he
nONOMEer s ﬁgy?%re@?aergB fefj %gb lﬁ@?%tggrtag}ﬁ y'onreIth 8?@%@31&@%&@@%2?& eg‘f}rYte py
ports. I\/bkﬁo@grihitﬁéjbﬁrdﬂpoly,hy@rikgﬁ@ﬁ, nunber of nononers fed to the reactor

t hrough the upstream feed entry port nay be |l ess than the total nunber of
nononers fed to the reactor through the upstreamfeed entry port and the
one or no{@6IpwnsAhteantivebd thet pylypoert sondentrationt gexdientheithomahat reatioon of
at | east one nononer in the polynerization systemin the first reactor zone
in a baf f M&Y pe3e %o mEreoRr v enmere, ohé Srwket o mosageh4d v tfie
upstreamfeed entry port of a baffle-free reactor may be at |east 5% or at
| east 10%M%f at |east 30% or at |east 40% or at |east 50% or at |east
60% or at least 70% or at |least 80% or at least 90% different fromthe

concent raLd@r%]Of Tﬁbgg\?kﬁfslfexaéoﬂcfeg i8R S AR HitHiR thPerteﬁé%}”EF%}i B@tfio%]géy“em

at the on nore reamteed entYy ports or a e exit’ port of the

reactor. phe siABIEMcANS S nimhi2ihgdb AU @itkink bt ity el $éadtievcdment 00aef Or
baffled reactors, or at 5% of the reactor length fromthe upstreamfeed

entry por meghs fobafihimiZing ebackawixing, ofapdlyatert teactomecantembpineluttesnbaffleam
feed entry ports and at the exif part of the reacior be, neasured by

t echni quegnﬁlﬁevsﬁ ths ox W (dékscriAn ofe the dense, %@i}?@?’%&zaﬂeﬁ SHM ed
to, sanpl | 7g. C St V] l,i ng i.fjed
| ocat ons AR & RERIDEI R SRAH oG AR, 02 Pl s Mo PAMSESF b o

separ at i Nngoribg BOIINITEKApedP bRHUC thiY crdabds SXRABY Qon&ASwith' RER Qed Qﬂan§Thi s
conbi nati on of reactor configuration and WD 2009/142730PCT/ US2009/ 003117 -

28 - reacbaweennthiet zomes) manothert inedane dfor onohimazingabackraneing: ofigeolymeri on
gradient within the reactor while also facilitating the formation of a
copol yner I3EMIUEANtGRY MU larased) eagihdiagsten to diedies puping alpng tthe

generati op a nperat ur e, gradi ent . 001T]§1fi cqnbi ned reagt or
t enper at unl:eélggjlrac?%gsnt ll%rmst?g: reng%%(gmsat F}(l)%] P%H}/gfﬁmélﬁﬁoafn@rﬁ rr?ﬁfltoél SO
produce pRiwiRAgeRuSHUR! shetfel thah BD ?gféa@ér th8h 901 of ipBédtePanOrs, a% grearyr ed
by MV Mh of greater "than 2.3, or greater than 3.0, "or greater than 4.0, or
greater tthan 3,G@r grédé2]jthan 160. aYiet imesthéonrean fohianimining ddck-enicding of
tenperature gradient / . L o

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.



nmononer concentration gradi ent enbodi ment, a catal yst conposition

di spersion may al so be created within the reactor to further facilitate the
f or mat i orwof20@/p@ot3yner product with a bé_gader nol ecul ar PaeiUshe0o@IALT | but i on
(also referred to herein as a conbi ned” feactor tenperature gradient /
nononer concentration gradient / catal yst conposition dispersion

enbodi nent). This enbodi nent conbi nes the potential differences in the
product npo@ry]l arInvaheihes fonsh ©6Thixs rédcosts teahperatied gyatifendi drhbodintent, a
catalysts at otherwi se identical conditions wth the effect of tenperature
and nmonomaonuEReresnncgniratioy eaadient mayBysebe dueated avithinithe spactoptarfiitharhe
concentratijqp of conmpnoners in copolyners. or t cqncentration,of .

st er eor eg qu?"a‘[}ta(t‘? §g? ?e)’fmét‘%? y%cﬂogl’%%f iPLOAUE Y r%%rﬂa‘?q{emﬁlﬁfc}lrl@rr Weighitns .

To produc o i1l | Welp's S n - f.he | yst
systems. mapOisE (PR TITIRAER EUSORERAAR (Fhefaiths BoAbIeGRIE,
reactor aménpérahfesira@ieat ?fmoéhemenicohy&itraion grmlicileribodiatenty Ok wagct or
at one or nore downstream feed entry ports of the reactor. In addition, the
total nunbérgaferatngl menopreecooswmgrationc gradigat isicto \adlow sa ofargeheensaighl yst

systemin the reactor, at the upstream feed entry port be ]l ess than the
total nunSERVESIONL: Witheut pMORGMES: dngke UP 5 apdt 1§ tﬂ%agg%/ s“B?“nLgheOftca&’&I yst

systemin_the re r h e 0] e PaQr and
the conceﬁf)ryé?%rg%aq%&‘ g&&;xﬁg&tﬁ%ﬁgﬁ@é@ﬁ%?% rlzltgéﬁggrk gcgf&gngewc‘éf a?‘;#sot%hér

act i vat or engﬂidu% BN ghdrRinRerY Tons¥stkARBH NprhéiRnt | inStconfARAPSN ZONA N a
baffl ed reactor or at 5% downstream of the reactor length in a baffle-free

react or f tempéracurepgtadizmn) fsedhteatt leaspone cththd didyenadrs | magtb&Fedithf teent
fromthe concentration of the sane at | east one catal yst precursor or one
cat al yst &eacteraten epsisent fredgntnhpotang 3ideast paecthert of the raaBOHEIBAY

d f .. Th | i ti dj i i )
TTrer ] eaBeo e o ey rERAdr? pr e 08 Bt AfERREYD (RRADETRELROST | Badrd
fromthe gaﬁiau?@rgtgggoﬁﬂhﬁme%f n¥ncdin&fEd & [HeRabRRhDughane upktrbdid one

or nore downst entry ports, may be neasured by tecChni ques known to

t hose ski lfe®bentfy pbet mat ba s ttimhe totd] monbédr off medoters $edrd thegreabtor
reactors contents (via a saxl ing port) at the specified |ocation and then
det er mi ni tlayoush the vpsinearatieeh eatryaport @ndthe wacitrapiesdoypsieean deed entiye

catal yst activator c onent of the catal yst system by nucl ear magnegic
resongncepPK‘lﬁR) gf?\a? 90, O&ebfow_e%ra’ﬁl%q go p%t)c/tle?)s?cé%\?, TRYROME o r%’gcopi c
anal yses r i it S;n0h 4 n jf GMla@t4ogn
oops or BoNGRrSufh BRICAY BFne it indpctly ARSI BANRA fback 6L HEIAT,

shoul d be daoingtcimadf it Rlaytsr leagtefionatho npgireath oed catrg pompiofad byffle-
controlled by controlled netering of the catalyst feed solution of known
concent r atfiegrreaetor meayr bt trash Ve pucatfleatt ¥08edopat teast 37 o1 phileast 40%,

nbi nat i fi d t di i be M lized
o obt ai n 084 WATL SOXb AR IE 0 b HEPCIGRt 70tk o Nt BUZE Y TPt af
the f i 0 i | i aht /
comos 1 SRt Pl i ForBEatin o the AR o 1o Sl RlqmGT ip o "
conposi t i palythémAltFinosystérhhititht he 8RAI0E dovitstRant E¥dr &itrp ot @it atl thest

one catal yst® precursor or one catalyst activator co@n;igoner]t of the catalyst
syst em i nekheodrt of the actar Tlhmeawfomerbedifdestiatiengradient intthgdirdorgastaream

f th t I h f th f eed t baf fl e~f
iga/ct or ﬁ%m&&o? Q&g@s{éagg‘%,l oF 3&3564 ohdhe %%gtﬁﬁie%é@ﬁ&@g ?tflg%wf‘%mmifeebi/ist
% or a as 0 0 r eas % or
201 enst "ol okt BF £ihethe Hee £R0ko f &M Aip8 ol Shafd donRbuin (8T enlly”

catal yst poAguhdt tRE eQNtHrAbRtNStealfdr May Ve HOANVEE DY tefhiifaes Rhaysb
system at the one or nore downstream feed entry ports. WO

2009/ 1427 30RETski2A00Y RS 1T, inchidding] AT Shdthiisniteshibo,neasmpliagt the reagpensat ur e
gradi ent / nononer, concentrati

n . . ..
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



gradient / catalyst conposition dispersion enbodi nent may al so produce

pol ymer products with a nol ecular weight distribution as neasured by Mwv Mn
of great ewotzb@ni42738, or greater than 3.0, or greater thaoTAIS@)090031gT eat er
than 5.0. [0076]1In still yet another fofdrof this reactor tenperature

gradi ent enbodi nent, a catal yst conposition dispersion may al so be created
within the reactor to further facilitate the formation of a pol ynmer product
with a breagesr EEAGEBhSMIPIEhItRAH @ obPATACS irhoemet sbhédnttdtion geddient
referred to herein as a conbined reactor tenperature gradient / catalyst
conposi t i eithin sherrsactor emtidel iahsen f3cilithhing dwebiarimasion ngmymﬁé psededtt i al
differences in the product nolecul ar i hts.anﬁ conposi tions obtained with
di f f er ent Wil a/Byeaderamo TVEe 'td’é-ﬁ\fﬂllgl’}gfmcvdﬂcﬁ i nga(‘/hof’kpt%éelﬁp?'@f:‘freof

t enper atureqcéiie[?tper sion. By product conposition, we nean the concentration
of comonoftt h copol ymers or the concentration of stereoregular
(isotactic or syndiotactic) nononers in the polynmer chains. To produce

cat al yst Wﬂ‘]gi LA dbmbfed! %ct&ttehﬁggﬁu%‘ r&tfied 2 it FhHS EofoEni@fi®nTRY

be fed to'the 'reactor at an upstream entry port of the reactor and at

| east onegaidiémecmbbdinysEit nsajsaleoprodycesollattrippodings matich atolatulanevegghtnor e
downstream feed entry ports of the reactor. In addition the total nunber of
catal yst pistibutéon asoneasared pyt MaeiVunafogreatsr thas %31 ar wseatey thasn3 iy arhe
reactor at the stream feed entry port should be |less than the total

nurmber of g&%ﬁ%ﬂ@g{l T RIEBIEE igt al yst activators of the catal yst system
in the reactor at the one or nore downstreamfeed entry ports, and the

( f | .
component 1067100 B y5f 3BbndD Fobl B s S RBHeT tebior Mnftheint Shraffet 12" ©
reactor OpgHonwdf étmqaaﬁwaﬁam ghdlehe ehffsdifient, e @htalyst WBrhpesitios digrnibaed

entry port of a baffle-free Teactor should be at l'east 5% or at |east 10%
or at | easniay2@Bp be catateéasithBDthe ocacadr teduatrthédFacititatattht efosmabion; obra at
| east 60% or at |least 70% or at |least 80% or at |east 90% differ&% from

t he conceRelyameroprastuct etk anbroader encleculas weight Wastripptien @k mieyg
t al t t I vat t of t t al t .St t th
Gownst r eabiebesor FomBans redint JEmbRbE esfiget . ombhtes R RidRoB, and

reactor Cgfﬂﬁiéﬂtp'?sczﬁﬁ}&s?ecdiﬁf;ryééiﬁﬁﬂ HBP_@{%E@A Neb6@nAntF! AHPOSthbb@iment
di spersion wthin the reactor to facilitate the formati on of a pol yner

product wcdmbindsr ahelepotentiab udidferewdieghtin atiy ggrodoatpaablecalardivedightsutandn.
[0077] This conbi ned reactor tenperature gradient / catalyst, conposition

di sper si opomppsidions ebiamedavith diffrentecaalystiept ptandss idgnticah capiionsar
wei ght distripbutian as. nmeasured by, MV VMh of greater. than..2. 3, Qr greater
than'5. 0. ol Sheceffh AR pR e, g, Mintineh o ieeRlration dBMunt: J3Y PRl
anot her f P Mol 8R4 P s ta FRIPQSI thieon
di sper si ogémglémﬁﬁ a rm?l%érrgrgﬂgéorﬁ%ée{{lo?lr gfi on groe{{:li?lgﬁl%l, &%éléc}ya regf:f,ttt(l)ﬂ#a
pol yner coosehitiationaf erediepullamigotadtioobeymiienaictid) mionbinrers ive the polymer

pol yneri zati on system using the nmethods described above. That is the

f or mat i onclding, &};1 prastucgraoentaty shicompasisionadispensinine @t lleast wae gtthasgradyst
conposition distribuytio al so be achi eved t hrough a cophi nation of, a
enttor  Srsena LDy e LTe RaS R AL AR RS EHEB PN il i reagid agd
cat al yst i {0 J i i i Vv,

addi 1 on, o RS SriecBt She Bpte AR chalf HETRP RS (R EACE o Bnfe & e
wei ght  andb@hsgeamosded ertrylifdrts betthereadtoral P ddditast)i eebtihhomber f
conmbi nati on of a reactor tenperature gradient, a reactor polyner

concent r atatalysy peghivesars cacdtady gaactivgeors ob thgoeatalyshsylitemenghe meagtomat thie

nmet hods describe% above. Moreover, the formation of a EPI nFr product with
a br oader UR¥IedN Ta¢d GRITYROTBMPYCRAFSS ithamn Hhcialh Rumbe i 5t PEeqsors
achi eved L1 apahe 2, GAIRLARLE A WhalydiSARIE CIRETAIEE a0TRLIR! or FydgnOMer
concentrati on gradi ent, a reactor polyner concentration gradient and a

catal yst gewpogtihOfecd TARYS pBitsUahldtHeheonBddtRdford@FCal et ahiy atdRpsact or
Pol yner Concentration Gradi ent Enbodi ments

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



wi th a honbgeneous pol ynerization system for producing polyners with

br oadened nol ecul ar wei ght distribution. Mre particularly, a tubular, a

| oop or awetznewwel’3bank reactor with one or nore feed enPcy/ysermwsoimy be fed
with one or nore reactor feed streans i?lgrudi ng: 1) one or nore NONONErS;
2) one or nore catalyst systens; 3) optional one or nore scavengers; 4)
optional one or nore diluents or solvents; and 5) conbinations thereof,

t hrough t baffnereer romeicr fioad thot apstani Seed entongoer shoakl Henaneésst nglp be
chosen from et hyl ene, propyl ene, butenes, hexenes, octenes, decenes,
dodecenes diffficrent fitoinn the oorcenirationfof] the SenEras leasticinsr catalypleprecurser mayonge
above the solid-fluid phase-transition tenperature of the polynerization

P
syst em anga@lyst @sUYater GEMPORSRT ehills cAtRlNESYSiEm ¢t s oneer pofe gpwnsiray o1

MPa bel ow oi r f I zafi Ss

t han 1500 f%\%g?&b? Bﬁgs's ﬁea%@@%y ﬁ/ﬁ’[g?)ogfrtm%e@gb %({%g{r{{ ﬁloa%fe as,w%ér&{;?egé%t han 70
Ma, or | egffiddaackitsMitaesth bhthdRakitR eAdthi ROmSthet@isticant Reed @aef porti S i n
its dense fluid state. The polynerization Systemincludes one or nore
mononer s, ofimybaffleifest reactarphndat thr ese or maneydwemstreage fequt estey portanohayhe
pol ymer product. The one  or nore catal yst systens include one. or nore

cat al yst PEdBEIIBEE byoteshpiques kaopvr 1o 9@Sea$1fl%t16rt§? ahdnelding pytynotone
or nore cata su rts., The one or re catal yst. precursors are .chasen
Pt om et anrRisthlo. CHREILE the' PéacRlS, QRS T« T bt BPH) 3RBe 2pSaTY

l'i gand caj@layidphSandPihn! BltErrhinds tihd @&%&ﬁkioﬁ%@étﬂ%&ﬁ-oﬂ@@ﬁ&!ﬁhgrecurson

pol yneri zation systemforned in"the reactor i1ncludes a honogéneous fluid
phase pol prenhencaalyer actixitor eompdnent of uhé icatatydt patemeby aaokantmagretic
gradient to forma polynmer product with a _broader nolecul ar wei ght .

di st ri but FesenanRemh (NRﬁBX\ﬂngb’% uP1d by ¥ -pisiie pipsatieseppab it BpREtiassePiSr

pol ymer congcentrati gn %radi nt. The.pol yner concentration, gradi ent i

ot ned asngies g, se PedireBhied Mot s Fivens Bhangriod cihuliohlonds of by

pol ymer c t L i bl I r at
556 of 1 o 0P Soa bR sk 18, et o Sahlicaf ShEmidtn? RSboPREPESRAL A 2

react or heawdlyso canbaitfdtionf %ﬁdimgat@?pia'dl@ poitysitsd bproatiollat iméetegingdifent
inthe first reactor zone for baffled reactors, or at 5% of the reactor
| engt h dotlreseatalyist &ged sdutienddfdknawn soneerstainmsto the reastared spseifiedateetlor
reactors without baffles, and in the reactor effluent may be neasured by
t echni queB%%frown to those skilled in the art, including, but not linited
to, sanpling the reactors contents (via a sanpling port) at the specified

| ocation he t er m ni t [ i.gh t | q..aft e
evapor at i mﬁe nnglﬁgnc&nqglﬁgﬂggl(;\}g?\et%g{%%g)&ﬁglrrn%h(_gen g hg %g?téﬁe%nggg%ngn@P dtion
gravi met r b akilived 16'8btdh @athlyt coRpiti 6H aisghﬂ%%ﬂ Niths thee At doticifpatvh of
t he pol yner product may be greater than 2.3, or greater than 3.0, or

gr eat er t then fdrniatiar ofr 2 gp@ymenapradudt wdtin-d ibroadergmeterylammeight pndfor
products include pol.ypropyl ene honopol yner, an ethyl ene-propyl ene

copol ymer CORPEFIHION ene-1) copol yner, or an

et hyl ene- propyl ene- (but ene-1) terpolynmer. [0082] The pol ymer concentration
gr adi ent e formed..n the reactor b means for. mnimzin cks m xi ng
of "t e polGtadls , AR ItER ey Sk AF dhifinethe ilufaaroesiod dheiioh S B o
20 wt % or nRidg tRE @&é%?&ﬂhn”l%f“ea& ?Téba]sﬁ%q‘@t ?%%%ﬁéﬁgugors r Wnd QhalfNie. or

40 wt% or nore'to forma broadene ecula | I'stribution as

descri bedagthaitér cdmporieanst tige catalystisyseen hacke Firyt rcir Aste/oRha aflletior
content may include baffles angled with respect to the overall flow

di r ect i onresctarner aleh¥%edéwosideaol 9inthei reacionrengtbt omathehupstraaen feedt eotry
Anot her neans for confrolling the back-m xj of the mer react

Cont ent Mg CRERA PO AR ARt TeR 0 Gr oF Aoleasbed T bt JiehoR¥et han
5, or gre 0 & , n ter
Chan 100, OYaL IBORrky o 3 11 3094, diledst 60k, B Betests AT oy 1t 096, 01
content nBy at [KakudevPaifferbaf froas tiknebietnidationr stheanicdat kasOvRE 2htalydtow
direction of the dense fluid polynerization systemw thin the reactor and
an L/ D of ptecursogactame citalyseacteratoheomppnent efr thatcatalystasystd@n abthgosatoer
than 15, or greater th% 30, or greater than 100. [0083]1n another form of
this reacPre gempsieamdeed SREXABHK- gr adi ent enbodi ment, a nononer

concentration gradient nmay al so be created within the reactor to further
facilitate the formation of a polymer product with a broader




WO 2009/ 142730- PCT/ US2009/ 003117 - 34 nol ecul ar wei ght and/ or conposition
distribution (also referred to herein as a conbi ned reactor pol yner
concent r avpanoygisamoent / nonomer concentfati on gradi ent pemhisdéooeoiiy? One
way of generating nononer concentrati on‘Yradient is to allow a |ar ge enough
conversi on wi thout nonomer nmake up and restrict the mxing of the

pol yneri zati on systemin the reaction zone by neans descri bed above.

Anot her wgg013] PrPHi4CEombITRAOFREtGORESHraRté @Radiead] endndrerc concantation wit h
a tenperature gradient is that at |east one of the nononers nmay be fed to

t he react gradientahcaiplyst eempbsitionalispersioorembedimeant neajs alserpsodu¢repolymerne

or 5. oPESHELE PELh & GISCuRE TOEh! QImBaIOpS FsasHEeDy MVEMN, R B or

t hrough t upstr tLy benl otal nunber of
nononer s ?@Hl ?‘2’Pﬁgltgrage:@ﬂgﬁ%t%rocl)‘%%étteﬂgy%p@pfgt:t re%gbgghge&n?'r({? port and the
one or nore downstreamfeed entry ports. In addition, the concentration of
at | east NOJYET 4t I i t edndidr tleehderittte I eakli®kt zone
of a baffﬁg?jvge)ac{}ﬁrﬁg? X?S%C}g%s{c@{amegf ﬁtﬁﬁe reactor Iﬂengt heffgomlt he
upst ream keathdimeny Pentalyft crhpdditionfdispersivachmy alsy tre cedatédasithii%heor

10% or 20% or 30% or 40% or 50% or 60% or 70% or 80%  ,or 90%
di f1 er ent reacton tdunherc Smiitas ohe JPTTAGOR drfca F0lYBAS Profkct e drpademhe

pol yneri zati.on .system at e one_or. .nor streamfeed entr orts, This
Corb nat | SHIEFUIRESREBHE BoMF S RPPIHOR, GistEEioy CHSh AP rTERG GolyrPER 38 A f 2ed
to obtain C i g ent i thi h : t i tate
the' for BT CesE - AR REyAR, ORRRIERT st b BPSHOh SR Eion) or
conposi ti embdidiinent)UtTHIS enlBoddmRht ESMbaIYsItAE pofentabd] figren&sipdtherbduct

[ 0084] The effect of nononer conversion on the nol ecul ar weight of the

resul t ant malegular weighta apd eeyositionmobteineidiwith afforpat satady tspeotherviseal

pol yneri zation process is depicted.in FIG 3. FIG 3. shows that increasing
conver si oG ¥fd é‘sonﬁﬁéorbso!"f/‘ﬁgrt%ﬁvle & é’rf \tﬁé?@?{??ur?hé’ﬁ@?@r‘@' rr@r}'orpéff;’du‘gj‘t
conversio C r S

coner st OBoffsRipS e LTk WinkbAARS 8 ddlGAEESH: LIRS trote
limting, cbAéatraiidniteRorethiBaP@sstaced e EphditcatEmdploaverd ¥thdPomer
particularly bel ow 80% and still nore particularly below 60% Total nonomer
conver si oshaimsdeTo peddece titalyseicghpasitigrodispersiomdat leastaoneafttbe catalysted by
t he conbi ned wei ght  of. nongners in the feed to.the reactor, It shoul d be

under st oodYHRR TRY be el h thegteartonsi aRatpsisamciest SRty Pt PEHA TeaFtoEdndy
product Vip SRt 'oneobr e RAIVG!RIARE Thaly (63 AR %o h{Fe£A8Y 4f Yo lm ey

hi ghly reactTV mer- C ents pres | N"SOme fnoner _
be hi gher dbhiaRt8% fdear eﬁl?f?n%&s dfN@eStdatdt: PAf SadRVEthe Ofdtall nefnbet &t i n
et hyl ene- propyl ene or in ethyl ene-higher olefin feed bl ends nay be nearly
conpl et e Catapysd peddungpr @@ Uptayst dcsivdicrs lod sleeicatelyst systEidadzhe meantot hethe
enbodi ment of the present disclosure, the disclosed processes utilize
monomer ¢ YRSESAA afdedn egtradPert shewld Beolessi Hipnpdhs rFBE% ar ebr?ﬁtad:é yst

I I h a4/ Z . . . : .
wth a noRbguraed” safnarBsalen oyt Shia s tint th e GAHA 4 e kBRE”
| oop or apfdrelddiphdiRaln FEICERy WMok, AA8 tRE OREETFARM 8Nhf YeaBPbhE caBMydte fed
with one or nore reactor feed streans including: 1) one or nobre nononers;

2) one or prwuescrabrabys icatafgsteativalr ophponait aihtheocatalyse sgstameiry ees first)
optional one or nore diluents or sol vent s; and 5) conbi nations thereof,
t hrough t Feackerez@te Wpe bafldedireactoronal $% dowasserma therea¢iondenats frem be

ggg:ggﬁ;;%gﬁ%}gﬁ &E‘ﬁ‘? %ﬁ@ﬂlﬁ)@f ’é)(g?iult‘)ae e§freg SERAS shSRA TS le%gtcg‘%?sdr 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.



[ 0086] The reactor tenperature nmay be above the solid-fluid phase-transition
tenperature of the polynerization systemand a pressure no |ower than 10
MPa, or IwbPRag9/@e730.1 MPa, or 0.01 MPa ?ﬁl ow t he cl oud pornts2@vesxuT e of

t he pol ynerization system and | ess than’1500 MPa, or |ess than 200 ‘MPa, or
| ess than 100 MPa, or less than 70 MPa, or |less than 50 MPa and al so the
pol yneri zation systemin the reactor is in its dense fluid state. The

pol yner i zghiPBombiiRion of tdadas mﬂifmram andavacter sonditipndirhae bt wilized! vent
present, any scavenger present, and the polyner product. The one or nore
catal yst sysihtain a rastalpiet eempositiono dispersion yeithisr gheureaster tefaciditatgoths
catal yst activators, and optional one or .nore cat S su rts. ,The one
or nore cAPERANAN Ple@ RAIYMEL BIQYSE o Wi r(?ml?FQ?g?rl ngifr u tX‘F ts,and%r

non- et al | . 1et al - red, heteroaryl ligand catalysts, and | ate
transiti oﬁ&%ﬁ)t%g\t@a@gr;ﬁg{ﬁsoﬁ' [ 0087] The pol ynerization systemforned i.n the
reactor includes a honbgeneous fluid phase pol yner-nononmer m xture, with a
sufficien o] 0 i i f I tPESYEEBitioht h a
br oader nl?ml g‘ﬁr lvlvfesi Sﬁﬁ%‘% rrlg%ﬁlzg |f ?ﬁhﬁﬁgﬁhg&i h%? %ie?ép/(\zggils?shave Eeen
produced dixpefsion hembodiorert maycalso rprodace gredimentprodhets nwithcal molecalaght

di stribution as nmeasured by Mwv Mh of the pol ynmer product may be greater
than 2. 3, weighfr distrébutiaraps easursd gy S mwirgr@a%,r than gk badlegraafenthang.

Non-1limti exenpl a pokyner oduct s 4 ncl ude pol ypropyl ene honopol yner,
an ethylehggﬁ¥éﬁgﬁgﬁ&%96gg19%@?$&EQ%WBS§*ene-butene-1 copol yner, or an

et hyl ene- propyl ene-butene-1 terpolyner. [0088]In one of the enbodi nents of
t he di scl pr oge n . Vo Q& e
reactor - al0uloneft 8T Ve dholsR TonRSH Bl RSP MR IRYraBch P b cle

be fed tocbhposRismt dispetsiOn endodiRient,d@WnshorRM dopeeneMicy geadieat, tandaoduce
a nononer concentration gradient. Mre particularly, the total nunber of

nmonomer s feadtdro pélgnreracoocentmtomhgtadéenipsnayanlsbedwt eereatedpowithimaythse

| ess than the total nunber of noners fed taq the reactor through the
upst ream p@lavan%rmwrbwerar}@mg:&eow Srm‘ijﬁsérlhﬁqwqgw%ahﬁ‘laééﬁtmaﬁ%t s.
In additiqmp,_t cent i o] lieas ; I e "

pol ymer i 2§P i Ozyrg]t%gn&i%ﬁﬁ? %e&ﬁlrét&ﬁogggfoﬁr’l()fzégﬁleaq?ﬂ% ta? ﬁ?@g ?%rgg%)%lpogr at

5% downst gaaRb@fior htay 5186 RN adhfr@dthk6 @R h ROMHIAALGRBY haebctop ténipOatireof a
baffl e-free reactor rmay be at least 5% or at |least 10% or at |east 20%

or at | eagtadié@® aonomsmbeesicea@¥ionrgradicheast HOHalyst campbsition di§)¥rsion at
| east 70% or at |east 80% or at_ |east. 90% di ffe{le% fro,mthjie
concent r atbigg dre meshedyrdesgribeshabovhe Mpaddion; fhe Hormationeeh 2apelymesyst em

at the one_of nor.e downstream f ntry. . (.t e
ronomer _cBFEMSE S &Rl Paec i wiibit oot SuBbafitioh s Fbhligh Tty 40
reactors, helachieed HrohHE o EatabRatiofNet A fehidr (B P«ﬁhf@%fﬂdi@lﬁd aCf¥atdorport
of a baffl’e-free reactor, WD 2009/ 142730PCT/ US2009/ 0031T7 - 37 -
polymer concentration gradient, and a catalyst composition dispersion using the
methods described above. Moreover, the formation of a polymer product with a
broader molecular weight and composition distribution may also be achieved
through a combination of a reactor temperature gradient, a monomer

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



and at the one or nore downstreamfeed entry ports and at the exit port of
the reactor may be neasured by techni ques known to those skilled in the
art, inclwoi2og/14b130 not limted to, sangii ng the react oPsTasateOOAI{VIi a a
sanpling port) at the specified |ocationand then determ ning the nononer
conposi tion and concentration by, for exanple, gas chromatography. This
conbi nation of reactor configuration and reactor conditions may be utilized
to obtai nwithonoRBmogeneRist rpvlymerigatich eststerht fon produckrctpplyiners awithi t at e
the formation of a polynmer product with a broader nolecular weight and/or
conposi t i droaflesed nnelecalar wWeaigigodistibusiona Mdione partinulardy, a tibsilarpadaep or a
concentratj.on ﬁr di ent enbﬁdinent, c%%alyst cogpositiog.&isggrsion may al so
be cr eat edUlEH K T93tqrauith oneqs mope iced eptryinonsanay drded SY R PRE AT 810

pal yner p j r: j o] it

G st 1 but Faraeed oS ifERBing(C) £6HE L mifk RbnchelsTa) BATBP B SRaVSt o1,
gradi ent kygigis! 3P bptoARIoshd bP Mndte SREVErgeds; etbgstidiaiohe okompredilaents or

catal yst conposition dispersion, at |east one of the catal yst systens may
be fed tosolventseantddy) aimbimatipss theraof,abrbught the g or oforehiged entityopordhd at

| east one%$L t he catal yst systens nﬁy @f fed to the reactor at opne or nore
downst r earhcf BHINYCHBIONSMEGTS AR PEhasEN fromagthylanss DrPRYIEBEaPUEHEDer of

Caactor anerieoyakBndh Aepbts Bhofiiel Ah8choftind e BeRAt L Y R Tota

number of catalyst precursors or catalyst activators of the catalyst system
in the re?&ﬁiﬂf] atTﬁ@FeéE?@r RmPEafir IAY HeCasbveShid @fd-ﬂu%?hﬁse-ﬁeﬁﬂsiiikiﬁ
concentration of at [east one catalyst” precursor or one catalyst activator
conponent t@hpérature aifathy giolgmetieatiom syftenf andta pressuiromoz owerothan IaMP&d
reactor or at 5% downstream of the reactor length fromthe upstream feed

entry por©orof MPpapf|@1f MRa,rend:®r MRaubelove the dlewd point pegssaxe oéade 10%
or at least,20% or at |east ,30%,o0r l.east 40% ..or st 50%..or at
Ceact conpobimeizationdystihang iess i J3poaiB. of fest ein,Bbo MEBE arlPR AR T om
the concenphdipNyrAksd BanSATTIH, ok ‘i’@s%tth&}f1 50 W&'aﬁﬁ%h@@%%éﬁiatﬁfn Sfifem

catal yst activator conponent of "the catalyst system at t'he one or “nore
downst r eain fireetaeirriy iRdfst denséhilsidosade] rMelié polyeheri @iwnosysea@nfihgudas ioas and
reactor conditions may be utilized to obtain a conbination of nononer and
cat al yst ebnusatmendmersganyideuent o solivant presentasny scavengar préseat, andiibe

formation of a pol yner oduct with a broader nol.ecul ar wei ght and/ or
Commosi ¢ BRDESTITOBHES oRne RSSY] AT BT AEeRSrBRLIC cifpeorpatatyst

di spersi o .en y it Lan  dis i odi | so
pr oduce pgfﬁ%ke@rgr%%gfgﬁ%et%%%ﬂ g@tﬁtg{g’ \?g?gcﬁﬁ{ogflag? f?) ut&oﬁ%gés crre:’{ayssﬁr ed
by MV M gfippiiriat €Thd bR &r InoRr cotabat Sreti@drs3 afs chosé e nichdllbcne, or
greater than 5.0. [0091]1n yet another formof this nononer concentration
gr adi ent eatbhyisyemn-metaléeasner metdlyaenterednbeteroaryl digagdadatelystsyeandallate be
created within the reactpor to further facilitate the formati on of a polyner
product WTRRSIHOB e ?at?r&s&ul ar weight distribution (also referred to
herein as a conbi ned nonomer concentration gradient / reactor polyner

concentr at4 gragdi ent _enbodi nent) .. Mre particularly, the react.or m
Furtner S SERoRRFHAATRR, sysibhs ARG G b¥ ahediht SRebfist: fon
system | nPBHl%gEﬁé’cﬁIsoﬂuingﬁﬁﬁabél QOnYABMer ABROLE. AVt %ﬁf@i&ﬁtpd’l}'ﬁﬁﬁn the
reactor of 20 wt%or nore, or 25 wt% or nore, or 30 w% or nore,” of 35 w %
or nore, oonckntratidn@radiencto form pebjymer prodaentvithtd broadeadictedulasweighit ned
as the polynmer concentration in the reactor effluent m nus the polyner
concent r adliseibutipn hanfothexwisearewd haysebesh proguedd alpentslee eractr palyBwy of
the reactor | engt.h downstream of the feed entr ort .cl oses 0 the reactor
head of actIHBLPRERIRs of DO[ BRSICHEONSGRYALPH CBACKRE i3t Sefincsh A DR
within th t f j . L 71 :

pack- i xi BT (RfncBtatin IFHHE fedfor e MHichE MBS B ol T dHFhetalin in
back-m xi fig dfrsto@bacrer ZoBeCimra cluffledt réacedrudesatodPs | ef thegtedidrf dength
exanpl e, perpendicular) wth respect to the overall flow direction of the
dense fl udawpsirsamerofzthe deeds gatrynponttdlosest He thearsaotor higast irera hefflesfreer

m ni mzing back-m xi ng of pol r..reactor cantent.includes a

'engt hi di Iy Bi¢ PRI MEERRAentatigR epdiont Harhs, first Fegelof zne; frarbafied of
greater than 15, or greater than 50, or greater than 100. Yet another neans
for mnimzing back-m xi ng of



pol ymer reactor content includes a conbination of baffles angled with
respect to the overall flow direction of the dense fluid polynerization
syst em wiwbinostae7aneact or and a | engt h/ giameter of the PeaatSEI090H631gT eat er
than 5, or greater than 10, or greater~than 15, or greater than 50, or
greater than 100. 100931Thi s conbi ned nononmer concentration gradient /
reactor polyner concentration gradi ent enbodi nent may al so produce pol yner

products wddiord, BPLESY oF thiekdittordienlth Bowhotmeas ofehs feed ehiry \Purivbloatst
greater than 2.3, or greater than 3.0, or greater than 4.0, or greater than

5.0. Cat alty she Ganfdicaddior Beanpersswisho@nbaffiessandsi] teoepcior effuerirmay be

enbodi ment of the present disclosure, .the processes utilize catalyst
conposi t i MFAgPEEde bYi Grhpigues Ky (g %P?n%‘ﬁe ilp ht?‘ﬁr%%dé‘?fgﬂg%l’ | Q¢

operati ng s S TARRE UL P o tied®® (@i N IRHE pSHI R ShE RBEk Hed
utilizes yh@itidatfee thdh déitérhﬁhgig:ﬁfe pdlyhdee v%i?ﬁﬂ@f tma@a@plhaarﬁequ?b@ti@@d

conpositions obtained wth different Catal ysfs at otherw se identical

condi t i onshe Bynpmetand sodvgmtdtdedermine the polyrher canveatratian igravioietdoalbyoner s

in copolynmers or the concentration of stereqQreqular (isotactic or
syndi ot actlihe)malsaulas mecight disipysiomas mepsirad .byml\@w thepalymer produgiul ar |

fed w tn SR bt st b oo o atrailet tadha P Bisfics 1hdp et BRAG ah °°
MONONEr'S; 53) 0n?\l@d—limﬁﬁgﬁa&@rﬂﬁlﬁrﬁy?ﬁ)ﬁﬂﬁér 3brm§n%clﬁﬂéag{jolg¥b§ylene

scavengers, 4) optional e or nore dil'uents or solvents;

conbi nat i homdpodymef,, amr edgfichdpropene roopelymed ent ipropyehes-(biteacd)e or
nore nononers may be chosen from ethyl ene, propyl ene, butenes, hexenes,
oct enes, €§epYET, aber edydenexprppydens-(hitersrd) taxpelysaet} 0095] The react or
tenperature may be above the solid-fluid phase-transition tenperature of

0.1 tpar 490601 T baltasy vonsccRofanaaienpudcs dogned pu the teadtorbya
means for minimizing back-mixing of the polymerization system to create a
polymer concentration gradient of 20 wt% or more, or 25 wt% or more, or 30
wt% or more, or 35 wt% or more, or 40 wt% or more to form a broadened
molecular weight distribution as described above. The means for minimizing
back-mixing of polymer reactor content may include baffles angled with respect
to the overall flow direction of the dense fluid polymerization system within the
reactor. Another means for controlling the back-mixing of the polymer reactor
content may include a length/diameter (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. Yet
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



pol yneri zation system and | ess than 1500 MPa, or |ess than 200 MPa, or |ess
than 100 MPa, or |less than 70 MPa, or less than 50 MPa and the

pol ymer i 280i2000/”8yBbem i n the reactor is,jn its dense fl ecCu/Gse@vmo3iThe

pol yneri zati on systemincludes one or %4é nononers, any diluent or solvent
present, any scavenger present, and the pol yner product. The one or nore
catal yst systens include one or nore catal yst precursors, one or nore

cat al yst asdlesulpveeighndndfuri corapositionndistributione (also akfesteds ipherein. asThe one
or nore catalyst precursors are chosen from netall ocene catal ysts,

non- met al combiredracastos cRokimeer, concentEaiiqn LRYIENY CaMANQEEE CoRfENiratign
transition tal catalysts. J0096] The conbi ned pol yneri zatign and.. | yst
syst ems f&Fﬁﬁ“a‘i ‘?{nsﬂ%nﬁ/“éﬁ td”ei‘?ﬁ% fuesnga B%Sb%’ﬂoé’& SC?QC&Ph‘aﬁﬂ%%&hg&t%

pol yner - i i | Gk NSRS i dnf i si on
to form %%ﬁg’ﬁ?’e? %Ir‘%%gg?ﬂ\%& [& ﬁﬁgéﬂé;%fag\’émlqg%u ﬁg?f wel gh?ﬁd%dg?&ﬂsgﬁftctpgﬁ t han
ot herwi semiritigd ofialie fagemepizatus aysehs dnttheheacdorlzome by meaist destribed

di spersion. The nol ecul ar wei ght distribution as nmeasured by Mw Mh of the
pol ymer pabovet nApoergmet efo tpraduce 33 oronfiaek e¢onceAHaBO, gradigitedier
than 4.0, or greater.than 5.0. Non-I|im¢ti ex | ar | ymer products

| nel ude pSPTRNRAATRE D oRRTTpMEr Eradicnt inatalsry e RethedpORgREr may
propyl ene - e I P < yner .
0067] o Pasiad the FaRby A b siurBinChegh G PEARHAERCIA BRE ot bl
catal yst sysHorRers Ty be fE@do ttRe FiR toreAC R oo depaistream feeddnet portsor t
of the reactor and at | east one of the catal yst systens nmay be fed to the
react or aMaepaticularky, dbeniotal emmbercof monomarsfed tofthereactonthroughi the

addition the tot nunber of catalyst precyrsors or catalyst activators of
t he catal }‘E%tr%%i%taijéﬁﬁl ICALYHROTL dBRY gF’ Igss &ﬁsﬁo@aﬂﬁm %rdotmqrgpngﬁ;ﬁt edrul d

be | I '
of the caty yeprory Bt @lat e iRt R offty REFGHESHE r o BAR MabaBia T, °

entry porfsed emdy tpdetsCONe aalitRin, Qe Rondéntk/RHH 0P A€ 164k AInESoRbATeH A theOr
one catal yst activator conponent of the catal yst system at 5% downstream of

t he react polyneerigdticinr systeine inughe¢ rfeamréaddr eone yofpar baffledutahctor at at €86t 5%
or at least 10% or at |least 20% or at |east 30% _ or at | east 40%@ r at
| east 50vsownsteameeisthegpaptas lepgth fam theyypstgeam feed gatryger ofra Rafflesast

90% di ffer.ent_from.t onc ragion t bea ca S

or ecur sor 158 TAEBTIPAY SECACEAN, 844, 01 B 08 R0%T of nORaBL AR AT ¢ e
one or MgRoLl/MTRLL EFBI%EHr 90%4 difRPENtSfrorhNBe €Bh8tMPitiGiPIPERI sahf¥at least

di spersion 1n the first reactor zone for baffled reactors, or at 5% of the

reactor | engtnhoriomen irhéheupstyneariaatioadsystdm yat ghe toneforamoad tbemktreamr feadt or ,
and at the one or nore downstreamfeed entE‘y ports may be neasured by

t echni queSNRN @RSt ol hik sembinatiqneet Faactaseconfiguration e FRpctefiondsions way ed
to, sanpling. the reactors contents (via a. s l ing. port).,at {he specified
| ocat on SR HE AR BopRies olshiaRrR A aRidle Wikl thae285E st
Pr ecur sor £51;QRe (kA tBiNSoR G & EOBPOMIRAtwRE 4 RRosRiranbRcubat SHRIBHRY ,
for exarrpfe,“NlVR or UV-vi%I?bI e’%{g)iﬁr(r)xt g? spec")tvroscop?c met ho él knomnrﬁgn t he
art of anah@/fr caempobiivrsdisiributiuns conbi nati on of reactor configuration and
reactor conditions may be utilized to obtain a catal yst conposition

di spersion within the reactor to facilitate the formation of a pol yner
product with a brqader nol ec&l af. ' 0 tddi stribution. [0098]1n another form
of this catHQRE BRCALIGUON IFAGIEN LINNCURENS ment, a reactor pol yner
concentration gradient may al so be created within the reactor to further
facilitat f t] 0 r t i ecul

oot 1 3 Tl ! LRy U BRI 68 bR TBh B
conposi ti pgkufthsiP PodyRer / fok e@%r@b%rr&lzy RN ORSIC BNt AHdrRdgdedds efifpercritical
enbodi ment). Moré particularly, the reactor may further includé a nmeans for
m ni m zi ngolyawdrizationnpraxfess lie dupligtadrinz FlGor3.syEIGm3 showe thetiénareasing
create a polynmer concentration &radi ent vviihin the reagtor .of 20 w % or
more, or SSRXCISIOBr IRGWees dhe 3pofimeiormptsculary weighty o bhergfirg, wonamegt o6 or

Concent r aEPOIEH R e BrtaBfb A RE b Benit ¢ MacrBte, AR mofesbint Valehs of
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
baffl e-free reactor. WD 2009/ 142730PCT/ US2009/ 003117




[ 0099] The pol ynmer concentration gradient wwthin the reactor may be forned
by a suitable nmeans for mnim zing back-m xi ng of polynmer reactor content.
One meanswbanoami4eism zi ng back-m xi ng of £O| yner reactor PCOruseomw/0b3iet udes
baffl es angled with respect to the over3d 1 flow direction of the dense
fluid polynerization systemw thin the reactor. Another neans for

m nimzing back-m xing of polyner reactor content includes a

| engt h/ di @repelyntdr rhide reaglivén ffacgire dExasmplagy) But mot lgniaige totaharonbineror
greater than 15, or greater than 50, or greater than_ 100. Yet another, means
for ni ni misinghe pess konveisiapsodrepblowe POVe dvors pavinudanly ibedow ddYogand still

OO oL STl BB Sine SohBih Bbhabh ey Sasdhen o

| engt h/ di . r . . . 1O OF
ar eat er 1 RLR0BEntmaE 18 A dr ShugeF gl the Lhbineq AeidiiH FRpadefs dthe
combi ned gadhy sthe CRABRE! t TORhEURIPBE Siifderitobd atia@rwiiidd WHigh toedlcatvinoaidron
gradi ent enbodi nent may al so produce pol ynmer products with a nol ecul ar

wei ght di sonvérsionas oftennimited dyy prpdvoy Wiscaxitygerely producapropesty mrgefscheer
than 3.0, or greater than 4,0Q, or greater than 5.0. Reactor Desi.ﬁn ‘][’Fglglm]
Any type &PNYRISipRe of z89menhigidy FacHBe r MONRRIST HCOMPORENtSBIRSCRE dRt FMGus

f eed and t i NUOHS, Pr.educt v r io7 C i i wpterniit f eed
andior i ntBArE e aChRAHE LR, BleheRn@t ¥Ra Pt SHEDIE, Berhibic Bl
for produghigerBRnY B ethylthd iRF QAJRNCHrEBYRAR! & ietigNEnélhsdHerbetetianfeed

di scl osed herein. The dptinmal reactor design may be "determ ned by standard
engi neer i bieridsahay beasatpecompletet(appmashing K% pandés discloséd bheemcal
engineering. Non-limting exenplary reactor designs include autoclave
reactors gal so referred to as a stirred tank), stirred tank with or wthout
an ext er nd¥08op, Int anether resabedimentnaf| thep presant odisclpsuset dbe adisclsed

0 e ar PROCSERCINILE PESRGr P oRRU BB iSOl [ QPRGSO RG R Bty

CSTR  The ol ol Sm@%u?aﬁe%@@%amﬁ i:@ﬂk)byitioﬁr A biRforf 98! §9contifudu’o! i ng

may be achieved within the reactor, 0 ough a reactor jacket, or

dedi cat ed r@x¢t@f with 2R&hog¥adARgsoly ARPiZatiBY shsteANPM e pafticuladgch aubsulef, the
pol ynmeri zation system may be nechanically stirred or unstirred. \Wen nore
t han one ndaep or aisdirtad tankadactar sdfbpnaior anorsffead €otryavarts mayikbe fedowithnd

tubul ar reactors is also g‘%ﬁsi bl e. .Iqu g.omje 1senbodi ments, the reag&or may
have mul t iOBF & A TEAFIOE dreshstseams IRprdingn oheMesHT BIREF SRORQINETSy &9 LBF A
create no r e Lo | .C il

i sper si ot CEGATAST Frafiny” G Uranalohe Mh ot [RhAonkihs:#"8pRERAC e of | oy
react or Widte Rifulehgdor S6I&en&H AndL8 )t éddhbinatibRS thebof) AhisughRtieesid 68 mMaeF! G
4, a stirred tank reactor with a stirring mechanismS including nmultiple

i mpel | er s feesl serarpartsd iThe onkrere maracmonomsne gayl bezchosendfiz® ethylengeries
of internal b ferE angl e% (for exangl e, gerpen 'cuI%Q W t h re%pect to the
pol yrer i z REFRICRS; s PRISNES o HEKANGSH cOGIERRS, oficcenss, [AOg8eeNESe APEl | EAMPMALIONS
fromthe gﬁ)t% {nof the stirred tank reactor. Miltiple feed injection ports,
desi gnat e ?—;., "F2, F3, may be optionally used to create nononer
concentration gradients and/or catalyst conmposition dispersion. [00103] In
some emoibﬂ@;t S Phe OO raflire Gh2y WeabdveetidWdli R bgid ?ﬁﬂsé—ﬂhﬁﬁﬁibﬁn
ports, designated F1, F2, F31n FIG 4 may be used to create a nononer
concent r atémpergtirdiofrthe tpulpmehizatien sestetroandy presdiragqoalowaathianol(e MPa,t he

nmononers to the reactor at an upstreamfeed entry port Fl and feeding at
| east oneoofl tMBajyondidr MRa end.QlkeddParbelowoilee slouthmoirfopressieaoffBed

entry ports, F2, .F3, wherein the total r of, nonone to .the, reactor
Chr ough+ mebisization etsah antdosoBne 1500 B, LSS R0 M o hekibaR” o
nononers f t ot u and the
o von SO MEALBEIESSIRARTOLIRI0E 5SS 84S p e
concent r ats{98moin ahe |reastor aseinTigod@isei fluihstapel yThE | goly i ZAyishesystémS5%
downstream of the reactor length fromthe upstreamfeed entry port Ft is at
| east 5% imslud€dopnaoior TBOGE BIOMRENEIspANY SHueat oBGHIvant presento ANYFEAVeRZEE0%
or 70% or 80% or, 90% di fferent fr the concentration of the ﬁa(ri*e at

| east one PRESABM@Nd; e ROLYIST PRAGUS ar FRnOLS OF SMTS Cafdf¥stoRStgps irlude one
downstream feed entry ports F2, F3. This nononer concentration gradient
approach in the reactor may be used to produce a polymer product with a

br oader nol ecul ar wei ght distribution than woul d be produced w thout the
react or nonomer concentration gradient. Mre particularly, the broader

nol ecul ar wei ght as neasured by MV VMn may be greater than 2.3, or 2.5, or
3.0, or 3.5, or 4.0, or 4.5, or 5.0.



1001041 Alternatively, the nultiple feed injection ports, designated F1,

F2, F3 in FIG 4, nmay be used to create a catal yst conposition dispersion

t hrough twe 2o@a@tn by feeding to the rﬁ ctor at | east eog/usatloyxl7 system
at an upstreamfeed entry port F 1 of thAe reactor and feeding at |east one
ot her catal yst systemto the reactor at one or nore downstreamfeed entry
ports F2, F3 of the reactor, wherein the total nunber of catalyst

precur sor greforeaabdlysitprasiirsUa, 0he oF andre Gitalgst awtivaedrs) aed optysiiaily, iometdre
reactor at the upstreamfeed entry port F 1 is less than the total nunber
of cat al ysmnorpr etalysosspports at Bie oheaet imoue qragalyst presursoralayetchogen dfomn t he

reactor at the one or re downstre feed entry ports F2, F3; and. wherein
t he concer‘i@f’rtéﬁ?%eof C?}igg’lsé‘astn%@eéaﬁn%ﬂe?& @F?&W@Eﬁre& Eﬁ@“&wgl 31:&”%

activator ye t min the first reactor zone or at
5% downstFé%ﬁ)sgg%@helg{ee%%%g?&{l g’#%?%caﬁlg%n&t he upstream feed entry port Fl is
at least 5% or 10% or 15% or 20% or 25% or 30% or 40% or 50% or
60% of 70fog7y OPKe YolAAUSIIIEr Spieh Ok CANCAR! @R Ghellidgs Sae at
| east one catal yst precursor or one catal yst activator conponent of the

cat al yst $ypatopeneous flaid phascopelsnzét-mododier niixiwres atith § sufficiepoaidnonrer

di spersion approach in the reactor may be used to produce a pol ynmer product
with a br caaesntrasioacgradientk form dipslymeuprashuct Wath abreadepaqleadac 8@ightt hout
the reactor catal yst conposition dispersiqn. Mre particul arly, the broader
nol ecul ar %\’lﬁ-ﬁ‘ o s&‘ﬁ’éag Ewlsﬁywla/hﬁﬁﬁy%ﬁgngpwgf:dt?\téﬁ‘?ng.té,g Blongmer oy
3.0, or 3. - Q) : , 5 : B ri,Rg , the
baffl es ar?gf‘%ﬁ{“(af‘%’?’ g%dr%g?lg, gglre pgﬁjé?%@?é%élgﬁg g%ﬁ‘ir{:bgllfﬁ%@olaﬁaﬁeg\s/\nﬁieﬁ P gspect
to the fl owdiinesf tenpolynidieprddase nidyubel gpedtymeanz2B| on gaystbethad BlY, rort he
reactor to create reactor zones Z |, Z2 and Z3 nay be used to.create a

pol yrer c@neaden thani 40, gr gteatar thyn 3@. wNemslimibng exemplay pelysnar productsor 30
wt % or nor.e, gr 35 vvt%}gr note, or 40 wt % or Hg e through contrpll ed back
mi xi ng of RHEIGoPYREFPRMERGn helRapolymehe 390 STR¥ICNERIEBYERG COROYIMALT: o ft

approach 1 C g L Rr | ecul ar
vl gnt - di STerhons BERrkSL PERTY AR Sol KT IerRE A hent bl 1l RARTYmich
concentration gradient. Mdrre particularly, the broader nol ecul ar wei ght as
measur ed Wﬂgﬂg'/ MGe SLtHS'RbEdintdtR ol thd diSElodePprd¥iesstsDat 1RhstSon ofdthe4- O,
or 4.5, or 5.0. [00106] Alternatively, any conbination of a reactor

t enper at uneommagts anayp benfiedotwethecreacentatedn opstorandifeed sntrpgiortrand at least
concentration, and catal yst caonpgsjtion di spersion nmay be created using the
stirred t&nAR ofdhemeeneiagiscnay benfed o the regclor 3 vue yonpredopnstaemsiegdt h

br oadened | ecul ar wei,ght distribution gs neasured by My M, .wherein the
Vi -y BB st PIRHERE 5 TBhimes coRBeyifay PRGN O MEHE il de' O
5.0. [001Q4h) fhber ofl RRINOhTerd Te & X6 MK ?éa)éto?ctﬂ%l?éﬂ ﬁlegigs?r.eﬁﬁi féeﬁclarft@nbort
reactor with baffled jacketed zones and nultipl@® I njection ports t'o create
gr adi ent s ntdy bertpsy dianr theatoddlonumber @ftmehomerso fedroom the reamor thropgh yther
and/ or catal yst conposition dispersion. The reactor tenperature gradients,
nonomer c@nmﬁmafpgfgﬁngyam@mnsl, theopRaeF meNfcdownstreasn feedh ¢ntrat pest In
conpositi isp ations thereof .discus

i i d abo ith
Counoet 't Blatiel e L GhuenAtigh Whiar Bt e hatoRet of 5 BRRESsEATn Bstein

depicted i r b I r
we ght i 4 g SrstckeEloP BRUTR o B IR s &t 294, BoPhoReiin it (HR Akt
havi ng bafidrgele fioin kié egsaonasfetdrentsapdarofzobasilelirce Z2actod nddy bochttlbass

allowing the creation of a controlled tenperature gradient within the
reactor. Gbaldrmaf lsastel¥p, or at Bast 28%ras aideastt3) %y ov ptleashé0%p @iriaideasidi a
to reactor .zones |, and 73, ¢ ctively. baffl.ed j ef. zQnes
al | ow for Sgg/%é%{cfltéfaastteéﬁ)@r gt at ieagv.p gﬁ%n‘?r ?tol‘%ét g‘fi‘z’atoéc?t\/ha?%gﬁ)%}f’ﬁ{éﬁ%é‘é{gt or

vi a heat t r JBR ature
gr adi ent %&p 3‘?%?8%%’1%%&“ gfregifﬁc \%att\r,]@%ﬁt??neren?l %Wn+ggu¢§?ﬁ%%§k?g§§é

br oadened sy@kmcat! the 0¥ P indte doviitidagn fédd engh poetst 6104t te éxie pereaThen and
control of the tenperature gradient in the reactor. Simlar effect may be
achi eved Ipyonoinzeri cogcbmtaati@x greanerdr irs thef fast seactasrzoag £op bafftasbicaotprs, airlas  or
tuber bundles within the reactor, This technique may b S 0 create a

t enper at ugé/ gf the weastorilenath Trar th%aeﬁ%?araﬁggi gatrepofieha Es@je-ﬁﬁe §FacAPler
than 20C, or greater than 25C, or greater than 30C, or greater than 35C, or
greater than 40C, or greater than 45C, or greater than 50C, or greater than
60C, or greater than 65C, or greater than 70C, or greater than 75C, or
greater than 80C, or greater than 85C, or greater than 90C, or greater than
95C, or greater than 100C to produce a polynmer product with a broader

nmol ecul ar wei ght distribution than woul d be produced w thout the reactor

e A o - - o



[ 00110] Pol yneri zati on processes of the process for producing polyners with
br oadened nol ecul ar wei ght distribution disclosed herein al so conprehend

hi gh- pr esworeowgamsbors where the reactof_is substanti al PgTmuse@ambitee with

t he pol ynerization reacti on conponent s-ahd is able to withstand the hi gh
pressures and tenperatures that occur during the polynerization reaction.
Wt hstandi ng these high pressures and tenperatures may allow the reactor to
mai ntai n 4Hg dtl the brieLdF Mae d@Mohstrsant feéd ehttpepertd hhdalt theonit pem.of-ihgher
pressures may also be required to maintain Iirquid-filled reactor conditions
i n sol uti ocachord yn®y itkatmensuréd dy, techmiguese knawaw dot thosbusidlled pisi the ddrt,t he

| iquid polynerjzation system ting exenplary reactors .inclu

/ST, Non- 1im e
hi gh- pr es §ifladings byt EQEK%Iﬁﬁ’pthF%‘QRHng%% reActaRs: teRts (Vignyy S?‘HBUP&&’,O"S

of the. pr 8Eads PErTRRCIBRRE"wd JhEP depmhine, s TaBRRHFE Sofio-flhpipaceses
di'stri but LeRcdaRACEA!Br kbl &Ntk CHBmANAGHRY © 1AL SOmbAAIJPSE HAcRS

stirred tank) and tubll ar reactors. Typi cal aut ocl ave reactors have

| engt h- t ocdnfigetationr ahd omeacforl condiviodd: hagndeauvdliked t ®d obtaih a moglonspeed
(up to 2000 RPM nmul tiblade stirrer and baffles arrar}ged for ogptinal

i xi ng. Ceapeandiasionagradiani weithinethe reagtosta fagibitatg thy fgrreatien of Rapolymans

comer ci aPraRtich YL 4 8o inelESiat iR ol G e ool oA SRIRREEE" 1

mechani cal and material science technol ogies. [00112] Tubul ar reactors may

al so be u hn the oc r duei ng:.p W e cul ar
wei ght di m%ut i i(gln gétsc@géphgﬁg?nggn ﬁoﬁéxggﬁ%fcgkg?%%%l grrda(r?éergct ors
capabl e otmbRdimbht)dcatilysO caipisitihd difrersibHbilagr alseabt ofrearde withih eiew t h

external cooling and one or nore injection or feed points along the

(t ubul ar) reastart toofutbere fachstate theitfouhatias oft heotymery rodunt wshm dreadere as
entry pointg fqQr nmononers (such as .propyl ene), one or re, cogonaner,

cat al yst, “B)je‘FHq% Vgt bfmfl;ﬁ’és“é?ml’?ﬁl 108 (1841 OUdLoR; Eﬁﬁ%o r@%@dnéﬂ ri[’gl‘)‘?ﬂ‘i?’baoften
allows for J r [ agi av e the
ow sur t aceirBEEF IEn P TpcSAINESE SAgleR ™ ik, WpeREE FonctIEh°
reactors BapedenmeRgCi Bd Rodh&s a\b@ta{ysttmh?@mﬁ /fishersione as Rt She dfvmke
backward al ong the tube. The shockwave hel ps di sl odge any pol yner residue
that has tatalyst systemsaniaygrbenéidd $o the reagtampatr an upstreaiht feed amityeport afuthel ar

reactors may be fabricated w,th snpoth, unpolished ipternal surfaces to
addr ess waACtIepwkit lgastionsuphithe cately ot systsane may be fed to s spetosat gpeSur es

and. ray e Hepu bt R e RCb AR RL A PeperchoERAR A The Sy HUBGEIS)
reactors bauRyst pRSisdrd ol icBiY R lactidhioR$ of thel GiudlysPs R che aastrongl mele up

to 10 different injection or Teed positions along its length for the feed
conponent spstrgad® 1feed Entrpopbrtashaddabeslesndthanbthartotatantmbsr aft catalystt i on,
feeds are typically cogled to near anbient tenperature or below to provide
maxi mum cBUICUF@TaRa catalyst pgkivators obthereatabyss ysterbin the reaptorié the ARe rof

operate. apcet seOsRERaR Sy aordaF AR BoBRSTEhloRCar & BaSUOR S (e
First mxXpRgui@RCorate Sy Rafckivitor SinpARM I feiheSediayst Systbmbifl e first

reactors, the first section of doubl e-jacketed tubi ng”nmay” be heated

(especi al teactdr &iner 6f apaffledtdaeton dram SHodednsinchmaf thpacadtor donpith froons! y.
A wel | -desi gned tubul ar reactor is characterized by plug fl ow wherein plug
f1 ow r ef eths upstecam dogdantry mertvof 8 bafflierfaee reasten shauwd beatteleast $%y @icds. I'n

both nultjzone,agutocl ave t ubyl ar ctors, ca st n ooNnly be
nj ected leBSt FRh of i TE20%. o B e AR, one lsnS el gt of BBsh LR < ne
reactor. déal o] i ey j

ot s canipeo0re St IRA0IRLFCACRARE BOUE SOHCIeaR 0N Rl TRorh e
concent r agoruentradibal ofsthefsaatk seleast o cataly@upreairyoresr 0Rs icgtalyidcaivatogy

within a given reactor or reactor train and/or maintaining the desired
product i véemppnesiti ofethg|catdystisysteaaet the onmer moreidovastreansicrd | optmrporés.i on

Process ails 100114] The remai nder of the descripti.an sets forth the
etai s ofhEHESMBISHEN R aEioy onDEaratian Bheceadan copifbs mu, bé ifized
supercritical, solution and advanced sol uti on processes) where the
processes and reactor designs previously described for broadening polyner
nol ecul ar wei ght and/or conposition distribution are advantageous. The
advant ageous processes and reactors for broadening pol yner nol ecul ar wei ght
and/ or conposition distribution disclosed herein include a reactor that
operates with a honbgeneous dense fluid polynerization system

Pol ymeri zati on processes that operate in a honogenous dense fluid phase use



[ 00115] In another enbodi nment, the reactor operates at conditions where the
pol ynmer dissolution is substantially aided by an inert solvent (solution
process wenreowtae7pol yneri zati on nedi umhéont ai ns nore tram/u$000408513DI vent ,
typically nore than 60 wt % sol vent) as™fa3 been disclosed in PCT

Publ i cati on No. WD 2006/ 044149, herein incorporated by reference inits
entirety. Both solution and honbgeneous supercritical polynerization
processes t@lodvdifli N BoMBINATRINS of Mchoherogrhestddy st Icohderstiation geadidiets peitliiar med
in a bul k mononer phase using essentially pure nononer(s) as solvent or may
keep the pin¢ yreaetor rtot ecilitito dbaefarmationi of st qrodyipgr eprodogt nyithirg ibreader
solvent in substantial co centrati,onsﬁlﬁi g . 40 wt% or nore). The solution
process preRlpelar pisight YPnEHMBOHHSN HTYOVHYY d phase either in an inert
solvent or in the essentially neat nononmer or in their mxture in their

liquid st The. honmogeneous supercritical . process provi (o]

pol yner i c(w@md sTg{sec ’5}“’&'?%‘@61‘9‘??{86'{ r‘fé’“b"oqsﬁg} icﬁg%elrglgﬁcg&???#e}; cltanpaelﬁ%t

i nert sol - eth j Linrodiots Wich g
thel 1 supermpopliddisperdss SRRAnent Gy AROITEILEE PolyhBe prodlotd Witk &
process f amolpeldticieighpdistributiond dsh nivasaddnby Miw/ddnil off gyeaterhthadi 235 idrut i on
di scl osed herein may be incorporated as one or nore of the reactors with

t he i npr ogeerterthan 3e0,mrgrestst tlan 40 poeregtesdhemdr® to i nprove blend quality
and reduce the capital and operating WD 2009/142730PCT/US2009/003117 - 51
- costs associated with a conbined polyngerization and bl endi ng pl an

di scl osed?&?}g]dl. S. rPaY%tntafKﬁEF’i c&idn %E@Z/'@@Q‘?@GQ PPPE@‘%“%EC%W&’&?“H?,
2007, and e}#ib%diljﬁ?%tg %Lreartg):: 'é)ﬁbﬁ]xhgp COQ&L}U%?#ORZ%%EI&I%E%{ Ha{ygﬁﬁ%ew&&gd Wit 08

herei n i ncorpora y cern elrr emire n-one oOr nore

enbodi menfife rdalforRo0ReHSr ifAGIitAe the BotnRtidn6f a ipdlAnBPpSTRICE Z@H &'bréxdErem
one or nore nononers (advantageously propylene) wth a catal yst, an

act i vat or malptulenadightc distributon ((alvarefeyed ts | hereinhgs @aneombineehmohonierxene-
|, or octene-1, and conhinations thereof), and optionally iner E{Ogl | uent or
sol vent, &Pneentratioa, graghentyhJeactep polymesransesation sradiand epbodighenihove

70C, or aheve 80 at, a_pressure above.l MPa, Or ve 5 MPa, O ove
10 e, olig st SR the rBEaR TS, AOREF it 1S 0 RepB B i 2lnsgBadS e
pol yner i Z%ikﬂ{gnsdisttﬁér! Pbﬁ)*?ﬂlél‘iidﬂﬁ)nr @96l - inl QRd 1fehctdt 29€ cRIatéT04 Epolymer
enbodi nents, the density of the polynerization systemis about 0.3°g/nL or
nmore, or aboeintfatibnggratiemt withia,thereadioridbf 00 5vtdh ok moreyor &5 wi%adrombrd). 6
g/nmL or nore. In one or nore _enbodi nents, the density of the_polynerization
syst em i s Obf30k MEP @r3Mgre ok 350wk §r inoreyrorf 4@ ivtye30r ME1S. 76p hg/ Relymego1191
In one or nore. enbodinments, .the.steady .stat olymer vield (iL.e.,
conver si ofoBiSHaORe BRI ol MEARES ot etS PoBRRL EoRattiftion,fu P’ wastoss ¢ ne
mononer,  ffidnt Bfls e W/ r LOReARAABR in e ﬂf'st:r%ﬁétrorzﬂ)n‘@t & af bdffRd

0

nmononer, or at |east 30 nmononer, or at |east 40 wt % of the
mononer, egacédr dreatsi%sY thieYeadtot hengtivdommistrear aff theefasd efifrywidis ofoststao
nonomer, or at least 70 wt% of the nonomer, or at |east 80 wt% of the
nmononer, &e eactoshcad of ahaffleflreqecagiotoner. 1001201 In one or nore

enbodi ments, the polynerization conditions are sufficient to dissolve the

pol yrer pr[&%%t i"Phet r};%lyrrrggro ggrrléesn)tra%ro%sgergtdiein? v&it e1nI tihguriegctor 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



state (i.e. "bulk solution polynerization"). In one or nore enbodi nents,
the WD 2009/ 142730PCT/ US2009/ 003117 - 52 - polynerization conditions are
suf f i ci erwoOt2009di420!1 ve t he pol yner prodgg in the nonomecga)s2@wesant in the
supercritical state (i.e. "bul k honbgenéodus supercritical polynerization").
In one or nore enbodi ments, the critical tenperature and pressure of
reactor blends are different fromthe critical values of pure conponents,
and thus sepaner rdactst comenainchudesal combimitivnustbaffleyemgléhwitheespettt ocal
tenperature of one or nmore of the pure mononers (e.g., 92C for propyl ene)
are possi the.overalbflovordirastioneobHdlatt shenss fluid ol pmerigaiders syatest iveitkinntheh | ow
melting points as | ] anor ph mat eri gl s can _be produced th

foul | ng SVEtLRaA TeRgtBRIEIF Of dhe BN GPAEh e T reRICE AN T, & at
tenperaturg t I| uid state of the

pol yner i Z?%;éag%pﬁxtagflgm ?%P%ggr {rhggcstbgr?%?)&%ﬁ@se |0(r¢st ances, the operating

t enperat ure can be bel ow the boiling point of the reaction m xture and thus
the react Joog3 OWﬁfsatc%n?&ma@%ohén&frt%hcreﬁ&ﬁﬁbﬁd%mlé}ﬁ Vi @dbbrf pbl
conditions. In sonme instances, such operation nodé could be desire to

achi eve hicghcemtation gradiaitgbmbotitierstnthalhalso |pradoed polymer peddudtd/mrRlh a
particularly in the manufacture of copolyners, such as_ propyl ene-ethyl ene
or et hyl emeoletgiae weight |dmstebpbppn@r mea§@t¢112by ‘Mav/dhe ofr 2restd Biaoidredtt s

t he polyrrerl on .t eratur bove t he p0| nt tenperature of t he
si ngl e- ph&EE? fﬁ)‘%‘ﬁérﬁ 1 §TGACL prgmglte;retﬁ gr ‘pressure. More

advant ageousl y, the tenperature |s 2C or nore above the cl oud point
tenperature of the polynerization systemat the reactor pressure. In

anot her erslveEObmpobiidncDipesdion Embbdigémeen 40 and 250C, between 50 and
200C, between 60 and 180C, or between 70 and 150C. In anot her enbodi nent,
the tenperature is above 40, 50, 60, 70, 80, 90, 95, 100, 110, or 120C In
anot her erf66f4d]nenin andthet emberdament of thd gresen? Biscl@&de, theOprot8sses 1Rilize160,

or 150C. In one or nore enbodi ments, the poly ITEI‘IZ&'[IBI’I terrperature |s from
about 40Ccatplyhsgmpestion ¢lﬁp%ﬁfr§3rbf0rrﬁfpéu@ﬁﬁdm yipgtsswithhroadengdamo

t enperat ure.. i 40C t 0 nor.e e
ol yrer 1 zarieft BRFE cfmastidr BtupSise. inc SBBfladDRReR, LT BP%@P@@
enmbodi mentygih tah%d?x_% éHébhE 19H1eter'ﬁﬁ%a§Wtéfm' S PRRUENbRHitheneRAMzed 3e I N
one or nore enbodi nents, e’ polynerization tenperature i s about 40C to
about 105@otdmiad)ﬂéffmenmm thehprdidoentroleduiar welghte and ebhipositeonseststained i s
about 40C to about 95C. In one or nore enbodi nents, the polynerization

t enper at umdth diffasent calggsisat @ml%@enpe@l@z]dml@ns@ nBy Produsitcomipnsifiomnt s,

t he pol yrrerlza rature 1s above the solid-fluid, phase tra? 2#10
tenporat urts TER)ParPTOSLSIn: ehreRantmr By SOy ey RE R atesnEDBb iy o
t he react of t r

advant ageq iy Ea e Gsghtic, B Sy Uldclid) GO b IpRler TRLES MSie
sol i d- f | uipdrtidudarty,ta aubsildri @alobp wper Airtedtank rebetopaithene oamaere feyd eatnyat
the reactor pressure. Mre advantageously, the tenperature is at |east 10C
above t he pogsimRy beifed phdisena pamsire meofﬁeédirﬁﬁmﬁmﬁh@lfpg)l Yhene pamee
system at the reac ressure 012 e ar re enmbodi nents, the
p)cl)l ymer i z&?‘?‘}ﬂﬁnﬁﬁeé%ﬁfl of RYe ?%&B’Pg }ﬁflﬁ h PPUPWWD‘PQH 8r PIRIE SCRYSHIBS b on
pressure ﬁg'oﬁ}-lgm%ﬂbt dr Hord Hﬂ}%gﬁ’ﬂgyd?%r ol %d%(’féo‘?ﬁb?l%n%)ﬂseﬂ{e‘?%f Phrough

t enper at ur n one or nore e |nen nerization pressure<ls no
| ower t haﬂaelané/liﬁ wetOeedEnti9 ;iomer "lTHéaﬁné oﬂv/Rﬂo&ehﬂiﬁonm“rs ﬂﬂaﬂf ®aeghddean 2

MPa below, or no |lower than 1 MPa below, or no |lower than 0.1 MPa bel ow, or
no | ower fiteam ©hplenkParopylonet hetemles,uhepmast astenese deoengserdodecenes spdt em

at the reactor tenperature. In one or nore enbodi ments, the pressure is

bet ween 1€ %H)ngdgerﬁpg or between 13.8 MPa and 200 MPa, or between 20

and 150 MPa, or between 5 MPa and 100 MPa. In one or rmre enmbodi nents, the

pressure i ove 5, .10, 15 20, 30, nor e
ot mendQ09iIhe B scister leprnbive Joby Heotpovsste selisC b prase Gansipan | ,

one or no

and 100 @ﬁ%ﬁﬂé{@m&éﬁ HRSPEARGSS s 58 M5 2% erhan SEMEEL L 4
and 30 MPar prMPba! weem 1 1Mvi] @0 OMPR.MPha BElbwe ée :bl@itﬂpl)'i_)n ?ess@fe Etteen 1
and 14 MPa, or between 1 and 13 MPa, or between 1 and 12 a, or between 1
and 11 MPa. In one or nore enbodi nents, the pressure is about 13 MPa or

nore. In one or nore enbodinents, the pressure is about 13 MPa to about 42
MPa. I n one




or nore enbodi nents, the pressure is 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 ewbadivmelds, the pressure is ab &t 13 MPa to abe®at/udoo®es11Vononer s
[ 00124] Any nononer havi ng one or nnre'% on-conj ugat ed) aliphatic double
bond(s) and two or nore carbon atons nmay be used. Advant ageous nononers

i nclude a-olefins, such as ethyl ene, propylene, butene-1, hexene-1,

oct ene- 1, neRGRESzationPd B t¢iA 4RAGB& thanSIS09t VP4l ofllesk eham300 MPRa arslesd thaane,
paranethyPstyrene, vi nyl cycl ohexane, etc., non-conjugated dienes, such as
vi nyl cycl @B@NdRe, oreless thaarftiMites ©r lwdhaaéoﬂ\,@amdjathmwm@r,lzatm sifleme,
etc., cycloolefins, sych as cycl openten cycl ohexene, g%%lohex i ene,

e
etc.. nor Bbthferractorng 1pHEs denss tlpigostats; The SRLYTBFIIARIIN JYsici BEMISES OBfer i n

oreri s, BriEHE TheauERD. Sy ifidnt of \ARKBOSR St RAOIEA Sod P et DT
advant age?Hngﬂe dddcf2Ghel giel &Smo?@%mgzﬁfsymms melide sHRoPhRfreRatalyst sone

enbodi ment s "advant ageous nononers inclu i near, branched or cyclic
al pha- ol epretarsaasyamn¢ agenors yatalyst actiifiors|qnidaopti @fallys ongderamosgsatadyst C3
to Co al pha-ol efins, advantageously C3 to C40 alpha-olefhgs advaqﬁageously

C3 to C20Supphis- ol B¢ pne gk vAATe §atlItyPICSUESOTTRIE Ahosan direm; metallocene
Advant ageous. ol efin nonowers can,he one qr re of I ut e
pent ene, FERLRE: %%‘bpéqj’gl,loﬁf&eeﬁlg,ta f é‘?{g,& &ggeé%r,yl J@%%@éﬁgﬁ?ys& A Bate
4-met hyl p = kpentene- 1, 3,5 ,5-trinethyl hexene-1, and
5-ethy|no?1}j(§¥11§[ﬂi .%PS%%g%%B%ﬁpone or nore enbodi nents,
aromat i c- group- cont ai ni ng nonomers containing up to 30 carbon atoms can be
used. Sui (@Y arPh&tésmbinedPpoiinerizdibnmandnealysepystans aforhrds in othe
aromatic structure, advantageously fromone to three, nore advantageously a
phenyl , i nehetod inclidesr 2 homogeneoup Hluid| phase epolynipirenonomer mixture, with a
aromati c-grup-cont aj ni ng nonqner further conprises at |east on .
pol yner i zé'lbﬁ{é”%uB?@i)ﬁén‘?f’@ﬂ%“%a‘ﬁ“ﬁ?ﬁs@n Rie] %z Qf’iydﬂ?r ﬂ’ﬁ%g%_?oﬂ%tpi é
SETUCT UL ey pidder Mo RERAP Rbeilh O HstiSuRH IR ofRFARANGoullfadt BOE bodlcRHP

er ‘pe substitute ydr

cont ai ni ng morioer “can furthe u wth one or nore hydrocar byl
groups i nghsthit e Rhfaly@tcompBsitesh dispetsib®. GHE mokedular welitht d¢teibuitionals! y
two adj acent substitutions ‘can be jOoined to forma ring structure.
Advant agemessaredntzy My Mnpef thet polymey prodoctemsy dengrsiaterahan €adt orogeeater
aromati c structure appended to a polynerizgg!ﬁgol finic noiet

i

Parti cul atan h8yaneeges tian Adivri Sreatsh Sy PR ’é“’é‘t"ﬂr%ﬁ?é‘,lp]gfy polymer

al pha- et hyl st yren ra-al kvl r aovinyl t S Lyl ne,

i Pyl benptiet ARREBRR PR ER} HoPERty R SRR prab ¥ dApatIALE

4- phenyl - by ghdede Mo | ¥bPER#ES or hR @lRAtnd-Brépided-biRne- Prepolymsi! S,
non-aromatic cyclic group cont'ai ni ng nondners can be used. These nononers
can contain up to 30 carbon atons. Suitable non-aromatic cyclic group

cont ai ni ngOAR)ONETS prodhady egelyes cymipasigioat dispasionae 1¢ust yrerofahelcatabystf i ni c
(coup that is either pendant on the cyclic structure or is part of the
cyclic st systemsanayrhe fed ¢9 the waeiortayab upatreamsised entryrpasepf thepreartonaad by

one or nore hydrocarpyl groups such as, ‘but pot limted to, C to Cl0 al kyl
gr oups. Aa\/é‘?%gé)é‘(?u_gp#b%%ﬁ‘a&%t ?yé&‘d?% Irﬁ_l‘%y E’Fofﬁﬁf % r'ig%‘;lirﬁ‘i’%ar r%r%lr‘?e?rs MAE| ude
vinyl cycl GBexenesmY Fu eﬁ%glﬁwwethevféﬁﬂd}pr l?f?rsﬁﬁﬁﬁon ahBY{otsleAGmber of

nor bor nene, cyclopentadiene,” cycl opent ene, cycl ohexene, cycl obutene,

vi nyl adamggaiebt EP&dréd’r@ or[cafilydtactivairs ofthaTodtalystrbpiemeint the réacdbeit the
nononer (s) can be used. Advantageous diol efin nononers include any

hydr ocar bopststano cfeede entrgv portagbould] peCless othaB0 theavtalgnumberaef catedyst
unsat urated bonds, wherein at t he unsat yrat ed bon%g?%égor

| east, Emo %i
readi |y i RESURSaCES2AYY actiyaiormad thy capiystsysiest ¥} Hissiractanal
non-stere i £ | Lo
i ol of  n AERGAsREAE I bty A, fnf the WBhe AR APRL ekl Bhe et
nmononer s) prddakoragy adifea @8Rty activifolicohfioneniso iy catdlgst! byem di \3oy !
nononer s, nost advantageously those containing from4 to 30 carbon atons.
Exanpl es dbwastrearnagfethesredctondengthciiromtethiouspstiiearme fegaeentay ipenteshoubd baditene,
hept adi ene, oct adi ene, non%diene decgagene, ndecadi ene, odeﬁggiene,
tridecadi &8t SYetaraideasti KiVe, opehieasbeles et Igastatiblagr ahleast 40%, or at
hept adecadi ene, octadecadi ene, nonadecadi ene, icosadi ene, henei cosadi ene,
docosadi ene, tricosadi ene, tetracosadi ene, pentacosadi ene, hexacosadi ene,
hept acosadi ene, octacosadi ene, nonacosadi ene, triacontadi ene, particularly
advant ageous di enes include 1, 6-heptadi ene, 1,7-octadiene, 1,8-nonadiene,
1, 9-decadi ene, 1,10 -undecadi ene, 1,11-dodecadi ene, 1,12-tridecadi ene,
1, 13-tetradecadi ene, and | ow nol ecul ar wei ght pol ybut adi enes (Mv | ess t han

A NN N - oy o Y 1 e




Pol ymer Product [00129] In an advant ageous enbodi nent, the process

descri bed can be used to produce honopol yners or copol yners. Advant ageous
pol ymer s Wwoadewewesher ei n i ncl ude honopol ynmers or copol yrerassedooanma1of t he
above-descri bed nononmers. In an advantageous enbodi nent, the polyner is a
honopol ynmer of any C3 to Cl2 al pha-ol efin. Advantageously, the polyner is a
honmopol yner of propyl ene. I n another enbodi nent the polyner is a copol yner
conpri si ngagr GPY, ehre atiiehsetd0Ph e e, ataeastt eV apohty least 80%Rr osas leass HU%an 60
w % et hyl ene, | ess than 50 wt % et hyl ene, |ess than 40 wt % et hyl ene, or |ess
t han 30 wdifferent/frenetheogonicentratinn ol zhe wais st Agasé vae catalysiarecwisar 00 ORE %
ethylene, or less.than 5 mﬂ@betqéhg%g. I n anot her ,enbodi nent, .t he pol yner

is a copofyAbst AeHYALPEFARRPRR frlySs¥sism alghe Qe o oFs dowas mer s
listed ab . h e ' . ner: j re

i ol of i n SR PARL T he RS EpolitSn B in BB RackiCedhlc 83

di ol ef i nspaffRidercacioad t oA of B relctof lerath dr@fiabe upsfedmOfectrentnopbier
enbodi ment, the polymer produced herein is a copolyner of propylene and one
or nore Caf arbaffetfreeO@@ctarnend at theanoted nerecdawnsireanm deast sntrygoatist mgyous| y
one or more C2 O C4 to C12 linear, branched or cyclic alpha-olefins.
Advant ageB8dngasurath by deghrigues Kaguisdtn s rﬁ?ql]ieda I} thp pitranclyding, S ingte and

one o ol 8 Wil . R R o BRLED gRipE et
3,5, 5-tri [gRhahyh ME48BE deterntiBinklihe CorRRAIARON IAVANERY PN ScRAMYOOprRAEsor t he

pol ymer produced herein can be a copol yner of one or nore |inear or
branched 68ohe calalyspraotikatoalcoaipurent bétheeatalysCSystemd»Q foir regampie,aNMRig

ol efins or conbinations thereof capable of being polynerized by either -

st er eospe®r f¥-wpiblaopr $there SBYRIEISCPRICC Hedhgdy knopipdhtheaart 8 anadyticidr e n,
refers to m)noger?ét.hat fa.VOﬁ tgﬁ formati Ot? of ..isotactic or Séi’{di gtactic
pol ymer whRHEEPy nkhis SOMRIBAHEN ST LPAgap sy %‘éra88{‘aﬁ"§s‘te(’9)°? LTSS PRY
anot her eBbAgHIRAL 1o (d¥taip°kY BRGLRP BRI SSHiAE WMYbESRIPVARRR! 1R Lqet 98 O
98 nol % or 60 to 95 mol % or 70 to 95 nol% and a conononer present at
from 2 tofdeilitatd the dornZation 48 apobymer produet 3vithal Woaled doleceutarnweight
present at fromO to 5 nmol% or from0.5 to 5 nol% or 1 to 3 nol%

Cat al yst @igtilution. 00133] The process for produci ng pol yners with broadened
nol ecul ar wei ght and/ or conposition distribution disclosed hereinis

particul a dvant ageous_ when_used in conjunction wth nmetal] ocene

cat al yst < [dnbgToy o thef forgy E this cat xstscda%%%%nm&eéﬂeatqn{a%f@%nér ally
produce p r | . i sl .Sk bution.
brodnce: PALNTE'ych RCORHTRL AR AL s AR SRBRHIh cabor
honpbgeneopgthe?! MeRTthteatheOforiflion 8f @ pyRntc poodabPsatH @ bRAdSE #hoRtuka! | Y
expected val ue of 2.0. However, any polynerization catal yst capabl e of

pol yner i zimeight hdistmibutioar @lst sefeoeddtoc herere as se doimbindtk catal yt yaimpasition
sufficient]y active under thﬁggol yneri zati.on conditions disclosed _herein.
Thus, G offisPEsIOn t/r F8AFHOF oRORENET sconesniration s gradignte §uaPYBIGNiht | owlore

catal ysts itabl e ol efi rizatron catalyst will_. e

coor d nat DSBHED B AT, Mal JKTES LR R oS, R il sk Tghine

Il T ustrat ppene l%lyrﬁé‘rtizétldﬂ S 6em & &hé eRALY BT dréate! Qrbcﬁ'-l%f%'r%%n%ehﬁﬁﬂib'ﬁe
Ziegler-Natta cat/al yst conpounds, netall ocene catal yst Conpounds, |ate

t ransi t i ogradidm lwitkinathy stactonpd 29dwt%aordmotd)er Awt- Vedrhlove core3 @ &téb yst
conpounds. [00134] As disclosed herei n, Ziegler-Natta catal ysts are those
referred MOI&sOF 3PsWt%s@Fom@rest BF ¥, Wtguornnoshd The tpelyesereancsntraien| yst s
in the Propyl ene dbook,. E. P. Mbore r... Ed., Hanser w. Yor k 996.
Vet al | oce RIS 41 Jeiaeq a% the pelirmef Soientiation i e SR bR BTN, Rigs the
generat| OBolgﬂ{e?'c%ﬁfsfntréB& A GEPARL YoROBFRlRies ?é&’ct@a{naétyfr‘i’ SPMMRYEAG or
conprises non-netallocene netal -centered, heteroary I gand0 cat al yst

conpoundslengtiedewhbigcarat ¢ff thesfeedasery ponrolodst € ohip réactsr héad bfia bafiflchani de
seri es, ot[ the actinide series of the Periodic Table of the El enents).
ree reactor.



[ 00135] Just as in the case of netall ocene catal ysts, these non-netall ocene
net al -centered, heteroaryl |igand catal yst conpounds are typically made
fresh by woxnevgi42730at al yst precursor conpound with one ecTmse@vaciiivat ors.
Non- net al | ocene netal -centered, heter oé%r | i gand cat al yst conpounds are
described in detail in PCT Patent Publications Nos. WO 02/38628, WO

03/ 040095 (pages 21 to 51), WD 03/040201 (pages 31 to 65), WD 03/040233
(pages 23[00992) , THOpRB/MPEdRc R 2rhdient SHithin¥Re2R@6{08 8628 beafodmddS.
Patent Application Serial No. 11/714,546, each of which is herein

i ncor por abyc $itabdé areans dor fminimeEjngrhack-miking of pelyer raactar corient Oa€al yst
and non-netal | ocene, catal yst conpounds_.are those disclosed.i ar hs

[ 0081] toﬂmililf?)r dFIWmSe‘P?CiTHRRS’Pgl@f §6IBe 5?ﬁ?g(bfa?%'&F%H§th‘8“157§?ﬁf

[ 0293] of . i t f i herein

i ncor por atag%l%gy‘%rﬁéfr ggrpee%teq M‘{%%%ﬁg]%?’ﬁe‘ﬁ‘gef ggéggg@@ ?Isl%f gg@dﬁ @X?\ﬁ cg}rp?ig?/’

m xtures Q{steat ahiflsin BRIMMERAEE t ABRhECmEN® FoPRAHiISinghBAclansixilgsigfed
fromthe polynmer. M xed catal yst systens can be enpl oyed in the processes

f or pr odupohgnaotegoter content imclodeea échgtbldéametar ofithgteactordf@reatentiugi 1.i on

di stribution disclosed herein tqo alter or sel ect gésired Phyaicgl or.
mol ecul ar opseaten thag 10-or gagatppihan 1y xarereateritian SQyen aeaterthan 4Py oY ett he

I I Caht di Cbution. i ¢ . _ wh
used i ¢ nebRireg s bt BMBBLARE Bt b i bt Bobiri REHE BigRIREARS n°"
embodi MentofbidfAforP b HAPAES aﬂem[%@' R5@dr ?E:@ti fo thSvERIY ABW aRkt@bn of the
reaction(s) can be conducted th two or nore catal yst conpounds at the

same ti medehse flaid polyhsrization s¥istene veithiinaht abyctor andpdengidy/diameber afcthevat ed
with the sane or different activators and introduced into the

pol yner i zaeacter efjgneater shan feox graatesy thantlle os greaterctiandis or gieafer as 2s can
al so, optional Ié/, be ldﬁed with diene incorporation to facilitate | ong-chain
br anchi ng GEFTRCTPRBd%at al yst systens and high I evels of vinyl-terninated
pol ymers. The process of the present disclosure can use one or nore

catal ysts e C h i S J

practi cal [?Qladsd(lns?ﬁi%otc%bgﬁ?ia%twsgnéé%t’é‘?&y{s@g g{r%gg%?v%nf%%%gg gﬁlg rr}]eor nor e
t han t hr e@ofi@dmtayiohs gRideentdibadividdtitamao Ulsé hradade’ polyreac prsduckdMieBh The
one or nore catalystsS deployed in the process of the present disclosure can
be honpgemsdestlyr dvaight detiributiomeaspoiepseredz by i Mmw/dMrs tafngrsates athahoZ &, sor

het er ogeneous solid phase in the reactor. Operations w th honbgeneously

di ssol ved SEAL& §P§-(£r(§%£8%155f1?@e4) s?rgFFé‘FFrttﬁ%n dalyst is present as a
solid phase in the polynerization reactor, it can be supported or
unsupported. The process of the present disclosure can use any conbination
of honogepequrINdidiet er ogeneous catal ysts sinultaneously present in the
pol ynmeri zation reactor, i.e., the reactor of the polynerization section of
t he present disclosure can contain one or nore honogeneous catal ysts and
one or nofe0t]er Aggnapps ofit pblysherizition teaetous loperatin@01idd]a Toentpmmsss of
the present disclosure can use any conbi nati on of honbgeneous, and,

het er ogenéeuiniigual fsed @agl cgandinueus heprpdpeinerametdlbn OF e AVESI-CREEIUB of

t he present disclospre. e or nore catalysts deployed in the prpcess of
the pr esezptgpgg%gj{"ﬁeg agxgzorbléltgrgblﬁtgpfgao %ﬁﬁ‘?’f)i"g]:)éﬁoggw F%rqgﬂpoé'ie i'Ba as
support, i L r : | i i j gy Wt em
o ean be Mo FFosEL % proBUCE s RIEES S ProanEpcd Hidlo Bt (gt iy pbutich
suppor t ed dilcedSher. t ITHeEDpeiftal Giea PRt S@stigm e bieoiyteEmhirdl b9 nstayddrdm
they can be left in the polyneric product or can be separated fromthe
product pengmeenng techiigquassknawato dhoser skilledhan theiad ofechemicak¢ngineening.n a

T the. caNanyGmifig exemplaare drstess el BROHERe CSAFDE G1ISL 5 B8edor
can be regygl g%tMetdhtamé),Vg'ti%%ut{anf(e\gﬁHgr%ftﬂ’@ut %ﬁgﬁ%ﬁmhg&ﬁ, tﬁﬂﬂla‘?lréﬁ’ctgﬁ
supports, nonol 1 ths co ght

supported on” structure such”as _ npri’sing strai
tortuous GRANRRIPS red @GSt OANRALtSslave t @ Retre URINRD reit6r thie spesdtésicihuned
supports are well known in the art of heterogeneous cat al ESI s. [00141] Wen
t he cat al gentis)ouss nfadee)is salpporcfented ofwerint then avii ofi dhampieat cahgineesingerasi se

defined particles is advantageous. t catal yst i s supported on

di sper sed CPRHRYQYSCEHITTEHh EANk: TEFRIOT [Tt q\fl\gﬁi ciﬁﬁl@%‘ﬁoﬁe@@y &RFT gt? é‘dé&/aé’r?@géf eous,
i.e., the catalyst is left in the polyneric product of the process of the
present disclosure. Unsupported catal ysts dissolved in the polynerization
system are nost advantageous. The catal yst(s) can be introduced any nunber
of ways to the reactor. For exanple, the catal yst(s) can be introduced with
t he nononer-containing feed or separately. [00142] In addition, the

catal yst(s) can be introduced through one or nultiple ports to the reactor.

o T S e




the sane or different. Adjustnent in the amounts and types of catal yst
through the different ports enables the nodul ati on of pol yner properties,
such as mebeowasliae73nei ght di stributi on, nposi ti on, conPOTIUS2@/003117

di stribution, crystallinity, etc. Activators and Activation Methods for
Cat al yst Conpounds [00143] The catal yst conpounds descri bed herein are
conbined with activators for use herein. An activator is defined as any

conbi nati gf nedy beagelvds Thelcooling ardebe tabhievat avishinvtheakaetonesérathrougtphex
pol ynmeri zes unsaturated nononers, such as olefins. An activator can_al so
af f ect t heeasborejagket, onedeglicated eaxtermabhentr exeltangg, loepsronaymbe apicdnt Ther

ot her properties of the polyner. A Al um ngxane and um.num Al kyl..

Act i vat or 3B 1 4§he! HOIBBEJZ@PH{‘ sé'ﬁ@r%rm%%é @Fﬁﬁ?‘ﬂﬁ gbrrgg]e(_)ru?'?{ﬁt}rﬁ% as
an acti vaighed BudiBGphl-drle Rl i RO GESSRBiRS! OF GlhoREAVE) Rank, loop

Al unmi noxanes,” sonetines called alunbxanes I'n the art, are genéral Iy

ol i goner i gng aRAEPFsacEBighRbPbssibe. ( Bl soPe-enabidifiengs, thbe¢td? inay daval kyl
group. Exanpl es of al um noxanes include nethyl al um noxane (MAO), nodified
met hyl al umultipknteed MyjaClipn gontg| fal nminvonents) andior eathlyisy(s htaioicatexaosomer

Al kyl al um noxanes, and nodi fi ed al ky] al um noxanes .are suitable as catal yst
act i vat or §on¢satEation) gradign Pheatalyst orRpapition dispaIsions 4 hal i de. M xtures

of different alum noxanes and nodified al um noxanes can al so be used. For

gugggeg5gfé@'{%%|€@ 4;%8%5%bg%mpﬁor§'scﬁér%% 1’(:28 a s‘t‘i’rrge%zta?lﬁofeagfogd'v%itgfsd"
baffled zones and multiple injection ports. Referring to FIG. 4, a stirred tank
reactor with a stirring mechanism S including multiple impellers is separated into
three reactor zones Z1, Z2, and Z3 via a series of internal baffles angled (for
example, perpendicular) with respect to the polymerization system flow in the
reactor. The reactor effluent E exits from the bottom of the stirred tank reactor.

Multiple feed injection ports, designated F1, F2, F3, may be optionally used to

create monomer concentration gradients and/or catalyst composition dispersion.

[00103] In some embodiments of thé present disclosure, the multiple feed
injection ports, designated F1, F2, F3 in FIG. 4 may be used to create a monomer
concentration gradient through the reactor by feeding at least 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



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 andEP 0 561 476 Al ,EP 0 279 586 Bl1l, EP 0 516

476 A, WO 2009/142730 44 PCT/US2009/003117

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
monomer concentration gradient. 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
4.0,0r4.5, or 5.0.

[00104] Alternatively, the multiple feed injection ports, designated F1, F2, F3 in
FIG. 4, may be used to create a catalyst composition dispersion through the
reactor by feeding to the reactor at least one catalyst system at an upstream feed
entry port F1 of the reactor and feeding at least one other catalyst system to the
reactor at one or more downstream feed entry ports F2, F3 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 F1 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 F2, F3; and wherein
the concentration of at least one catalyst precursor or one catalyst activator
component of the catalyst system in the first reactor zone or at 5% downstream of
the reactor length from the upstream feed entry port Flis at least 5%, or 1.0%, 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 catalyst precursor 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



EP 0 594 218 Al and WD 94/10180. excess Al/Mover the catal yst conpound
(per netal catalytic site). The m ninmum activator-to-catal yst-conpound is
typi cal | ywa 2009l1423bar rati o. B. lonizing Activators: [0@L2ajS2000/00x17
contenplated to use an ionizing or stoi’thionetric activator, that is
neutral or ionic, such as tri(n-butyl)anmonium

t et raki s(pent af | uorophenyl)-borate, a trisperfluorophenyl boron netalloid
precur sor 20rwiot éi fReE,f brigDowtapht iorb 063 SNwt%l dbontbrp) ec4dswt% or more
pol yhal ogenat ed het er oborane ani ons (WO 98/43983), boric acid (U S. Pat.
No. 5, 942 hre8gh ocontmiteidnhaclormining cof the polymerizatiemsysienei nThal Belymer
contenpl ated for use herein are neutral or. ionic, activators alone or.in
conbi nat i eﬂnwwlapm&&%mpr@@cﬂmx gused PSR @ @YW&P&?@‘%& (B 471
Exanpl es t i ¢hi. ts.1.C LV rs.A.ngl yde I SHDSE

por on, - al SR FDlscbidh BT bbby Rk e, BOCpidd 8 RARDH: o
substi t uepblyFh&UshcehRafek EradiegReMiseipartiegh ! &t broadeahioltculagivedshit! s,
hal ogen, substituted al kyls, aryls, aryl halideS, al koxy and halides. The
t hr ee gr oapmemserddnble pwdelnt inpy el gictata than@. hadroéner ddherat. 5ot dikyael i ¢
(includina hal osubstituted) aryls, alkyls, and al kenyl conpounds and

m xtures frePEdt0. advant ageous are al kenyl groups having 1 to 20 carbon
atons, al kyl groups having 1 to 20 carbon atons, al koxy groups having 1 to

20 car bon angd aryl groups havjng,.3 to.20 carbon atons (includin
substi t ut é@’gﬁl s‘?‘ﬂeﬂa%/‘éff’g'at X/,cqlﬂbmgﬂpgeogr%dﬁgagf eteng?té&%a%riaﬁben{gt 04
carbon gr he yl smext u r t ree
groups are Eai o%eng%ﬂécdﬁn@%gbgnt %8@6%{5% ?’ ?@o&rl%at% géceﬁﬁaﬁ{dﬁgr g%}%is. tca?dl%t

Al t er nat ekympobitionedispérsicit fiayhb®BRdated usiig thetNirrddstdnki sjaetor| dupicedeny|
boron or trisperfluoronapthyl boron. [00148] lonic stoichionetric activator
conpounds FiGn dortbaiproduceacpolysasr aroductsr withhebraadened amaleculas owicighid

wi th, but npot. coordinated t of,.only | qosely coordjnated to, the remaining
i on of thdISIEREGM,3S 68%%‘6%8 besM‘ﬁ&é\é e %M"f@’?ﬁ‘i%y t:hﬁeg“c?@ge&ﬁ%ﬂ@d in
Eur opean | i [ 5 3 , 520 732 A, EP 0 495 375 A, EP O
500 944 B@Iu{t’) OEI?’?% (8%0’5%3? 2\’ élﬂ‘é-%Eﬁf@ﬁz??%%A A, and U S. Pat. Nos.
5,153,157, 5,198, 401, 5,066,741, 5,206,197, 5,241,025, 5,384,299 and
5, 502,124 [@(}?fbvmj SFI(Q?BGdI@é)i@ﬂ@pAd eRbinpraryedcheMatic 0S¥ 2 88irt30tanki te@fioNugith3.

y

1994, all "o ich are herein fully inCorporated by reference. C

Non- | oni zbaffledk tjaskadted szorfe80 48] nAdtipleatinjectiane postpi tal ¢rgatet rgvadjents of
Lew s-acids which can play either the role of ionizing or non-ionizi ngl
act i vat or temperaie s/ epneeriration sy Mesemes APy inAlYmet  apsk/ @ satadys

be used as non-ionizi,ng activat ofs. :
composition dlsgerswn. the reactor temperature gradients, monomer

al so

concentration gradients, polymer concentration, and catalyst composition
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



[ 00150] Abstraction of formal neutral |igands can be achieved with

Lew s-acids that display an affinity for the formal neutral |igands. These
Lew s- aciwe 200%14238pi cal | y unsat ur at ed ozi weakl y coor di naceais2éganqiies of
non-ioni zing activators include 121 (R11)3, where Rl is a group 13 el enent
and R11 is a hydrogen, a hydrocarbyl, a substituted hydrocarbyl, or a
functional group. Typically, R' is an arene or a perfluorinated arene.
Non- i oni zidip@@hireadradienelis aht nehdstde \Siaklay effeut dnaptbedadhiensl by grlaciapal
conpounds such as | ow val ent ol efin conplexes. [00151] Non-limting

exanpl es betatmexchaoger suifacest ifonteaampla soating Bils, oBgutsr Bndiey svithaphthe
B(C6F5) 3, Al Me3, AlEt3, Al (iBu)3, Al Ph3, B(C6F5)3, alum noxane, .CuCl

N (1. 5, oy ErasRn aihinier niqus R beatied ortaniend deF AR SRSENIS IS Bhown

in the ar i it e bRy i . See
in parti c&?ag?grt#éllreg%?e@v%rl? ftlc::’l %lf g{?a%ﬁhéﬁgb %%gge%?rfﬂgﬁ%ﬁg’réﬂsw%

" Cocat al ygiiah BO¥C Mot atedtét Blanz8sP() &f breabier thamr 40°T, | sigroAtdri thah FC, or
Activation Processes, and Structure-Activity Rel ationships”, Chem Rev.,
100, 1391gtekder thafdGOPC, of greatérchan 6§PCuer gieatayibam 65D er gebisditham7e’C,RI !

is an arene or a perf|uorinated artﬁne. %80154 Q her ng s A oni zi rég

acti vat or 9 igreater tha R%),20r greater than §U5C, r graqfer thany gta(#’fP’iJSFq ef thgn

T . , el . h e
et vat or 0Nz SR e L RES T Eh{oE hAIE 108 b it oRlce JGILARY BBGer,
PhNVe2H+ BGEPE Dt dader (hBideu BE W LB ERfibutpdlf BGRERIBbe pestiideansithagt iheat or s
that can be used are described irn WO 03/ 064433A1, which is incorporated by

r ef er encerdwit@ remBuptuoe gsaditgt] SMore ipastiailady, trebodadenmol¢ddarceeght sis
conpositions of this disclosure include a support material or carrier., For
exanpl e, measuied by MiwMdngnay by areatsnfiatehss ORAd: OF 3oheotot-SndF 8-0adf that or s
can be deBogi ed on, contacted with, vaporized with, bonded to, or

i ncor por aPbd-*i t hi n, adsorbed or absorbed in, or on, one or nore supports
or carriers. [00156] The support material is any of the conventi onal

il d [ -
support mgqul SF¥é V@'He%%ftg?ﬁi %’ﬁxg, ) 'ﬁ@’;’%@ﬂéﬁlﬁgc Bt &f gﬁlj)dulhls rRa8l8f OWith

support or exa ani c oxi des I norgani c

chl ori desjadReft’l PR’ zof®d afridalhultiplé UggedtRnl HoMS S6PPRate NBhéiend ofsuch
as polystyrene, functionalized or crosslinked organi c supports, such as

pol yst yr etempeératurg| ahdior ecanogotratorf ofamonompet yangdl'orc potymeunddhe zeeactares,
cl ays, or any other organic or inorganic support.material and the |ike, or

m xt ur es f%l_‘f"ér@furF(EW@‘PPtsr HRORBRMSH CaREEAt R Bradicnis, ROLyme “é’_iné?e?'i%trl%ni c

advant agead SIS bBRGihotpesichy. dhi Sambluflont R, (REhGER AR |

fumed sil pGgh @bl RAFIER P3hEXRAY alsé ticate@Lisifk e ABLIEE Xédet@sdépietedof

O her useful supports include magnésia, titania, zirconia, nmaghesium

chl ori de (. BIGPa etot produce, §obyme7)products with broadened molecular weight
distribution 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.



nontnorillonite (European Patent EP 0 511 665 Bl), phyllosilicate,
zeolites, talc, clays (U S. Patent No. 6,034,187) and the like. In

addi ti on,woanw/natsoons of these support terials can becwasdjosfastiexanpl e,
silica-chromium silica-alumna, sili caf‘ﬂit ania and the |like. Additional
support materials can include those porous acrylic polymers described in EP
0 767 184 Bl, which is incorporated herein by reference. O her support
materials [omgidemagmmq@k tpesdwsing gtymbadwith RCAdVWRPOHAEAA8: watglngel s
as described in WO 99/48605, spherulites as described in U S. Patent No.

5, 972, 510 andbbr paoynpesitiom e disributior s dischessdi rhendino aeb0esl 110 whragessase tal |
herei n incorporated gy reference. [00158] It is ad\gigr}flageous thzit t he
support mRebrmenize plsdins LAPAPHIHEE SORIAFIAg OfoPyHIArE olsdinfehaying af 1eqst £ Qe

area in the,ran of f b N o) id tihe
range of FP'&?rﬂna %ﬂ{ls Ow{tgn%gsgﬁ%kl %a%?yg génﬁi‘p é‘\qlrg(} ar%{edgﬁlgr ?‘lgtg‘fa\ég}sﬁggaiﬂnmphe
range of & QmoabaHditmOdohiprafes om0 o MwdVEEdaplas A QU SEabtor. Nelrd Wilace
area of the support material is in the range of from about 50 to about 500

m2/ g, por embaldimenyf ther Amidalreadtidh meedibmuis 3n Stc siipemnitical stdge Qatalystl e
size of fromabout 0.02 to about 20 um _ Most advantageously the surface
area of tREcAUpPHampennd pad acyvaler may badghiveredrasghialybion ofgdury, ekl 400
n2/ g, pore volu fromabout O .to,abagut 3.0 ni/g, and average particle size
is from aﬁmﬁraﬁgéott € A5BEOT1 B ‘Pgb‘l%@isgrl%fh@gb"r glh% r%%fﬁ?mr?rgn}fé%ga?ﬁgo be
used as s S g iPheae et isiipy QeHRl Beadi6f. SHATBNCE paititufn
advant age?ggfﬂggbg%irh#e%?tl?éi%aniﬁlggpous, sflgﬁgd sili cgasupports geg%ri tl)lecf in
United St atrtdiacsenttwio sohutiod8, SeSmiged bir-lineed ThHeOO4taD]st Aded thaynalsadef ul
activators for use in the processes of this disclosure include clays that
have beenmixedtinding upstsedm sofl thee reaston-wihbapthen deed compmsnite darticwaphyt al

al kyls (such as triethylal ymnum as described in US 6,531,552 and EP 1 160
Fatef b B

261 Al, wiflth MOTOMGF{5E? arl8el by OFBORFBRe e SHER eif. SCEYREYe LU Bo LB
Gonpounds tséﬂ%hts%ﬁiern?é’. | AR chia t%e]te'aoghdd&%t de?ﬂeﬁ-%tﬁﬁﬁ Yded§' fre
referred to as scavengers by one skilled 1n the art of polynerization.
| mpuri ti esypiadllnaion ke Yisarebin bEdtiei Ractoreld pasidnti polynfeeadogensderan be
optionally fed to the reactor(s) of the process disclosed herein. Catalytic
activity oaeomeolirst corditionsyndidrfterpraveniafpulingmaussd byl the podymey magle at

activity can be. expressed as turnover .frequency, i.e., the nunber of _ noles
of nmonomefke (%H\?éﬁge Wer t(REPSFSHTRS Ofnsaégufﬁep lsfrﬁ%mﬁya%n‘éprﬁﬂ?r@%ofo the

catal yst. LV kNG . i i :

catal vii o Gbordnfte WiTne SARISE PORRRHIARORL il he RGO Snpldfeactar,
customar | bPe@ﬁl@heﬁﬁ Qdhi &l midiorme, @bhdﬁonﬁ&!s)’é@ﬁly@ﬁ@ﬁadﬁ%@oﬂé?, tscﬂﬁr@hf(rs]pf _
cat al yst. 00162] The scavengers for use in the processes disclosed herein
can be di ahéoptibnalsatvent(s)avepdded contifuaisly frea shighé yeacterct i vat or .
Non-limting exenplary scavengers include al kyl alum num conmpounds, such as
trimethyl alumnum triethyl alumnum _tri-isobutyl alum num and trioctyl

al umi num (600 c Relymerizatignaprosessesfetheaprocass {reprodusIng PORERSHaVHER and
i | l, i i f tis. d to full ti

cat Syt - DitadBBY teriar SR Ao BisBREEH ek fim Ao XoRiAr RIS plelR s
such as \T\?%&%y{lﬁ]eal 1AL {2 aRBrerd NeheS CRUBRNICs C&Ebs%éxﬁ?alge hitehogveed ifo thee

react or e nononer feed or wth any other feed stream In one
parti cul apobmerizativnt reaction scoanpogeits iandiistabdel te evitistakd the high pressures
nononer - cont ai ni ng feed. The scavenger can be honpbgeneously dissolved in
t he pol ymend Zgmpgratprsisythat iocgtir shirings thenpelymerizatiomreactiopar aY shyfandiag

Dol yrer | 2 SiSE ey BRI B FeY HETE S HeArLon DB lgain the iuid
sol vent s/ édcﬁ%ﬂtﬁlgﬁﬂfmuﬁleitkgﬁuyéﬁcrm&?%dﬂ%&ﬁl ORtpHRr fel4ies GRSy YisdmBke of

C2- C24 al kanes, advantageou propane, n-butane,” I sobutane,
required to maintain liquid-filled reactor conditions in solution polymerization,

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



n- pent ane, isopentane, n-hexane, m xed hexanes, isohexane, cycl opentane,
cycl ohexane, etc., single-ring aromatics, such as toluene and xylenes. In
sone advawmbDageods7enbodi nents, the diluggt conpri ses on@CoruSeavA0RIfi7

nmet hane, ethane, propane, butane, isobufane, isopentane, and hexanes. In
advant ageous enbodi nents, the solvent/diluent is recyclable. [00164]

Advant ageous diluents al so include C4 to C150 isoparaffins, advantageously
C4 to ClOQimisiapasxehdplas, reaconsimgede high-pressure @bodlaseq puaip-arcundiivop or
advant ageously C4 to O isoparaffins. By isoparaffin is meant that the
par af fi n @hticlavepand ¢wlulay reactons) and lapy domrioatietheresly at | east a portion
of each paraffin chain. Mire particularly, the isoparaffins are saturated

al i phatic h&/drocar bons whose nol ecul es have at | east .one carbon a’om bonded
to at | ead®0tHlecThe molymsriBationsRECSEs & the ROCEIte [ BRORIGHIS, POIYIBETS 4

advant agedil] pmred dRufet Tatfatulbu B SR CRARTLRIT I Pl |,
the range bebWegdréd 18 a9 stRd REANEahd 1Ribaidt ?éac&&sanmj@algf}beﬁldoe’mfe, and

from10 to 15 in yet another enbodi'nent. Various isoners of €ach carbon .
nunber wi Iréadtomei havd VebgthproedianteterThatios afal Af fto n20:taandl &e fittedudeth a
cycloparaffins with branched side chains, generally_ as a m nor_ conponent of
t he i sopahigh-ppeedacupatior 200 BN mulsiblpdesstiryer axsirivpfles arranged, fog aptimal

t hese isoparaffips ranges fromO0.65 to 0.83 g/cnf; the ur Bl is -40C
o Tess. Ty abOBUErY AluoTpve Blesstrgrarc Lebay LreRehitn S MBa it 3 f o
0.5to 20 . . I i ' af 100
Lo 300 of AT ey er SpiPaEy R PR R R e R ORI o

t he trade anfetaeSORRW dvVeX X dcopemighdr Gdtmanivantiaush omethanicandndr e
described in, for exanple, US 6,197,285, 3,818,105 and 3, 439, 088, and sold
commer ci ainagerasl scmraredurdlegiesf i soparaffins. Other suitable isoparaffins
are also commercially avail abl e under the trade names SHELLSOL (by Shell),

SOLTROL (by Chevrgon Phillips) and SASOL (by Sasol Limted). SHELLSO. is a

pr oduct éﬂKQH@?Ro%bul@mr@ﬁg@%@ma@ Qﬁe &% éé«?ﬁﬁdﬁi the Hrefse%xsiﬂrpugo Rengs ol

T™ (boi li | = - > T al S: .

phi 111 ps. EbTeE i BRGagentd FotgEdek Ty Gibdish) FRABHA néli i bidke

i ?? 2800) ]paﬁﬁ%grly SubulRF AHESrs C&fa]f Obf !g{é?aﬁﬁ%‘ up) ARSI MP20TuBular
ica), Tor exanple SASOL LPA-210, SASOL-47 (boiling point = 238-274C).

[ 00165] | meamarsare fettedaowitheexternad cantingemdsont buerdrs injectiod eorGéed poits

n- par af fi ns, advant aL&g_ousl y.C4 to C20 n-paraffins, advantageously C4 to C15
n- par af f i AloNgheApbudarg reacdionozong, Asimattasdaies) (hepe yyeetemhpoings sgrve as

o TR B el G PRI ot RSP, A
commer ci all YmAgGuNSREARKER!. | e Qﬁbﬁlap%éétfoké?Sextbﬂlaﬁrk%(hﬁfﬁy%mﬁdhg&% » for

advant ageous diluents 1 nclude dearomaticized aliphatic dr ocar bon

conpri si ngnaecasedtruorombr nonverkiopareddtivients, ari awjpalayvef whsratiet loycsunfaceatd-i ns.
Typically they are a mxture of. C4_.to C25 normal paraffins, isoparaffins
and cycl opahune iraio hidgrs ag¥osighificamt theatigmaeydl-antagetagsrepactoss thavel 2.
They contain.very. |l ow, | eyels of aromatic hydrocarbons,, advantagepusly |ess
than . 1, SeeRjakeulR dalys that ga sei] prssure shackwave Bastedandalgnl i dede e
aliphatic hal i

BOGOL. (BNSRER AR ARIOTE ah nelyEP reqLE HRGRAs KEnId SRR, 11y
as EXXSOL veddlisi @ringg o%eﬁatwmt iclieradtiatlyphabular hysitosamagnbe fabdsied with

anot her enbodi nent the diluent conprises up to 20 wt % of oligonmers of C6 to
Cl4 ol ef i amoatiy/wipadished netesnalf surfaseartoAdsiressswalvdapgsss.t ol ubblam reastorat ons,
nore advant agequsly 8 to 12 carbon atons, e vant ageousl 0 rhon

e oms - hav BRESEI HEYPFLS A8 Foeugesort 5 1 iM% d0eqate ledehy AR
445); and 4590 BeetéesVi [ j VP pned by
ASTM D- 22 g@g?ﬂ%gﬁgf%@gre 16 1‘%?] aﬁﬁqgh%%ﬁhdgr%d'mrgﬁﬁ E%%?et@ﬁlgiegﬁfs?gﬁﬁ
conprises18p tm. 20yidalbf, bl Rastodd a2 leAghleLiaptited tatiss of 10:1 to
advant ageously Co to Cl1000 paraffins, advantageously C50 to C250 paraffins,
advant age60£09: 1Icand incl@d® op parld) diffegent injcotionerfeedipoditionstalonghgs dé¢ngibnt
conprises up.tq éﬁ wt % of hydrofinished oligoners of 1-pentene, 1-hexene,
1- hept ene forithg deedheOMpoRgiMene, 1- decene, 1-undecene and 1-dodecene. Such

ol igoners are commercially avail able as SHF and Super Syn PAO s ( ExxonMbbi |
Chem cal Conpany, Houston TX). O her useful oligonmers include those sold
under the trade nanmes Synfiui dTM avail abl e from ChevronPhillips Chem cal

Co. in Pasedena Texas, DurasynTM avail able from BP Anmbco Chenmicals in
London Engl and, NexbaseTM avail able from Fortum G| and Gas in Finland,
SyntonTM avai |l abl e from Cronpton Corporation in Mddlebury CN, USA, EMERYTm

S e ~ 4=




[ 00168] I n another enbodi nent, the diluent conprises a fluorinated

hydr ocar bon. Advant ageous fl uorocarbons for use in this disclosure include
per f | uor ovarzbeng230 PFC' or "PFC s") and S?)r hydr of | uor oc Cbarsg000/0bHC! or
"HFC s"), collectively referred to as 49 tori nat ed hydr ocar bons" or
"fluorocarbons"” ("FC'" or "FC s"). Fluorocarbons are defined to be conpounds
consisting essentially of at |east one carbon atom and at | east one
fluorine po@rI3)ant bethi anatlayedsind egaulanteatiens, atinpeotiony deatsaarbappically
conmpound consi sting essentially of carbon atomand fluorine atom and

i ncl udes tooledxtanpéar amhieat tompargtiert o belaw ite proyideomaximper £oeling ankanes.
A hydrof | yorocarhon is conp of carbon

d i St ati all .
1 uor ne s Ayan Rk, POTIER BRSUEEOR MM ARE dETRogt TFeRmuBnPataPe: ne

f or mul a: erej ' i ter ' om 1
to 50, a1 FEPHEBRYET) B RubeleePhsMGRL praite iy Bberdfl 'ty Bk

al ternati yaky theopeaktion @eachchesteady vathie fif ofhe2 firet 2Rixahd eZdiad ihagl yofeom 3
to 10, alternatively from3 to 6, nost advantageously from1 to 3, wherein
y i s an i badganixgrgatharactéristiosr dgutibular Ocantorsz the farst i sectiger ofidlpuble-| east

one, nore, advantageously, vy and are, integers and at | east ope. For
pur poses lﬁCkFFﬁdstUgi%Wtheeh%ﬁd E‘Fﬁé’eﬁlaéliy Al St PB%%‘Za%?fﬁéﬁP’é Fﬁ@fgd and may

hydr of | b d £ i ncl .
ol yrmer | 2ROPAE CORpORRIYY” R PRI Bsiedr bttt Pt s MR AREEE e,
used. Pol gy iv@t?érmnpﬁfeg]c’ﬂ%% rERAS 1@W AboPatteRLvAln MigiRAL addist fledpaend

and activator can be délivered as a solution or slurry, either separately
to the rediffaencect fivdiothd multizone autstlayesi and tubulhe reactmspcatabyst can not
preactivated and punped as an activated solution or slurry to the reactor.
An advant agbobe injsetest plothe; inletwbut 8lser pRRNaleat PR QB MROIS ROINHEAIBE) WSt ed
catal yst in-line rion to.feedi.ng i,t tp the reactpr.. Polynerization

yi el di ng F%fenth ﬁﬂfa&% %Pgwjﬁﬁt?daﬁ]i&ﬁgr‘nﬁe{)ﬁﬂgsqtﬁ?rowj%ﬁt Ty PR & %F e
carried opfe kfing & Hﬁi‘é%eﬁteﬂfttéﬁnsogﬁrc%hté?ﬁ‘; ARSI £11d EBHQNRatiof ONCARIRNLS .
catal yst/activator, scavenger, and optional nodifiers are added

conti nuousded seleeicn aflbevsr pelgier. debigs ailoritigy wdthih a gaehoreactor edrdieagtor

br oadened nol ecul ar wei ght and/or, conposition distribution nmay be connected
i n par al | thinand/er maintamiog ke desierd pioslugtinity grefile alang thy regctardergth.
products. [00171] In general, feed inlet tenperatures are generally near to
or bel ow anbi ent tenperatures to provide cooling to the exotherm c reaction

in the reg 080 ARBLE PO QzYt&iaFoc%Eé’?Aiisi zation tenperature of the

pol ymer p SUU i bed herein can have residence

times as short as 0.5 seconds and as |ong as an hour. |n advant ageous
enbodi menjgo114)e TBS! fangsiadel B thee de5&iptidh SeRONGsHth OtHeO dataily esf the
advant ageously from 15 seconds to 30 m nutes, nore advantageously from 30
seconds t hoSMgehous @e]ynren zatiy procegsasudiomdganeods supercedical ®dutndmands. | n
some enbodi nents, the residence tjne ﬁan be sel ected frog1 10, 30, .45, 50
seconds, advancedsolytion pocesses) ywheradhe Praceaseeand mpagdor €sfiSARRIGIANSLY

resi dence  tings, C b el e d f : . 160 m e . eral,
di scl osurgespcgg) 5212)§ %@%@%ﬁbgsip&bﬁ?gét Ff?@?\é?ﬁ%%}g@ r#H rq?u e ?%mégﬁgnsﬁut es;
more part yeulishtion %r8l AAtadcdus0 "MHUh8Fanta¥€ouk0 PPOedses3 ARE TR HPR03117
-71 - [00173] Dividing the total quantity of "polyier that is collected
during t hbroagdeairigopolymer mwl¢dudaraweigtit afd/omcomposHibtedistrabution disgbasedn
yields the conversion rate. The nononer-to-pol ymer conversion rate far, the

descr i bedhprede etnsdude ap  KRacker Hbgh eperays, With ~ ar Aemagsnepwnsdense fhnd
exa_rrp! e for,limting vi §cosi%¢%{ IoweE. conver Sj orhs1 poulrd eb? a voanta SOous. In
2ddi t1 on, PPBIMETZANORSYsTEa Shly merRtioh proeeses et Rherhiey T Adiotheg

mononer 1 aea{% fluidhRASTUSCATRER iRER R IS &%&%eﬁ(ggspufeir Hiktired B€a

process can be run at practical conversioh rates of , 60 or less percent,
3-80, 5-88plvéft/didueritSin/Ghei2digifid @SsoPerciitichl stat&0, Hele€§Othelbné0or Aibr60,
10-50, 5-40, 10-40, 40-50, 15-40, 20-40, or 30- 40 percent conversion,
advant agetaastars grdiselesed hhereilm, operaie eavidh POAINONZAANT cAYSIRBEY dR s thelr

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




[00174] Catal yst productivities may range from 10 to 100, 000 kg polyner/ (g
cat al yst precursor conpound). High |levels of catalyst productivity can
result i rwbaewwwsgiddual ash in the pol yr? product. Resi ¢#caiustavab3iazh
contents of less than 0.5 W% or less than 0.3 w% or less than 0.1 w%
or less than 0.01 wt% or |less than 0.001 wt % are advant ageous. EXAVPLES
Propyl ene pol yneri zation at supercritical conditions: [00175] All

pol ymer i zablyeRérizion Bpsteais&Re | disélobéd pizkipgmsr arditdonditioist @ns fartieularly

w t hout using sol vent, except for what was Introduced with the catalyst
sol uti on, adkanthgetius indhe diqueddilled reaetpr apdrationhvate mbn dosh thesypeareritigl

pol yneri zation, experipents were perforned in a cont{)nuo S,,Sstirred.tank
react or (8RFRPIuHaNePBlYMERZAI0R KCaLigs, &’gr%r,ocﬁ"% maypbe fnpulkpokygierization

desi gned for rati ! I I €SS d r 0 4 a (30
cpei ) anaPsse SpRlafi: Ay T TR K E URRCI OGERE R 20 306 WeR, (2
wor ki ng vedsyiRarP 0 Wétho B 16380thkh OwWYD sMBiekosstVertysteséntlifahé e€adtor, @hddhs) .

The reactor was equi pped with an electric heater and with a stirrer with a

magnet i ¢ doineeemBoginessy withr bukkd nweroniers atseehtiallyt fireen@essnthvant eat%o) rod
measured the pressure in the reactor. The tenperature was neasured inside

the react dertsglyents. dppacienbedimsnd o the displosed REQISSS1IRS TFRUPELPEAIGS M nst

oy esanr o BlK AftoREppdns SRt 8 LRSI AL KD tRlch ASLISEE fn AT Pal O
preset |i Wg)\tﬂligété&i) W4y MW £g8g YRl Ure1 B 664, IvGaieticefpdrardshy eefefericedn

reactor pr urther protection against catastrophic pressure failure.
Al | produdleit emtergtywer e heated to -150C to prevent fouling. The reactor body
had two heating bands that were controlled by a programmabl e | ogic control
device (PLC). The reactor did not have cooling capability. Once the reactor
| i ned out [@0F15)g Inohyothetr zatboatiment,sthcerqaetaat oparateasatcomditbhedvinarauhkl y by
adjusting the flow rates of the npnoner and catal yst feeds. No external
heati ng waghmeeredisaphation isosubstansiadlyneided by am. ineHesolygrt Goluom Hraessse was
mai nt ai ned ,b ontrplling.the heat rel eased b he I rizatjQn pracess.
[00176] T G ERBmerrtat mophur Coliemet et ORI st Bht ddeRafE
effluent Tl QW ia8Msb NG9 a6t %?ehaé)rbe Saﬁcﬁﬁfﬂieﬁf P AP b IRcht I No. UP
and shut down, and the other one tor product collection during the bal ance
period at WOrzen44 143X, erebdindhedpoeatadiby fisren&a i its aaitirtigppBotic svlstiehed of

two air-actuated val ves bracketing a short piece of high-pressure tubing.
Changi ng &hé homagengpusipupaserticalrphlymerizatipe Pyocesses pravid HEKPIBBISEs in abe

al l owed the adjustnent .of the vol une of. the, l.ock-hoppers. Aliquots of the
eactor cORFBEENGRG IR S MAdoRE| RIS BY 7 JHIK HCRREISF oRF BB

val ves in . I = r LV onsi d f j.st N

cl osi ng of §s}[éﬁ{e1§1:{l%l éﬁ%e@&ggﬁggﬁz ?Sgc@ﬁ%%pg? l?{gge k%% 'tﬂLeZ I?delg{g{&grg} gtplgowed
by openi n@oaidgeit@ss NAuidesd@nby r eaiplosinge. arAdjnest meslvent nird heubstatisdncy
of the | ock-hopper cycles allowed maintaining the desired reactor pressure
at a preseondentmtions e(i.eTh40vuttmer amgre)he Fheegolution ptocese pravidesckerhapper s
were al ways, set the sane to. en the ] ock-ho

| | ow switching bet rs
W roat " pobEreioiH g LAny RAARe T ESh R £ SETE PO ERL PR G eSs AR Redbor

on the bo C . esrf@rey f :
experi rren%ﬁoqm[ng%lcsf% ﬂflﬁg l?ilg%fﬁl[%%t ?%ﬁdgélﬁldoc - hoﬂgﬂgpéﬁ?%rgﬂé?lgsd% ter?rZﬁnéga\}al
af f or ded pRkss pfRa&éPToraRe Py MBS C ifAE BRI BHtdisol¥iRg the pReyhEAs ppddidie

pol ymer made and/or the polymer concentration in the effluent. This

oper at i oneitbetein dminevesolvent onvuthedesstmtiallyt peath mbnemenor emghdionmixturetine
pressure and the tenperature of the reactor. Typical pressure and

t enper at uthelf supererati¢al stateaused by the operation of the |ock-hopper at 207
MPa (30 kpsi) reactor pressure were less than 20.7 MPa (3 kpsi) and 1.5C
respectiv L Jhe re ted reaction pressure and tenperature.values were
bt ned TS Cdr-gRher Rbanage R FR B ek S R B othiin P fdSar
acquired i n ti i : PO AH@lahecdil [ ca

referred %{Hasgrbotgpgrﬁéc\‘]é g{e(?f:%lg.gp[ g%i%‘] d&ip?%%l?ighe %@%}g ee%mb r%f)brﬁl g?/\?%r [e)gsur e
cyl i nder s i@upracd ad bhie ar dngrel etheareattoguivithdiblei ivggrpved itdmer macesyr for
Heating bl ankets provided heat to increase the cylinder head pressure to
del i ver t hiendingppelymersttpdninsewe plens aualify pnskkeduee s vapitélcanslipperatipsi nt
of the feed. The | ow pressure nononer feed was al so stabilized agai nst
bubbl e formati on by cooling the punp head using chilled water running at
10C. The nononer feed was purified using two separate beds in series:
activated copper (reduced in flowng H2 at 225C and 1 bar) for oxygen
removal and nol ecul ar sieve (5A, activated in flowng N2 at 270C) for water
renoval . The purified nonomer feed was fed by a di aphragm punp (Mdel MS

~ras! oA A - e e - - - . ..




box. Stock solutions of the catal yst precursors and the activators were
prepared using purified toluene and stored in anber bottles inside the dry
box. Ali guoteooEeBot aken to prepare fresh activated cat acyatS2@oloodiions

bef ore each pol ynerization experinent.'@btalyst concentrations of the
catal yst feed were adjusted to maintain the target reaction tenperature at
feed rates that introduced not nore than 3-8 wt % of catal yst sol vent

(tol uene) coits hskbGatedanithra cémbired dp@l?n%fﬁdakioﬁ(kﬁideblaﬂdir@aplant distldsedpis of
our reactor, inpurity levels were difficult to stabilize, thus catalytic

activiti ed).BaPatut fApphicationt Blor u2/008069 Helledsen Degeriber i1, 2007 iandeV. Sver e
very high articularly wth -coordi pat | i tivators, typically
requiri ngP@&f’éI@MhC@HﬁBe Or égms&%ﬁf@rﬁgo%%ﬁ’ﬁgﬁ Bﬁeg r%dn%@ob%gdff’a{ t he

conbi ned fe§d tqg.t ?ﬁ?ﬁ%@ﬁ#ﬁb [00180] In a typical experinent, the reactor

was pr ehedPEFHE 11 w that of the desired reaction tenperature.
During the line-out period, the catal yst feed and | ock-hopper rates were

dj ust ed h ' ' t ' :

o essur e. IREEAT s RsCBL MR ekl bR, AFIFEaR FRIRESALAMERE in oon
pr oduct C%bhﬁﬁéﬂi@ﬁidmys%,t she8r R dfornest(@deathesdistptspyléiee)anithal ance
product col I'ection vessel. The reactor was typically run on-bal ance between
30 to 90 watalysaf dreactibatoh opteorsdlyl cembnomsr (adiantageedskyocthikenea butene-1,
col l ection vessel and the reactor was, shu{1 down. The pr %gluc_ts V\&rl_e
col | ect ed hexeng-ther ortanst hrnd gembimations dhereofly@nd eptiQnallycingr: ¢ilyeny or

i ght 70C bef h teri hon. _Th i o t t
vere det eFMYeBH ot dmBRAe for AP seaotalfie st et dBREDUr aF il g
the bal angge@es fbvel W@&ddd @gms?ésguﬁe ARIWEN 8P4, P aBlos 885 WATHH, I ibvae 10sed

in catal yst preparation an r-reactor flushing. Initially, it was used as
recei ved (MBa, bt ebostal IMPa. st pobanetizatiow? tdleadplace sinuaehorhogemearst or
rinsing and flushing. Later, copper and nol ecul ar sieve traps were

i nst al | ed polymerzatisinssistern wighinithe readgier.descri pti on of which is given
earlier for the gas feed (vide supra). Propylene Gade 2.5 (BOC) was

obt ai ned i O J]owpressure cyli.nders. The nethyl al um noxane. (MAQ

acti vat or lélqgljﬁ/t o} Ang Of M{E)emg%élﬁﬁﬁfﬁﬁégédieepﬁ%0¥Aﬁ%BP ?ré”gﬁ?(rbﬁf%?rflon
and was u Lye I ' [ i d for
passi vati Esggl?(ﬂg d%%%ﬁ‘% %em%éd (ir?\d;%%weg(f %’%@ ?) Y%‘é‘?’ %@%%?Z%‘L}A@‘S‘éﬁ%?&
during maioptMRan@es gfadt oMahbRAS InDbid o afbteembodiicns, tad dehs®y rof fher
Measuring Crystallization and Melting Tenperatures (Tcp and Tnp) and Heat
of Fusi on ppBHhgrizdtiail 8@§tememkol frpst 4.3 igZmili t;m Ot EBngbnks or drgmch Py Pe@k0
melting tenperature (Tnp) and heat of fusion (H, or AHO were neasured
using Di f @4nbnti al Scanni ng Calorinetry (DSC) on reactor sanples (wth no
nucl eati ng agent added). This anal ysis was conducted using either a TA

I nstrunments NDSC 2920 or a Q2000 . Tzero DSC, The DSC was cal i brat .or
t enper at ul@01Ingly Qne eF ARk gmBoRimenis, dhg n?te%‘gr)ﬁl%ﬁéxﬁﬂ]@fne&nweigt éf’)

Heat of fuysj £ 1adj 4 K t X

i anal . Then bl MORE’td Bother B30NATPet oSG it A Wi TEOETE el
i's W thinméhotherdBe ah Rkt 96 Wi bPfhd MmotoliirNordf ledst(CatdeyofiheUthosomer,5 N
of polyner fromthe reactor was sealed in a standard al um num pan with flat

lids and lopad&dhst 3O evtth ef ithes mommendr, at at kast 4@ mi%s af theemoBameir comatsleasiol ed
to -70C and heated at 10C mn to, 210C to acguire the nelting data (first

heat). ThiS9 Wi% of the maneaness oy abiteast 6 wike of thy menramesronalcast /9 wEohide in

the reactgr. Since thermal hjshorved nkl.uen Ltin | i ion
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history. Fhdrom&s followed by cooling this sanple to -70C at a cooling rate
of 10C mn to analyze its crystallization behavior at this cooling rate.
The exotherm c peak of crystallization was anal yzed using the software
provi ded hgo1deg VENdsHe aid mdre Reshodifentsystial |potpinkesinatidic ponditivapoarteed.
The sanple was held at this |ow tenperature of -70C for about 10 minutes to
equi | i br asseffidientrio diksnlvédae palypaerkprodugtl mahgtmooamer(s) presgntin the kigeid

mel ting behavior (second heat). This gavg t mel ting behavi or. of sanples
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tenperature reported is obtained by the analysis of the nelting peak using
the software provided by the vendor and corresponds to the peak of the
melting transition (Tnp). All sanples reported in this work showed
relatively narrow, single nelting peaks and the breadth of nelting did not
show any significant change for different catal ysts. Area under the nelting
curve was used to determ ne the heat of fusion (A 110 in Jig using the
software provided by the vendor. This heat of fusion is used to calcul ate
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Melt-Fl ow Rate Measurenents: [00183] The Melt-Flow Rates (MFR) of pol yners
were determ ned by using Dynisco Kayeness Pol yner Test Systens Series 4003
appar at uswbabdéoomesg t he nmet hod described in the Series 200W@skibodimtiexer
Operati on manual, Method B. The et hod %t | ows ASTM D-1238, Condition L,
2.16 kg and 230C. All sanples were stabilized by using Irganox 1010.

Mol ecul ar weights (My, Mh and Mz) by Cel - Perneati on Chromat ography (GPC):

[00184] MBbRGHERZAMRINIDOEUiG0RS bivé IsaffivRheehalinol e itiedabimer peddueriffediei on
Chromat ogr aphy (GPC), also referred to as Size-Exclusion Chronmatography
(SEC). Mohmmonaer(s)ei preseritweing htheavsupageritiasl ectatar (ivei ghibulkMhomagergous

aver age nol ecul .ar wei ght Nh, ,\frl‘],\,scosity aver age nol ecg&) rowel grél#tl, M/, qnd Z
aver age noVREGTIHFaloIMETIRBHOR Yy o bt G Ao dDOLS gD ‘g‘l‘?‘ef’éﬁp Gt ¢hiaca

CGel - Per megt i on ronat 9 uj i - Al i hal ' i ndex
e Pt e Rl RRAARD b APl bl BUREAEE S blor g bk or

Cor por at i giire\ediipBhehts ghdViistsupCMitiaPope ftfdnYat @érﬁ?éiaﬁi‘f_es YowepRinthe
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measur enent procedure are described in the literature by T. Sun, P. Brant,
R R ChaRtepylenf) arg passibleie s pag or waeteqtfobadimays, nesrwmorphousaienialsg

6812- 6820, .(2001) . .[00185] Th | ysi f.or med ,usi ars GPCV
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scatterin etector first, followed by the D (Differential Refractive
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Labs 260 Heater/ Shaker at 160C for two hours. These were filtered through a

0. 45 ni cr 8avstretd (MFRar padticulady  imathgz ssanyfagusy] ofTieepebymoenst rauchons c,
at each point in the chromaho ram.i c(alful ated fromthe

basel i ne- BIARY SRS EHRYISRE & Jhyleneigher QIENRGOPRY™MYS| owi ng equation: ¢ =
KDRI | DRI/ (dn/dc)

[00121] In one or more embodiments, the polymerization 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



where KDRI is a constant determned by calibrating the DRI, and (dn/dc) is
the sanme as described below for the LS analysis. Units on paraneters

t hr oughowwot2hessi4etsscri pti on of the SEC pet hod are such PhatusecaaoesitiT ati on
Is expressed in g/cnB, nolecular weight°1s expressed in g/nole, and
intrinsic viscosity is expressed in dL/g. [00188] For the light-scattering
detector used at high tenperature, the polyner nolecular weight, M at each
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I ncr ement he system The refractive index, n = 1.5 or TCB at 135C
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for butene polynmers, and (dn/dc) = 0.104 for propylene polyners and 0.098
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reactor pressure.

[00123] In one or more embodiments, the polymerization pressure is no lower
than the fluid-fluid phase transition pressure (cloud point) of the polymerization
system at the reactor temperature. In one or more embodiments, the
polymerization pressure is no lower than 10 MPa below, or no lower than 5 MPa
below, or no lower than 2 MPa below, or no lower than 1 MPa below, or no lower
than 0.1 MPa below, or no lower than 0.01 MPa below the cloud point of the
polymerization system at the reactor 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
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branching index g' is defined as: Sanple’freasured [i] / calcul ated
theoretical [r] of a linear polyner, where the cal culated theoretical [Id
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Monomers

[00124] Any monomer having one or more (non-conjugated) aliphatic double
bond(s) and two or more carbon atoms may be used. Advantageous monomers
include o-olefins, such as ethylene, propylene, butene-1, hexene-1, octene-1,
decene-1, and dodecene-1, substituted olefins, such as styrene, paramethylstyrene,
vinylcyclohexane, etc., non-conjugated dienes, such as vinylcyclohexene, etc.,
a,m-dienes, such as 1,5-hexadiene, 1,7-octadiene, etc., cycloolefins, such as

“cyclopentene, cyclohexene, cyclohexadiene, etc., norbornene, and the like.

[00125] In one or more embodiments, olefin monomer or monomers can be
used. Advantageous monomers include C, to C,qo olefins, advantageously C, to
Ceo olefins, advantageously Cs to C,g olefins advantageously C; to Cy olefins,
advantageously C; to Cy; olefins. In some embodiments advantageous monomers
include linear, branched or cyclic alpha-olefins, advantageously C; to Cig
alpha-olefins, advantageously C; to Cg alpha-olefins, advantageously C; to Cy
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
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polymerizable double bond such that after polymerization, the aromatic structure
will be pendant from the polymer backbone. The aromatic-group containing
monomer can further be substituted with one or more hydrocarbyl groups
including but not limited to C, to Cyq alkyl groups. Additionally two adjacent
substitutions can be joined to form a ring structure. Advantageous aromatic-
group-containing monomers contain at least one aromatic structure appended to a
polymerizable olefinic moiety. Particularly advantageous aromatic monomers
include styrene, alpha-methylstyrene, para-alkylstyrenes, vinyltoluenes,
vinylnaphthalene, allyl benzene, and indene, especially styrene,

paramethylstyrene, 4-phenyl-butene-1 and allylbenzene.

[00127] In one or more embodiments, non-aromatic cyclic group containing
monomers can be used. These monomers can contain up to 30 carbon atoms.
Suitable non-aromatic cyclic group containing monomers advantageously have at
least one polymerizable olefinic group that is either pendant on the cyclic
structure or is part of the cyclic structure. The cyclic structure can also be further
substituted by one or more hydrocarbyl groups such as, but not limited to, C, to
Cio alkyl groups. Advantageous non-aromatic cyclic group containing monomers
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,
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hexadiene, heptadiene, octadiene, nonadiene, decadiene, undecadiene,
dodecadiene, tridecadiene, tetradecadiene, pentadecadiene, hexadecadiene,
heptadecadiene, octadecadiene, nonadecadiene, icosadiene, heneicosadiene,
docosadiene, tricosadiene, tetracosadiene, pentacosadiene, hexacosadiene,
heptacosadiene, octacosadiene, nonacosadiene, triacontadiene, particularly
advantageous dienes include 1,6-heptadiene, 1,7-octadiene, 1,8-nonadiene,
1,9-decadiene, 1,10-undecadiene, 1,11-dodecadiene, 1,12-tridecadiene,
1,13-tetradecadiene, and low molecular weight polybutadienes (Mw less than
1000 g/mol). Advantageous cyclic dienes include cyclopentadiene,
vinylnorbornene, norbornadiene, ethylidene norbornene, divinylbenzene,
dicyclopentadiene or higher ring containing diolefins with or without substituents

at various ring positions.

Polymer Product

[00129] In an advantageous embodiment, the process described can be used to
produce homopolymers or copolymers. Advantageous polymers produced herein
include homopolymers or copolymers of any of the above-described monomers.
In an advantageous embodiment, the polymer is a homopolymer of any C; to C;
alpha-olefin. Advantageously, the polymer is a homopolymer of propylene. In
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.
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[00130] In another embodiment, the polymer produced herein is a copolymer of
propylene and one or more C; or C4 to Cy linear, branched or cyclic monomers,
advantageously one or more C, or C4 to C), linear, branched or cyclic alpha-
olefins. Advantageously, the polymer produced herein is a copolymer of
propylene and one or more of ethylene, butene, pentene, hexene, heptene, octene,
nonene, decene, dodecene, 4-methyl-pentene-1, 3-methyl pentene-1, and

3,5,5-trimethyl hexene-1.

[00131] In another advantageous embodiment, the polymer produced herein can
be a copolymer of one or more linear or branched Cs to C;q prochiral alpha-olefins
or Cs to Cs3¢ ring containing olefins or combinations thereof capable of being
polymerized by either stereospecific and non-stereospecific catalysts. Prochiral,
as used herein, refers to monomers that favor the formation of isotactic or

syndiotactic polymer when polymerized using stereospecific catalyst(s).

[00132] In another embodiment, the polymer comprises propylene present at
from 50 to 98 mol%, or 60 to 95 mol%, or 70 to 95 mol%, and a comonomer
present at from 2 to 50 mol%, or 2 to 40 mol%, or 5 to 30 mol%, and a

termonomer present at from 0 to 5 mol%, or from 0.5 to 5 mol%, or 1 to 3 mol%.

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
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herein. Thus, Group-3-10 transition metals can form suitable polymerization
catalysts. A suitable olefin polymerization catalyst will be able to coordinate to,
or otherwise associate with, an alkenyl unsaturation. Illustrative, but not limiting,
olefin polymerization catalysts include Ziegler-Natta catalyst compounds,
metallocene catalyst compounds, late transition metal catalyst compounds, and

other non-metallocene catalyst compounds.

[00134] As disclosed herein, Ziegler-Natta catalysts are those referred to as first,
second, third, fourth, and fifth generation catalysts in the Propylene Handbook,
E. P. Moore, Jr., Ed., Hanser, New York, 1996. Metallocene catalysts in the same
reference are described as sixth generation catalysts. One exemplary non-
metallocene catalyst compound comprises non-metallocene metal-centered,
heteroaryl ligand catalyst compounds (where the metal is chosen from the Group
4, 5, 6, the lanthanide series, or the actinide series of the Periodic Table of the

Elements).

[00135] Just as in the case of metallocene catalysts, these non-metallocene
metal-centered, heteroaryl ligand catalyst compounds are typically made fresh by
mixing a catalyst precursor compound with one or more activators.
Non-metallocene 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.
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[00137] The processes disclosed can employ mixtures of catalyst compounds to
select the properties that are desired from the polymer. Mixed catalyst systems
can be employed in the processes for producing polymers with broadened
molecular weight and/or composition distribution disclosed herein to alter or select
desired physical or molecular properties. For example, mixed catalyst systems
can control the molecular weight distribution and tacticity of isotactic
polypropylene when used with the disclosure processes or for the disclosure
polymers. In one embodiment of the processes disclosed herein, the
polymerization reaction(s) can be conducted with two or more catalyst
compounds at the same time. In particular, two different catalyst compounds can
be activated with the same or different éctivators and introduced into the
polymerization system at the same or different locations. These systems can also,
optionally, be used with diene incorporation to facilitate long-chain branching
using mixed catalyst systems and high levels of vinyl-terminated polymers. The
process of the present disclosure can use one or more catalysts in the reactor of
the polymerization reactor section. For practical reasons, no more than five
catalysts are advantageous and no more than three catalysts are more

advantageous in a given reactor.

[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.
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[00139] The process of the present disclosure can use any combination of
homogeneous and heterogeneous catalysts deployed in the polymerization reactor
section of the present disclosure. One or more catalysts deployed in the process
of the present disclosure can be supported on particles using fumed silica as
support, which either can be dispersed in the fluid polymerization system or can

be contained in a stationary catalyst bed.

[00140] When the supported catalyst particles are dispersed in the
polymerization system, they can be left in the polymeric product or can be
separated from the product prior to its crystallization from the fluid reactor
effluent in a separation step that is downstream of the polymerization reactor
section. If the catalyst particles are recovered, they either can be discarded or can
be recycled with or without regeneration. The catalyst can also be supported. on
structured supports, such as monoliths comprising straight or tortuous channels,
reactor walls, internal tubing, etc. These structured supports are well known in

the art of heterogeneous catalysis.

[00141] When the catalyst(s) is (are) supported, operation with dispersed or
otherwise defined particles is advantageous. When the catalyst is supported on
dispersed particles, operations without catalyst recovery are advantageous, i.e., the
catalyst is left in the polymeric product of the process of the present 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
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the same or different. Adjustment in the amounts and types of catalyst through
the different ports enables the modulation of polymer properties, such as
molecular weight distribution, composition, composition distribution,

crystallinity, etc.

Activators and Activation Methods for Catalyst Compounds

[00143] The catalyst compounds described herein are combined with activators
for use herein. An activator is defined as any combination of reagents that
increases the rate at which a metal complex polymerizes unsaturated monomers,
such as olefins. An activator can also affect the molecular weight, degree of

branching, comonomer content, or other properties of the polymer.

A. Aluminoxane and Aluminum Alkyl Activators:

[00144] In one form, one or more aluminoxanes are utilized as an activator in
the in-line blending processes disclosed herein. Aluminoxanes, sometimes called
alumoxanes in the art, are generally oligomeric compounds containing
--Al(R)--O-- subunits, where R is an alkyl group. Examples of aluminoxanes
include methylaluminoxane (MAO), modified methylaluminoxane (MMAO),
ethylaluminoxane and isobutylaluminoxane. Alkylaluminoxanes and modified
alkylaluminoxanes are suitable as catalyst activators, particularly when the
abstractable ligand is a halide. Mixtures of different aluminoxanes and modified
aluminoxanes 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 EPO0561476 A1, EP0279586B1, EP0516476A,
EP 0594 218 A1 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
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excess Al/M over the catalyst compound (per metal catalytic site). The minimum

activator-to-catalyst-compound is typically a 1:1 molar ratio.

B. Ionizing Activators:

[00146] It is contemplated to use an ionizing or stoichiometric activator, that is
neutral or ionic, such as tri(n-butyl)ammonium tetrakis(pentafluorophenyl)-borate,
a trisperfluorophenyl boron metalloid precursor or a trisperfluoro-naphtyl boron
metalloid precursor, polyhalogenated heteroborane anions (WO 98/43983), boric
acid (U.S. Pat. No. 5,942,459) or combination thereof as an acfivator herein. Also
contemplated for use herein are neutral or ionic activators alone or in combination

with aluminoxane or modified aluminoxane activators.

[00147] Examples of neutral stoichiometric activators include tri-substituted
boron, aluminum, gallium and indium or miitures thereof. The three substituent
groups are each independently selected from alkyls, alkenyls, halogen, substituted
alkyls, aryls, arylhalides, alkoxy and halides. The three groups are independently
selected from halogen, mono or multicyclic (including halosubstituted) aryls,
alkyls, and alkeny! compounds and mixtures thereof, advantageous are alkenyl
groups having 1 to 20 carbon atoms, alkyl groups having 1 to 20 carbon atoms,
alkoxy groups having 1 to 20 carbon atoms and aryl groups having 3 to 20 carbon
atoms (including substituted aryls). Alternately, the three groups are alkyls
having 1 to 4 carbon groups, phenyl, napthyl or mixtures thereof. Alternately, the
three groups are halogenated, 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,
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EP 0495 375 A, EP 0 500 944 B1, EP 0277 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 and
5,502,124 and U.S. patent application Ser. No. 08/285,380, filed Aug. 3, 1994, all

of which are herein fully incorporated by reference.

C. Non-lonizing Activators:

[00149] Activators are typically strong Lewis-acids which can play either the
role of ionizing or non-ionizing activator. Activators previously described as

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

[00150] Abstraction of formal neutral ligands can be achieved with Lewis-acids
‘that display an affinity for the formal neutral ligands. These Lewis-acids are
typically unsaturated or weakly coordinated. Examples of non-ionizing activators
include R'® (R'");, where R'® is a group 13 element and R'' is a hydrogen, a
hydrocarbyl, a substituted hydrocarbyl, or a functional group. Typically, R'"'is an
arene or a perfluorinated arene. Non-ionizing activators also include weakly

coordinated transition metal compounds such as low valent olefin complexes.

[00151] Non-limiting examples of non-ionizing activators include BMe;, BEt;,
B(iBu);, BPh;, B(C¢Fs);, AlMes;, AlEt;, Al(iBu)s, AlPhs, B(C4F5);, 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 grou
group

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

[00155] In another embodiment, the catalyst compositions of this disclosure
include a support material or carrier. For example, the one or more catalyst
components and/or one or more activators can be deposited on, contacted with,
vaporized with, bonded to, or incorporated within, adsorbed or absorbed in, or on,

one Or more supports or carriers.

[00156] The support material is any of the conventional support materials.
Advantageously, the supported material is a porous support material, for example,
talc, inorganic oxides and inorganic chlorides. Other support materials include
resinous support materials such as polystyrene, functionalized or 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),
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montmorillonite (European Patent EP 0 511 665 B1), phyllosilicate, zeolites, talc,
clays (U.S. Patent No. 6,034,187) and the like. In addition, combinations of these
support materials can be used, for example, silica-chromium, silica-alumina,
silica-titania and the like. Additional support materials can include those porous
acrylic polymers described in EP 0 767 184 B1, which is incorporated herein by
reference. Other support materials include nanocomposites as described in PCT
WO 99/47598, aerogels as described in WO 99/48605, spherulites as described in
U.S. Patent No. 5,972,510 and polymeric beads as described in WO 99/50311,

which are all herein incorporated by reference.

[00158] It is advantageous that the support material, most advantageously an
inorganic oxide, has a surface area in the range of from about 10 to about 700
m%/g, pore volume in the range of from about 0 to about 4.0 mL/g and average
particle size in the range of from about 0.02 to about 50 pm. More
advantageously, the surface area of the support material is in the range of from
about 50 to about 500 m%/g, pore volume of from about 0 to about 3.5 cc/g and
average particle size of from about 0.02 to about 20 pm. Most advantageously the
surface area of the support material is in the range is from about 100 to about 400
m?*/g, pore volume from about 0 to about 3.0 mL/g and average particle size is

from about 0.02 to about 10 pm.

[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.
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Scavengers

[00161] Compounds that destroy impurities without destroying the catalyst are
referred to as scavengers by one skilled in the art of polymerization. Impurities
can harm catalysts by reducing their activity. Scavengers can be optionally fed to
the reactor(s) of the process disclosed herein. Catalytic activity can be defined
many different ways. For example, catalytic activity can be expressed as turnover
frequency, i.e., the number of moles of monomers converted to the product in a
unit time by one mole of catalyst. For a given reactor operating at the same
residence time, catalytic activity can also be measured in terms of catalyst
productivity, customarily expressed as the weight of polymer made by a unit

weight of catalyst.

[00162] The scavengers for use in the processes disclosed herein can' be
different chemical compound(s) from the catalyst activator. Non-limiting
exemplary scavengers include alkyl aluminum compounds, such as trimethyl
aluminum, triethyl aluminum, tri-isobutyl aluminum, and trioctyl aluminum. The
scavenger can also be the same as the catalyst activator and is generally applied in
excess of what is needed to fully activate the catalyst. These scavengers include,
but are not limited to, aluminoxanes, such as methyl aluminoxane. The scavenger
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,
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cyclohexane, etc., single-ring aromatics, such as toluene and xylenes. In some
advantageous embodiments, the diluent comprises one or more of methane,
ethane, propane, butane, isobutane, isopentane, and hexanes. In advantageous

embodiments, the solvent/diluent is recyclable.

[00164] Advantageous diluents also include C;‘ to C;s isoparaffins,
advantageously C4 to C,qo isoparaffins, advantageously C, to C,s isoparaffins,
more advantageously C, to C, isoparaffins. By isoparaffin is meant that the
paraffin chains possess C; to Cj, alkyl branching along at least a portion of each
paraffin chain. More particularly, the isoparaffins are saturated aliphatic
hydrocarbons whose molecules have at least one carbon atom bonded to at least
three other carbon atoms or at least one side chain (i.e., a molecule having one or
more tertiary or quaternary carbon atoms), and advantageously wherein the total
number of carbon atoms per molecule is in the range between 6 to 50, and
between 10 and 24 in another embodiment, and from 10 to 15 in yet another
embodiment. Various isomers of each carbon number will typically be present.
The isoparaffins can also include cycloparaffins with branched side chains,
generally as a minor component of the isoparaffin. Advantageously, the density
(ASTM 4052, 15.6/15.6°C) of these isoparaffins ranges from 0.65 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
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example SOLTROL 220 (boiling point = 233-280°C). SASOL is a product of
Sasol Limited (Johannesburg, South Africa), for example SASOL LPA-210,
SASOL-47 (boiling point = 238-274°C).

[00165] In another embodiment, advantageous diluents include C,; to Cys
n-paraffins, advantageously C; to Cy n-paraffins, advantageously C; to Ci;s
n-paraffins having less than 0.1%, advantageously less than 0.01% aromatics.
Some suitable n-paraffins are commercially available under the trade name
NORPAR (ExxonMobil Chemical Company, Houston TX), and are sold
commercially as NORPAR series of n-paraffins. In another embodiment,
advantageous diluents include dearomaticized aliphatic hydrocarbon comprising a
mixture of normal paraffins, isoparaffins and cycloparaffins. Typically they are a
mixture of C; to C,s normal paraffins, isoparaffins and cycloparaffins,
advantageously Cs to C,g, advantageously Cs to C;,. They contain very low levels
of aromatic hydrocarbons, advantageously less than 0.1, advantageously less than
0.01 aromatics. Suitable dearomatized aliphatic hydrocarbons are commercially
available under the trade name EXXSOL (ExxonMobil Chemical Company,
Houston TX), and are sold commercially as EXXSOL series of dearomaticized

aliphatic hydrocarbons.

[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
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oligomers of l-pentene, 1-hexene, 1l-heptene, l-octene, l-nonene, 1-decene,
1-undecene and 1-dodecene. Such oligomers are commercially available as SHF
and SuperSyn PAQO’s (ExxonMobil Chemical Company, Houston TX). Other
useful oligomers include those sold under the trade names Synfluid™ available
from ChevronPhillips Chemical Co. in Pasedena Texas, Durasyn™ available from
BP Amoco Chemicals in London England, Nexbase™ available from Fortum Oil
and Gas in Finland, Synton™ available from Crompton Corporation in
Middlebury CN, USA, EMERY™ available from Cognis Corporation in Ohio,
USA.

[00168] In another embodiment, the diluent comprises a fluorinated
hydrocarbon. Advantageous fluorocarbons for use in this disclosure include
perfluorocarbons (“PFC” or “PFC’s”) and or hydrofluorocarbons (“HFC” or
“HFC’s™), collectively referred to as “fluorinated hydrocarbons” or
“fluorocarbons” (“FC” or “FC’s”). Fluorocarbons are defined to be compounds
consisting essentially of at least one carbon atom and at least one fluorine atom,
and optionally hydrogen atom(s). A perfluorocarbon is a compound consisting
essentially of carbon atom and fluorine atom, and includes for example linear
branched or cyclic, C; to C49 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
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polymerization components at the polymerization temperatures and pressures

used.

Polymerization Process Configuration

[00170] The catalyst compound and activator can be delivered as a solution or
slurry, either separately to the reactor, activated in-line just prior to the reactor, or
preactivated and pumped as an activated solution or slurry to the reactor. An
advantageous operation is two solutions used to generate the activated catalyst in-
line, prior to feeding it to the reactor. Polymerizations yielding broadened
molecular weight and/or composition distribution are carried out in a single
reactor operation, in which monomer, comonomers, catalyst/activator, scavenger,
and optional modifiers are added continuously to a single reactor. These
individual reactors yielding broadened molecular weight and/or composifion
distribution may be connected in parallel or series to other reactors making the

same or different products.

[00171] In general, feed inlet temperatures are generally near to or below
ambient temperatures to provide cooling to the exothermic reaction in the reactor

operating above the crystallization temperature of the polymer product.

[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.
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[00173] Dividing the total quantity of polymer that is collected during the
réaction time by the amount of monomer added to the reaction yields the
conversion rate. The monomer-to-polymer conversion rate for the described
processes can be as high as 90%. For practical reasons, for example for limiting
viscosity, lower conversions could be advantageous. In addition, for practical
reasons, for example for limiting the cost of monomer recycle, minimum
conversions could be advantageous. Thus, the process can be run at practical
conversion rates of 80, 60 or less percent, 3-80, 5-80, 10-70, 15-70, 20-70, 25-60,
3-60, 5-60, 10-60, 15-60, 20-60, 10-50, 5-40, 10-40, 40-50, 15-40, 20-40, or 30-
40 percent conversion, advantageously greater than 10, or greater than 20 percent

conversion.

[00174] Catalyst productivities may range from 10 to 100,000 kg polymer/ (g
catalyst precursor compound). High levels of catalyst productivity can result in
low residual ash in the polymer product. Residual total ash contents of less than
0.5 wt%, or less than 0.3 wt%, or less than 0.1 wt%, or less than 0.01 wt%, or less

than 0.001 wt% are advantageous.

EXAMPLES

Propvlene 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
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reactor. The temperature was measured inside the reactor using a type-K
thermocouple.  The reactor was protected against over-pressurization by
automatically opening an air-actuated valve (High Pressure Company, Erie, PA)
in case the reactor pressure exceeded the preset limit. A flush-mounted rupture
disk located on the side of the reactor provided further protection against
catastrophic pressure failure. All product lines were heated to ~150°C to prevent
fouling. The reactor body had two heating bands that were controlled by a
programmable logic control device (PLC). The reactor did not have cooling
capability. Once the reactor lined out during polymerization, its temperature was
controlled manually by adjusting the flow rates of the monomer and catalyst
feeds. No external heating was necessary in most experiments, i.e. the reactor
temperature was maintained by controlling the heat released by the

polymerization process.

[00176] Two independent lock-hopper assemblies were used to manage the
effluent flow from the reactor: one for waste collection during start up and shut
down, and the other one for product collection during the balance period at lined
out, steady state conditions. Each lock-hopper consisted of two air-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.

114
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[00177] The application of lock-hoppers for product removal afforded robust
reactor operations independent of the properties of the polymer made and/or the
polymer concentration in the effluent. This operation mode, however, introduced
short-term fluctuations both in the pressure and the temperature of the reactor.
Typical pressure and temperature fluctuations caused by the operation of the lock-
hopper at 207 MPa (30 kpsi) reactor pressure were less than 20.7 MPa (3 kpsi)
and 1.5°C, respectively. The reported reaction pressure and temperature values
were obtained by calculating the averages of the pressure and temperature data
acquired during the entire time of product collection, which can be referred to as

balance period.

[00178] Propylene was fed from low-pressure cylinders equipped with a dip leg
for liquid delivery fo the reactor. Heating blankets provided heat to increase the
cylinder head pressure to deliver the monomer to the feed pump at a pressure
above the bubble point of the feed. The low-pressure monomer feed was also
stabilized against bubble formation by cooling the pump head using chilled water
running at 10°C. The monomer feed was purified using two separate beds in
series: activated copper (reduced in flowing H, at 225°C and 1 bar) for oxygen
removal and molecular sieve (5A, activated in flowing N, at 270°C) for water
removal. The purified monomer feed was fed by a diaphragm pump (Model MhS
600/11, ProMinent Orlita, Germany) through the stirrer head into the reactor. The
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
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box. Stock solutions of the catalyst precursors and the activators were prepared
using purified toluene and stored in amber bottles inside the dry box. Aliquots
were taken to prepare fresh activated catalyst solutions before each
polymerization experiment. Catalyst concentrations of the catalyst feed were
adjusted to maintain the target reaction temperature at feed rates that introduced
not more than 3-8 wt% of catalyst solvent (toluene) into the reactor. Due to the
small scale and daily start-ups of our reactor, impurity levels were difficult to
stabilize, thus catalytic activities varied from run to run. Nonetheless, catalytic
activities were very high, particularly with non-coordinating anion activators,
typically requiring catalyst concentrations on the order of 10 to 100 mol ppb in the

combined feed to the reactor.

[00180] In a typical experiment, the reactor was preheated to ~10-15°C below
that of the desired reaction temperature. During the line-out period, the catalyst
feed and lock-hopper rates were adjusted to reach and maintain the target reaction
temperature and pressure. Once the reactor reached steady state at the desired
conditions, product collection was switched from the waste collection to the on-
balance product collection vessel. The reactor was typically run on-balance
between 30 to 90 min, after which the effluent was redirected to the waste
collection vessel and the reactor was shut down. The products were collected
from the on-balance vessel. The products were vacuum-dried 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
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Albermarle Corporation and was used as received.  Tri-isobutylaluminum
(Sigma-Aldrich) was used for passivating the feed line and the reactor if they

were exposed to air during maintenance.

Test Methods:

Differential Scanning Calorimetry for Measuring Crystallization and Melting

Temperatures (Tcp and Tmp) and Heat of Fusion (AH):

[00182]) Peak crystallization temperature (Tcp), Peak melting temperature
(Tmp) and heat of fusion (Hf, or AHf) were measured using Differential Scanning
Calorimetry (DSC) on reactor samples (with no nucleating agent added). This
analysis was conducted using either a TA Instruments MDSC 2920 or a Q2000
Tzero DSC. The DSC was calibrated for temperature using four standards (Tin,
Indium, cyclohexane, and water). Heat of fusion of Indium (28.46 J/g) was used
to calibrate the heat flow signal. The reproducibility of peak melting temperature
for polypropylene is within £ 0.3°C and heat of fusion is within 2%. Typically
about 3 to 5 mg of polymer from the reactor was sealed in a standard aluminum
pan with flat lids and loaded into the instrument at room temperature. Sample
was cooled to -70°C and heated at 10°C/min to 210°C to acquire the melting data
(first heat). This first heaﬁng provides the melting behavior for samples made in
the reactor. Since thermal history influences melting and crystallization 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
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melting peak using the software provided by the vendor and corresponds to the
peak of the melting transition (Tmp). All samples reported in this work showed
relatively narrow, single melting peaks and the breadth of melting did not show
any significant change for different catalysts. Area under the melting curve was
used to determine the heat of fusion (AHf) in J/g using the software provided by
the vendor. This heat of fusion is used to calculate the degree of crystallinity.
The percent crystallinity is calculated using the formula: percent crystallinity =
[area under the curve (J/g) / 207.14 (J/g)] x 100%. A value of 207.14 J/g or 8700
J/mol is the equilibrium heat of fusion for 100% crystalline polypropylene and is
obtained from Ref: B. Wunderlich in “Thermal Analysis” Academic Press, page
418, 1990.

Melt-Flow Rate Measurements:

[00183] The Melt-Flow Rates (MFR) of polymers were determined by using
Dynisco Kayeness Polymer Test Systems Series 4003 apparatus following the
method described in the Series 4000 Melt Indexer Operation manual, Method B.
The method follows ASTM D-1238, Condition L, 2.16 kg and 230°C. All

samples were stabilized by using Irganox 1010.

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
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viscometer detectors, or Polymer Laboratories with on-line Wyatt mini-DAWN
and Viscotek Corporation viscometer detectors. Experimental details on the
measurement procedure are described in the literature by T. Sun, P. Brant, R. R.
Chance, and W. W. Graessley, Macromolecules, Volume 34, Number 19, 6812-
6820, (2001).

[00185] The analysis was performed using a Waters GPCV 2000 (Gel
Permeation Chromatograph) with triple detection. The three detectors were in
series with Wyatt DAWN “EOS” MALLS 18 angle laser light scattering detector
first, followed by the DRI (Differential Refractive Index) then Differential
Viscometer detector. The detector output signals are collected on Wyatt’s
ASTRA software and analyzed using a GPC analysis program. The detailed GPC

conditions are listed i.1_1 Table 1 below.

[00186] Standards and samples were prepared in inhibited TCB
(1,2,4-trichlorobenzene) solvent. Four NBS polyethylene standards were used for
calibrating the GPC. Standard identifications are listed in the table below. The
samples were accurately weighed and diluted to a ~1.5 mg/mL concentration and
recorded. The standards and samples were placed on a PL Labs 260
Heater/Shaker at 160°C for two hours. Thesé 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.
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[00189] Here, AR(0) is the measured excess Rayleigh scattering intensity at
scattering angle 0, c is the polymer concentration determined from the DRI
analysis, A2 is the second virial coefficient, P(0) is the form factor for a
monodisperse random coil (described in the above reference), and Ko is the

optical constant for the system:

B 41t2n2(dn/dc)2

K
AN,

(o)

in which NA is Avogadro’s number, and (dn/dc) is the refractive index
increment for the system. The refractive index, n = 1.500 for TCB at 135°C and
A= 690 nm. 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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Mi = molecular weight for each time slice, hi, from the chromatogram, and the

summations are carried out over all chromotographic slices, i.e., between the

integration limits.
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SOLVENT A 0.54 ml/min TCB inhibited
PROGRAM
GPC console setting was 0.5 mL/min to
which 8% expansion factor (from
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DETECTOR A: Wyatt MALLS 17 angle’s of laser light
scattering detector
B: DIFFERENTIAL REFRACTIVE
INDEX (DRI) in series
C: Viscometer
IDvol.=+232.2 ul LS to DRI
IDvol.=-91.8 ul Dp to DRI
TEMPERATURE Injector: 135°C
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Column: 135°C
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CONDITIONS
Shaker @160°C
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FILTRATION
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VOLUME
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CONCENTRATION
SOLVENT DILUENT TCB inhibited
CALIBRATION NIST 1482a; NIST1483a; NIST1484a
NARROW PE
STANDARDS
BROAD PE NIST 1475a
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effect may also be achieved by keeping the reactor bulk temperature the same, but
cooling the reactor feed, or by the combination of the two. Due to the correlation
between MW and crystallinity, it is expected that these products also have
broadened composition distributions. In pafticular, through manipulation of AT
(reactor-feed) and appropriate baffling, mixing in the reactor, one can desirably
create a high crystallinity, high MW component in isotactic PP (and syndiotactic
PP) products. The high MW component in isotactic PP products will provide
improved crystallization kinetics and solid state product properties in a variety of

polypropylene products, including fibers, molded objects, and films.
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Table 2. The effect of increasing difference between the temperatures of the feed

and the reactor bulk using the same reactor and same stirrer design and speed

Synthesis Reactor conditions DRI

number Al/Zr Zr Temp |Conv.| Res. time | Mw Mn | Mw/Mn
mol/mol| mol ppm| °C % min kg/mol| kg/mol

24519-122| 411 0.06 119 11 49 248 119] 2.08

24519-148| 411 0.15 119 16 6.3 217 102] 2.13

24592-002| 411 0.17 122 18 6.0 173 73] 2.36

24519-106] 411 0.32 122 18 6.2 154 50| 3.06

24592-164| 410 0.07
24592-156| 410 0.08
24592-129| 412 0.11
24592-119] 412 0.13
24592-114] 412 0.13
24519-128] 411 0.20
24519-132] 411 0.19
24519-138] 411 0.27
24519-143] 411 0.44

[00194] Certain embodiments and features have been described using a set of
numerical upper limits and a set of numerical lower limits. It should be
appreciated that ranges from any lower limit to any upper limit are contemplated
unless otherwise indicated. Certain lower limits, upper limits and ranges appear

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.
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CLAIMS

1. A continuous process for producing propylene based 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) propylene and optionally one or more other olefin
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 up to 140°C 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 propylene and the optionally one or more other olefin 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

(¢) forming a polymer reactor effluent including a homogeneous fluid phase
polymer-monomer mixture in the reactor,

wherein the reactor includes a means for minimizing back-mixing of the
polymerization system 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 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, and

wherein the residence time in the reactor is from 2 minutes to 30 minutes.

2. The process of claim 1, 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.

3. The process of claim 1, wherein the means for minimizing back-mixing of
polymer reactor content includes a length/diameter of the reactor of greater than 5.

4. The process of claim 1, wherein the means for minimizing back-mixing of
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polymer reactor content includes a length/diameter of the reactor of greater than 10.

5. The process of claim 1, 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.

6. The process of claim 1, wherein the polymer concentration gradient is 25 wt % or
more.

7. The process of claim 1, wherein the polymer concentration gradient is 30 wt % or
more,

8. The process of claim 1, wherein the polymer concentration gradient is 35 wt % or
more.

9. The process of claim 1, wherein the Mw/Mn of the polymer product is greater
than 3.0.

10.  The process of claim [, wherein the Mw/Mn of the polymer product is greater
than 4.0.

11.  The process of claim 1, wherein the Mw/Mn of the polymer product is greater
than 5.0.

12. The process of claim 1, wherein the one or more other olefin monomers are
chosen from ethylene, butenes, hexenes, octenes, decenes, dodecenes and combinations
thereof.

13.  The process of claim I, wherein the polymer product is a polypropylene
homopolymer, an ethylene-propylene copolymer, a propylene-butene-1 copolymer, or an
ethylene-propylene-butene-1 terpolymer.

14.  The process of claim 1, 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 1s 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
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or more downstream feed entry ports.

15.  The process of claim 14, further including a temperature gradient in the reactor of
greater than 15°C.





