CATALYST SYSTEMS AND PCLYMERI ZATI ON PROCESSES CROSS REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clains the benefit of
Serial No.WeGHMBWENS824, filed Novenber 14, 2006, the di SEITHS3HENET749
which is incorporated by reference. FIELD OF THE | NVENTI ON [ 0002]
Generally, the invention relates to nethods of polynerizing ol efins
usi ng catal yst systenms. BACKGROUND OF THE | NVENTI ON 100031 Pol yners
produced with a multinmodal nol ecul ar wkight distribution offer unique
product properties. Miltinodal products articul arly binodal
broduct s, can be GABALYSE SHETEMS S0D Pok KVERIZTEANPROFEITS

di fferent polyners, producing multinodal polyners under a series of
reaction conditions, and reacting different catal ysts under a single
reactor condition. One nethod that has proven to be comercially

viable, is the pr oduek’bgg @Fﬂﬁ%ﬁé%%gfgﬂ)%gpﬁégtrm§Mer ein a

catal yst system conprisés nore than one yst or c yst

conponent, t .n effect.. provid,ng, no t-han. ach} jt o]
pol ymeri ze n@%il}ret S (:?QP&??&P? h‘éa‘B‘& mp??gfiogng%?agglgg's%b{%g’rsl%’eﬁle%jo a
reacti on sysgierembeAtd) 2004 ahd/dikclCRraxNviidh i€ dritotboraed byreferadeces a

pol ynmer conponent with distinct product properties. The net result is

a polynmer conposition with distinct product advantages. 100041 U. S
Pat ent Nos. 6, 605,675, 6, 846,1886D (& 986, IN§¥ENTGO689, 847, 6, 274, 684,

6, 841, 631, 6,894,128, 6,534,604, and PCT publications WD 2002/ 046243
and WO 2001/ Iﬂﬁﬁﬁ%ncﬂaﬂ??ﬂ@'ib%mi&e%}dtém RERERSTGR andizireChgigus gl or
maki ng mul ti nodal catalyst systens, and polynerizing wth these

mul ti modal cetadysysystesisst ens. For exanpl e, these references discuss

bi rodal catal yst conpositions conprising a conbination of a Goup 15
cont ai ning nmetal conpound_(a_ _bisam de conpound) and_a netall ocene
conpound. One of the advaﬁ%@@{@mmggéﬂfﬁjm‘( G0N cat al yst syst ens
lies in the nolecular weight split (ratio of hilgh to Il ow 2 nol ecul ar

wei ght pol ynigeo3prRedyraesd produesgdewish a mulemedal aojestilas yeiehhistrdution pifert y

and nol ecul e I f . e i i, odal
catal ysts cg‘ﬁlmi% @?g‘?\cﬁ%@éﬂ%ﬁ y%g{"l%gﬁi %126 rﬁ%&ég?%gﬁ%gﬁgugwg&%{?’ng
of the nulti¢mddt madwkysby vhAOWS ethdgs,nedichi as tryimingallifferahe spryhes as
catal yst deactivation or |oss of catalyst system prodquctivity, over
T Y Thi s pobHas meliiede s olren Soths Ot B Lionayore AR Tt e

two or nore gakRhySkalGRRIRLR bifglk Adktof8hdRttondiGreShRdd thaliRs prolbeto
degree of aging Is tyﬁlcally ascertai ned by nmeasuring the activity or

product i vi t ybeofonameyiciabiy vishlealsytbe pisduaiion of spultimodsk cataliE §y pemps wherein
Because the catal . ] ' ch as
daye or mont ken e Shup RS IO RARBAO RS PELATE Bnobhif AUV U2,
conponent s, &fqt,groviding hhere phenamentine usei&d pylymedes mesorherseluengl the

significant resources. Furth re, multiple s les a

ol yer | sat | BRVOELALo PICFSq Y Fcfet & Aeseriur waRy Fo PSS grpRorent
100061 Var i ogsncii@édi9Grodudes 5ysinescotpondd $hthlstinef st pysitiesTHRAV €
been devel oped. For instance, Brummer, O.iver et at, "H gh-Throughput

Screeni ng Appitieslt in Frlpmersconmesiaps pith distinctgiodisisvasigesonbi nat or i al
Chem stry, Vol. 2, 2002, pages 864-884, Boussie, T.R et at, "A Fully
| nt egr at ed HogH TH:So Rgtepu NS el 7890886, 58 & P8P 08,6 8heA Didslddiéty of

New Pol yol ef | al b | y..of . 1

Tenperat ure élgﬁrllfg:@el sé(?}e‘;’slérgbgi?%?’l\é@?’ aé@p%ﬁ; \rﬁ?lézgg«talﬁ%r\f@ (Eaﬂ[ﬂé)?@g?gs% and
Journal of th® AL1/066861Centely, SGsciilet yroc286S8)nd 12Ghigles fpogeking
4306- 4317, Murphy,. Vince et at, "H gh-Thr.oughpyt roaches For, The
Di scovery AnBY qdad E%If‘lﬁfnsy@fenﬁie@\?lu&?'{“ﬁ“@ﬁg )}'ﬁﬂ} f@g‘dfﬂw_ﬁl@q%élcﬁ@lty?, "
Chemi cal Rec@sfins20Pg) exafipfo) thddd G6redd3-d&Wss Bﬂﬁbd@pbﬁiﬁzﬁ chbmpBsitigis
al., "A Fully Integrated Hi gh-Thr oughEut Screeni ng Met hodol ogy For

The Di scover sondirishige Fhlivatoniod aCowe V& eentaiming regmgpung (@dyFamides s
compound) and a metallocene compound. One of the advantages of these

multimodal catalyst systems lies in the molecular weight split (ratio of high to low



4 hal ogen, or a heteroatom containing group, and wherein each of the
two group 15 atons are al so bound to a cyclic group and may

apti onal | yWR&0¥dG#d2t o hydrogen, a hal ogen, a het er oat ofTo¥S2807/023749
hydr ocar byl group, or a heteroatom containing group. 100121 The

mul ti nodal catal yst systemin sonme enbodi ments conprises a spray
dried catal yst m xture, wherein the spray dried catal yst m xture
conpri ses a bisam de catal yst corrpound,2 a netal |l ocene catal yst
conpound, an activator, and a residual solvent. The spray dried
catal yst m xingleeulamweightepabymeredicedib ddiwaver, éhq:@méyslt §Es§,ﬂhpmﬁhmtﬂﬂbfo

about 3 w % er cent e bisa t

the netall oc%@cﬁﬂﬂ u‘ﬁﬂg@oﬁfﬂ%ﬁny?ﬁremg%?cgg \&I&’i tg%i% wﬁﬁgﬂz@%gﬁ ture
in other enbagl beripnifikanpy hfftdedboUdegddation dbxoud a@ﬁgwif%hefmﬁlltlmodal
activator. In anot her enbodi nent, the spray dried catal yst m xture
conpri ses ab®@Y%0 to about 70 wt%of a silica filler and about 2 to
about 4 wt % of the residual solvent. 100131 In one enbog0 rtjt of the
i nvention, tWe0skprainglris dypieally Aegaibediag calplysy deaghiaiien OB dpss 9f 28y d
to forma sl S r |
conpri ses. art T S e R e e
or higher al pisenslindlides tio oomereeaatabxtt mpqnenthehacagmt dlrfifegcrérratas phe
olefin is hexane. fJ n. anot her .enbodi ne

olefin is hi GHEAEa8ING @6@&?%lﬁ'fa\5?ﬁ“@m§6tb\s;élﬁe[aswg\% tﬁ% a%H’g‘)&?r I@fa@g@' 1ty

boi I'i ng poi ngr 2aNE calaBut bAM ovdrinGxen@etd petidde NBecatifReths katalybtedystem
catal yst m xture conprises about 15 to about 30 wt % of the spra

dried catal y@'c’tn qltpxgeLVer a periosd timersugh gy nemmonths, githgr in wpelg OEH’t

m xture corrp i ;r&an
about 20wt oebE TREREH st S At Colinieths b pleh? el PRl
enbodi nent , t;ime ahxﬂ sugmﬁdmt ¢e3baﬂcyssth.w\smmw conipiple sesples adotymerizatipn

activator and a ‘PeéS cont ai ni n E’gEt aft catal yst compound, the
non- bi sani deteérétaﬁrﬁg Ir ﬁg?ﬁHﬁedB‘??ﬂ %% vet al | ocene cat al yst

conpound, the confacting st conduc t a t erat ur

greater t hanleaﬁd)uifarm gﬁﬁogfﬁpissgmrgs pr ??Sgﬂg éﬁ{@ bﬂer%?’avet 8ehout
400 psi g, thgeytipbd Mdalingata! Bnnty SORRYI & 81 eHﬁgﬂ TiRbugdpul 8@8dnirg0
days, the control l'ed tenperature is | ess than about 1C _and an aged

catal yst prodgplisd/Te ?rqcsssalﬂe\ielmmenhbHamdb?Sh/@BﬁoQOF‘WhC‘é%“ﬁWs\fo

productivity n atg, t di« -
catal yst pr o czt%P%il P%}I S afgﬁrhé ?&5880?{}?83{)}?&, ﬁgﬁugl?’els]ﬁegg%tedgl%l]s?
product i vi tyT‘hWagh;&msSaraexmg)tMahochxhdgyd:fwreme Dikvevaged d¥aval Badyolefin

productivity js at |east abou o Of resh cat

product i vi t y Catalystsi h@F"‘fﬁ“ﬁ@ ‘h £¥ Cd/%@gm@}j‘%mpegﬂgrerﬁ?% EB%QF"“@&W yst
is stored foCoﬂélan@ﬁﬁtloﬁQlaM” J—‘lﬁﬂaal Bf &ikiArherthh ©hedlcaPSadte (2003),
enbodi nment s mul tinmodal ‘catalyst is stored for_at |east 100, days.

[0015] In on 2% o dhges 306443 L My ofinca ¢ferln { Hight Thaogghpul BRroaches em
conprises a sy , el |
cat al yst con%oﬁﬁ@gbﬁ%&%rgﬁﬁj‘gi@%{%&a&e&g;@@%@ g‘;‘/‘gﬁ‘é cg?rdﬁlr%!lg%g%sa
met al | ocene CabmicgsRemmomj 2(Hhemgeo?1&2iY, agd Boeysie B Rendlictrebullit a

tenperature an about 60C

20(r)rp psig to &%ﬁglbilq@ lﬁﬂlﬂggﬁ’iﬁﬂl{%@@%ﬁ’%%ﬁéﬁgﬁ%@éﬁcgﬁr%g or ed
for at |east P%@o!iﬁ)i%atéli?@s qmﬁdwefl | BHAt RSP @1k OieHigh TeaperhianSiagieut

1C, and a high nol ecul ar wei g ?’ractl on of an ang cat al yst poly{rer

produced in Bie Gown G¥ QQQOIQ’F@EZ@@“ Statalystsst Jougsl of Bsopmsricen Chrmih
mol ecul ar M;Sgag:tp;f I’( og%%rsﬂf pfa%eﬁserOGaWa 1§et1'a18'0|dY§3§§s métﬁod%nof using

alternative is e e hi gh’ ol ecul ar Weedg fraction of

t he aged cat highshropghputrescréeningt meshsis atbudevd®ss inf thenederelgpmens| aedil ar

wei ght fraction of a.fresh cataly

enbodi nent s, ei’aﬁ%q%lc’(flcﬁ%@é Syéé? S&%r%f“‘ss % %‘Fté’g@? %%:r&gs{o [ﬁgeasf:@%g% 3
Patent No. 6,440,745, U.S. Patent Application Publication No. 2003/161763, and

PCT publications WO 1999/064160, WO 2001/098371, and WO 2000/009255.




predi cted aging characteristic response is an aged catal yst
productivity response of the nultinodal catalyst systemas a function
of tine. 1YO290B10M4513 et anot her enbodi ment, the first adiGigiS2007/623749
characteristic response is a first nol ecular weight distribution
response of the bisam de catal yst systemafter a storage tine, the
second agi ng characteristic response is a second nol ecul ar wei ght

di stribution response of the non- bi sant de catal yst systemas a
function of time, and the predicted agi ng characteristi éespoQag is
a predi ct od NWoUht Weskgrundi Sefrapaes ofichisspolh JHPHEsHTe

nmul t i nodal 0%?@)02%18%@\5@}%}0%@1@ time. 100221 In various

enbodi nent s erel’n a product property of the nultinodal polyner is

predi cted us| redi ¢t i teriskl G, t.] is
B least 30,008 oAl et b8, S HRHARS leRlint i 400 3 4fe pf”
met hod, the Jatalt sp@imcsucihas anltiddal ¢atalye Spoese and inatufr, tstomml theirndex
response of the bhisam de cat al yst sg{ste,m a]é a fugﬁ)t&i on zﬁf tinme, the
second agi nEMarHKreas Adwither nesd g pelymezize olelipb KHin Hsks ARl Y ¥ Sns e
of the non- rﬁ@tﬁbd?orc%ﬁilpye?tmﬁﬁ%ﬁép Btyder beHabdsARdNS fwHileMBoingiABlet e
predicted ading characteristic response is a predicted nelt index
response of prh@chandtdontsolatertomt prpsass and, produstpsopgrifagnguch ab iof examnle,

100241 | till h I t : ' d
2 ml i modal PG PO S skrC pRpEkef saRF Y ol BRbghec |

mol ecul ar wengletulgh wdightllignimmiona per cent age of hi gh nol ecul ar wei ght
conponent, or a percentage of | ow nol ecul ar wei ght conponent. 10025]
I n ot her enbodi nents, the predicted aging characteristic response is
t he productivity response, $iydiMaRY OEFTHBANYENIGODNONer response, or
conononer response of the nmultinodal catal yst system 100261 In other
enbodi ment s, jgbtde THelirfdne dn@@iing pr@&dRNS endtliod be pplyattrieing volefns by:
response, hyer%en response, conobnoner response, Or COND

response of PREdHEIAMRbmedalcatalysy systesy; stomne dog BRImody qa&?;%?%é{e&hgt gas
phase react of 'cowﬁ%ﬁlteﬁﬂbe&ttdﬂs-' c&ﬁtgkﬁfnﬁgfﬁ@%hﬁﬁr{?}dﬁb chtigst bysidm GG

characteristic response and the seco aging characteristic response
are det er m nmdnamsérnggleatedatrom| te agroup sonsinging DG Ko ds 2lphd glefipedn a

mbodi ments, th | erated agi thod.. hi gh t hr oughput

ool ymer  2at | BADTEGA RS ORT: “aguI8E e SUITECARBURER. onbodi ot
del of the agi h eristj f the nultinpodal.catalyst

System i s doWBRbB @ ATEA B R Je MTPONG Grs YTt SOPREE: ACAD 5 3

second or der cA86A%ysidR QR h nbADisathideesttal ys0 ¥fink.OM aotieer pmbudieeat, she
met hod of controlling the aging of a multinodal catalyst corrpns;éqng:

provi di ng a hisimideroerialyst asyaleys ccompgsesnt cOmRi 47 ngpniping Jnstale CR1BVES vst
system and a - bl sam : %%S]f Nt ' he

mul ti nodal c%{m 3‘,‘@3 Z‘i‘/ng g?ng@%@dé%%tg?t ab @%%@2@7 Fa&aﬁz%rgg%t%ﬁ]?ﬁrgbporstaabl e
vessel is kepktaibceae catatysbbystan e mpenatntiosalofansision radtalncaabalitsystam.C,

I n anot her eppodi nent, .the port.able vessel is k i~a

t enperat ure of® F%‘E?“FQQW%%W 5 p&%‘er&ﬁl&ﬁ rtbarb ?@cgli ? gb(lﬂ”ymﬁrgggslr Et?ﬁ'gﬁfd
about -9 C [Q0801 adodt 8QLHE EvepThsre pragthblWoLlesd haid ftvunid°C nodal
catalyst is transported, the bisam de catal yst system conprises a

Group 15 confygiifi ROothBL hbédmehty,Sthe (RMRAEN datalyft Shiehl canfiseel metal
enbodi nment erein the nultinodal catalyst is transported, the

non- bi sani decajelys|cpmpowidseampristigpt B1oR 340 Byl SRR 10l 3fdeask 9t em
100311 In stiy nig'i]e%ﬂ%.rgg&{ﬁo%w %rﬁ(ﬁuﬂ@% Shihst B %Pd{q% i 5RAEls, £atA ?ﬁ?et S
-Bisa e np I

transport ed, “the- non catal yst systemc ises a nefal [ ocene
c at a: y s: sysbfwhichixthldoimubd seangrdep d:ﬁbr;l ?Iaibnlmilymtliﬁmlmoﬁ{ep giogp gvh?g:h?eayalt
catal yst compound, conpri si rou 0 net al . at.om bound.to a

| east one anPorfi &11%8a %%EY‘G?%%’& aﬁ?ﬂ’gﬁ’l & PR SOIAMIP LR S G Poup
15 atons, at géfagtun) e, Rhd, Whbsihohs, &l Skaldpedhdréinahggoup 13or 06 atbt

may also be bound to nothing or a hydrogen, a group 14 atom containing group, a



100341 I n anot her enbodinent, the multinodal catal yst systemis
agitated after warm ng the nultinodal catalyst system 100351 In at
l.east one WRFSWIHENMZ, the nultinodal catal yst system i sPCEGVRE&E37dr
at | east about 24 hours. 100361 In at |east one enbodi ment, the

mul ti nodal catal yst systemis warned to at | east about 10C before
contacting the nmultinodal catalyst systemw th the nononer. 100371 In
at | east one other enbodinent, the nul fi nodal catal yst systemis
warmed to at | east about 10C before agitating the nultinodal catalyst
system 1003gdogenhesra feterpaipmonigthingigravn: 45¢ sherein ¢qeh gf gdye 2rawpdst i on

wi || becone f l.ow Ik ol 9

shoul d be un%glgg%l%o% ,0 0%\%%/%??%? hg?&ﬂp%d%ﬁa&%pbﬁrﬁal@é%ﬁ{opﬁ %00 raﬁgn’t he
speci fi ¢ exaafdlegen, ahdtéreatodiradiydrugampyledreuy, eda ketbodiomeruhtimfg grioaep.
invention, are given by way of illustration only, since various
changes and ppdj fTiRahiiRf Ml datdlyst Sters i sorhe anbodimene comptists a spray
invention wll becone apparent to those skilled [n the art fromthis
detai | ed des@igdpeatglist MpEUIBRIMERTEISURIGNTRY? rigd geeielgANTNISETeL BTN e
foll owi ng drgw. n 1ol h Qi

el uded t o TarTR hOUIRBPbuR, « nif BEaR L Gl il ah SRLALE, dd

i nvention. Tiesidiialselvento T hewypradyairisd tcatelystumiieurs irosundgf thefeemdedimanss one

or nore of these.draw n in.c ination with the t al.

Gescr pt hon BITTHES AP o b anf oot o odeli deeenlras o WoBles ety e o
is a graph sknwpoagd tahe thd argotdhe tddmpplimdeumhibinéd. y They epray idred chtalyst

mul ti nodal catal yst powder stored at nul tié)l e tenperatures. 10$4i}11
Figure 2 is Bigpaph ehemermgodimenie nomyeisesabtie 30 Byabeyt G yrovel he ne
of a rul LI MgalaGR! 3hYAbinBO URBEAiRIA, e Yirky WRER Gk RhreScotiphides
stored at various tenperatures, and at controlled tenperature of
the current abouelditorbol (W4RMD4 Fif gusikicasfille aad gbayh2 thebduhg wite of enge

i n nol ecul ar V\gi ht1 distribution of polymer produced using a

nul ti nodal cH® P%sgf”ﬁ@red usi ng an accel erated agi ng nethod. 100431

Figure 4 is a graph show t he | ecul ar ight di.stribution of.
pol ymer pr odl?gghaﬁs‘?’}?ge”\é\goﬁaf’ﬂq rﬂﬂgff "E"ﬁ?téqr\’/i& %1“8? gﬁeq;fatay%dﬂlf(%? Fed
tenperature gfpd@d BUANRAID tOYRRH h Wi EAbyEDmDESER! PRE GijuidFinTbiie

| NVENTI ON [ 00441 The invention provides a_nethod of polynerizjng

ol ef i ns conpembodigentcoppries:anmilapd @ihydrogarsom.tyhesim theiydipegrben Badcem
storing the } |y : rQl: t L)
cont acti ng t BT IRITE Pk SR, Y Bf oY ShBRiBln (RO CL I I, SR
from-the grohgxanandhsinothgr ehb&limient, @ &6 pivahigheefalpte olefim is high-purity

pol ymeri zati on process; an r odugi | t.J.modal . pol yner . ohe
ot ment . PRRATHERG vl bR &5 T8 B B bl oo Aok ks o7 O
cat al yst systgMansHimeMO febilaARH databat alivitle SonsirRe8 aiont a8ab dbut 30
enbodi nent, the catalyst systemis contacted with a npnoner sel ected

from the growghcdnibt spiasgrise aatalysh neAtueg. pkm apatlr grabogdipens, he FHRBS e
sel ected fro LS 1 o5 & R RlefebdMard dbotihe
pol yreri zat i %L’Brgé’%é@g‘g coq%ﬁ&%%ﬂfg%s% a%%t(}@ her e?ﬂn, "cat aﬂaysta agiong"
refers to th20ptdrdtetyorkigheealphd dlefimesponses of the catal yst system
change over a period of tinme during which the catalyst m xture is
stored aft er joompuimagétusimthef hastedmhanghs hisenddd ahlyst systirerompsEorses
are reflected in the fact that the catal yst. systemw.l| have

di fferent reS{PREed" \ﬂﬂé‘ﬁ“q{(ﬂ‘ﬂaaar_ HOLIPO?%f?)ﬁﬁ&i“ﬁd“%{glpﬁqtﬁ)ﬁ%rwa?o‘t'%je tgearre
condi tions afbRbishiiRle CAlalsY Systéhh XokpisdsSa $ie@dlRereOfatAyd @oimduRf, thd Ne
after the catalyst is nmanufactured. For exanple, the catal

t
product i vi t ycoftaciing stepl iy senducied At & tempedivem of Breaten Ehapmbay @P i ht
di stributi :

i stribution Pefssug@&@&m&ﬁ_zeb 9%&{%@2%@% aﬁﬁlﬂ{odmr&%& alswst

m xture is store or 'a period i's particular
t roubl esone fismtoradifor anieska B0 dagsathy sontsojlet camperffoe iekssthiregboirnl °€’; and

an aged catalyst productivity is at least about 75% of.a fresh catalyst productivity,



[ 00471 The terns "nulti nodal catalyst systenm or "nultinodal

catal yst" as used herein refers to a catal yst system conpri sing at

| east two WaeHBPeS1onponents or systens, each cat al ystPCAORpUHER+%0r
system capabl e of producing a polyner with different product
properties, such as, for exanple, nolecular weight distribution,
conononer distribution, or other product property. The term

"mul ti modal catal yst systenf is intenddd to include a binetallic
catalyst as well as a nultiple-catalyst system and_ includes any
conposi t i on,Ingnxitematede thiyembodimprtt the nesd eptaly s pradustititytingt lgast pbént
catal yst conmpeun each havi i T . e, ly,
each di ffer§ﬁ8§@5|fv§ cg@%ﬁ%@ﬂpg@ efF%%lﬁoﬁ]eé%@%g%ﬁnﬁgﬁﬁe Jg%ﬁ
particle, saatahat ptodectilitglis ar lehstrabbatl H% of dteafrgshtcaiatysapodppdityedn dual
or binetallic cafal yst. wever, as_used herein, the.ter t j nodal
catal yst al S8he5adeapy eml?le_gﬁﬁéts‘i’ the %?IB?FF"‘&)FM?W %ﬂﬁ?t%regﬁor\ﬁhgéﬁlggr#@y%f
the cat al yst54rigsiifl @eheP B1t@hfe CRIbLEGINRN IR mAURRAAI  calByst isCdisied farrnud
anot her catalyst resides on another collection of support particles.
Pref erably, leasti®bdaysatter instance, the two supported catal ysts are
introduced to a single reactor, either sinultaneously or )
sequent i al | yipe1andn pot ymboedimenti ofthd metbodidbe bisamide catplystsydem sempaiest he

dual bi | i I Iy € . | '
cuppor ted ot SR SR R § e I amahli R GRS ELRRIR e

optional ly c@atiiamies banlysosRRResfpisds astaledehs attalyst canpuunduiley
additives, etc. The catal yst systens as descfri bed above rrgﬁ?]éuav t he
same or di f feONBRtNGEERISCONIHEES 3hd IGRPFRIRIR Heater; G akout A% 2same
or different |eayl o400 6hi D AL AALAA chidlyangst
particul ar t%g%%,ﬁﬁog{%z?qoé@%@t hat thg Irgéspons_e of tcheyca Sétlemst
i's vari abl e iswstred forat bestalsdayshthe mohtyotied températmrer igdpssriban dfouy 4tGious

conmponents of .the catal yst s m.may -he _chan ' t i ng
S S DA T S A T
was dependendon@RtihgSep KTREEAL dbcut B5YbE 1B HidlemoRtalhy stightBacioaréd.
This change in catal yst response is particularly trouglﬁg@gme f or

mul ti modal  clieshi qpiedyst pelyews In @8 pbemaliys to hisrehedimente PrbiRd meEedTy st
system CoTPr waigh RadtioR U HE agéadcﬁawfb-own%% de1aat AosdoB A anh. | f
t he pol yneri zali on response of the”two ‘catal yst conponents change at
a di fferent maleeylat eight hizagicnpefr ai eshotatalye pelymaer br othge edfematet he

same reactor conditions wlkl change w. a sty 13

100491 v ¢ noR BRI B Aerash s b dshell (P RE AR 60 feysChi #ikan

bel i eved t hajthér Kliestd embedindhtysthe anupimoeait catadysimiy stoteeforrat lepst 100

unst abl e than a non-bi sam de cat a@!ﬁst congonent él'hi S can bel segn by

the dramati cdaysanyatilboiber dlierats gmpodimenis, the conitoled {pmpsralig is less tha

pol yneri zat i esponse (see Exanples below) of a catal yst containing
. ut &5 .

only a bisam de catal yst conponent, particularly when stored at

el evated te tphr e I hdOMH SIS olefins t

non- bi sam drerﬁs E{g ’E}Fleeﬁ{mggﬁj&glﬁt@dé{ %grﬁgfaggg%ange %dvgp_ tinfrgéo iB_r:ns °

cat al yst pol ynmﬂudezaatgmiqugbmiwga cofpuisingvhe steps ol providing| 2 wultiaogsl

system conpri ses a bi sam de.and a nan-hisan de comnponent

pol yneri zat i Baﬁﬁ?"%ﬁ)%ﬂg EOTgPIY Re? P\W‘@Sﬁ%&lﬁgﬁ? %e‘@ﬁ%‘ﬂgélg‘gg ]S%m@?? pal e

rate. This diysfeaf; e4iie coriaclihg ah€ m@timbilg hautal st asysg® withpey alpha edefin

Because the nol ecul ar wei ght resg&nse and productivity, of Ehe t wo

conponents afEnRASitoRr Wng PRIBPEHZAHRN PEOGEHS {4 PESHUCA f‘}‘%ﬂﬂ%qa FOIXREEr i s

produced at a I LRRS- of THR MORRGRAI BolyRRP G $RedieRe Delfg N

how | ong the%gﬁea y trsg%gtﬁe?#ﬂg %tored and ?hgo?enperzture at i ch

it is storedpred®@8Ggingfchatacterissioymenonseanfi thhmubiismasiah eatady st gysiem.afryane

systemis unpredj.ctable, si.gnifi { fJ - Of £ - QF terial
are pr oducedglgﬁocbwgl%bghﬁi Iﬁrrgfi!hngec‘ gg&gn%]g%gﬁ @Eétlc llre%r:]bn?é'ss %Jefé%rgﬁ%gﬁgln%, a
accelerated aging method. In a further embodiment, the accelerated aging method

uses a high throughput polymerization unit.



16 thereof. Preferred processes include gas phase fluid bed or slurry
phase pol ynerization of one or nore olefins at | east one of which is
et hyl ene oVOBPBIYIdhe. A gas phase process is particul HIYUSEPETHed
(see for exanple U S. Pat. Nos. 4,543,399, 4,588,790, 5,028,670,
5,317,036, 5,352,749, 5,405,922, 5,436,304, 5,453,471, 5,462, 999,
5,616, 661 and 5, 668,228 all of which are fully incorporated herein by
reference). Also preferred are pol ynerfzation processes, particularly
a gas phase fluid bed process, conprising a cycle fluid that
conprises a [§¥3l ghaarethgn¢mbotiment avheteins @ produsd Fuaperty ¢fnibe SRBIGHIOARN |

the method o olirIII:rsisI &%&@Ieido&i&g ag;}réﬁ%gdagrn V@Ia%c%rﬁ@é,%%: Qfethtd Hh
pressure, sliurty, or gas phase pol ynerizati“on process of one or re
ol ef i n nmononfartherawiphige theastep? of odeBOmbdngd o firs tagimg, chpaettBstmbbspofset @ 12
carbon atons nd npre ﬁ)r eferably 2 to 8 car bgn at O‘[_‘{B. Thsg. i nvention
s parti cul shPPISBIGE AL YA G RTINS FF2BY PERE STRRHETE TRpPES

ol efin nONONEY §e Qhn-BisthlRNGialRf ARWNENARd BRI thd ﬁrﬁ%@hgrtﬂar?hcteristic
4-net hyl - pentene-1, hexene- |, octene-1 and decene-1. 100601 O her
nononer s us effesponit anch thensseersldagifg chasadteristintrespanserfel educe tthy peedicted) | y
unsat urated nononers,. .diolefins ving. 4 at ons,

conj ugat ed o?gl%%ﬁaﬁfeﬂlgtéﬁ SPG |See(r’1f2(§? mggII?OéI%g%a,Ia%S? %I)e%ﬁononer s and
cyclic ol efins. n-1imti non rs.useful in [ t]

i ncl ude nor b@&?ghy?‘ WI@B&EIII%QWE@?I@‘SBCEH Ji %rﬁg?mipgé%hngeky%@ 58

vi nyl benzocygdiphert anpredisiedr @gsa bdigttd Sighgt ¢Hartcrgistid, ythe men-bisamide

et hyl i dene nor bonene, dicyc] opentadi ene and cycl opencs eng. 12)0611 I n
one’ pref er r etRtAKB FIFHBHROTIISEhA MYaliRsEncoFataliy” OmpeHRd. Gid the bbgBidfmer
of ethyl ene | | Wl €6 ard LRBRNSRYst RBMbBEhdat

| east one aIIo %?%?g#‘?ﬁ%?@?%%f%%@%%%o 1IS carbon atons, pspr ef Ie)r ably
from4 to 12cawprisong agrovs? talfdmatebatoprbefied talsit eastroppanionio l@vingresop

atons, is pol rized,in hase, pbrocess. 0] he .

pressure in ?f}/ % baind fo %tﬁg%gg‘%co%ﬁ?p I/a?tf/)mg’r%I 3 %n%t% Ifgbﬁﬁé?gg%@g
kPa) to aboufo ﬁ%emgﬁm ot 43 oMPaoughrabienktonpi whithendyabge ©f td Cam
about 200 psig (1379 kPa) to about 400 psig (2759 IcPa), .nore
preferably i hydrerarhoargieumy R hefesalom SoRAIDIG S5 Ry STIgem TR, Jirky It
350 psig (24 RGO ' ad1to
phase pr OCESéﬁ)éEIIIDc?I}ISQ 0tr %éa%g%?%f?éﬂgthgt ep %y&r?%@%%%ééggbgfoogoc to
about 120C, pothingr @bk yhyliragem,.abqnous0€ atom atvotaining FRupsrer balpgest of bl y

in the range, of from about 70C to 110C . and referably. i e
range of frohfeBYIE 1188 FhBiR a@%&%effﬂjo%aﬂn%%heegw% rsmlBﬁaSISIEIetI)II']'S ol
processes Coflk&BRmAted chlict dreupaidnasy aftiohdlly berbomnd ooty dropeh udiealsgen) es
or nultistage polynerization processes. Al so gas phase processes
cont enpl at eda B§EIoAM RASIATQSATDY hEr U T £ BB IPEL EITIRIAE BIPUP) S, Pat ent
Nos. 5,627,242, 5,665,818 and 5,677,375, and European pug icati onf
EP-A- 0 794 DO En i 2uotherergpdimanbwheren gpmdugprapsaty b tee mpHimogel
all of which [ 1% ] t :81C

one erbodi moReTEhe Proii kg O BIARICY SHpgKRRLELARE Tue MehElethl
process, par téompdsitionycompgses ahamenaselséted frymphagwup corsistisg of B to Cy

I i zZi I I it t her.
Pl udi ng ot APPERETRaAN arepeRepS oA da R g P Pl T8 Gon

atons. Pol ypm?ﬁa/ bREgs, RAH YWiRFen MRYcohRciosieaRtht Wsbmperathe ¢fagrédtatthar | y
bri dged netal [ ocene catal ysts as described in U S Patent Nos.

5,296, 434 andba 09°6C 2eda pissture @ffaba 0f paigdo ReUE PP P& or por at ed by
reference. Propyl ene based polynmers that are produced in the nethod
of the inventodh Imanotes embadinieat.pbe yisvi g leractesistia ggspense is a first

pol ypropyl en ' ' [ n R RRY ffbfon of

pol ymers i ncﬁﬁggggarrg%d;}ﬂg%?%ghﬁgwIIIII(I)’%EMII% %%%Iw%%poﬁgyrrer s.o_r1180661
One pr ef er r edmeptheecormladgdinn chaaderistic eespbnsehie al seoant catalyst prodfctivited

response of the non-bisamide catalyst system as a function of time, and the




100701 In one enbodi nent, at |east one of the Goup 15 atons are al so
bound to a Goup 15 or 16 atomthrough anot her group which nmay be a
Cl to C20 WOQarsEslsibon group, a heteroat om cont ai ni ng grf§TS287PEEH,
germanium tin, |ead, or phosphorus, wherein the Goup 15 or 16 atom
may al so be bound to nothing or a hydrogen, a Goup 14 atom

cont ai ni ng group, a hal ogen, or a heteroatom containing group, and
wherei n each of the two Goup 15 atons’are al so bound to a cyclic
group and may optionally be bound to hydrogen, a hal ogen, a

het er oat om aredicthy aiging ahdvadterigtio tasponse isantrgedeately s PrasigeialyiEwgngradup.

100711 O her, bi sam dg, cat,al. yst_ co unds e those Goup 5 and 6
nmetal imdo t%wﬁw%@l caag§%§;l¥%si%n @%ﬁ&ﬂ{%ﬂﬂ% 384 and U. S. Patent
No. 5, 851, 945 ich is.inco rate rein by reference. In

i o, by 0 b SERsE Eb BBt he Tk tec urREEus EPopy A tao)
G oup 4 conpayRegardesight fiegibaorddporve GInNe bisemidet catdlyst shdtlem after a
Organonetal lics 1195, 14, 5478-5480, which is herein incorporgt d by

reference. |5m@gRItimcorthe Becond S@ingi dpEtiislc caparsyse % 8FR9BE TpYleayar
descri bed | Ny RGALARY o MBh&or Be RALFilnial COLROr GL@A 2 fRliRinesice.

I n one enbodi nEnt, mul t'i nodal catalyst systém conprises a
"bi sami de" ctithal yrsit the grpdictadl agimgbéharsdtevistichreaponse tis wapredicted pnelgeudari ed

to a powder state, .then conbined wth m.neral oil. ta rry as
descri bed i nwﬂg%.d‘?gé?"g’r?f’ f%‘i?%’&ﬁ%,”é‘?%,‘"%&%ﬂ"’f@ %ﬁb&?%@r%ﬁ%@n%@g{éh by
reference. 100721 In one e di nent, of. the i.nvention, e .Li nmdal
catal yst sysiP%dl ﬁBn‘ﬁ’F‘PB%§mgg‘§F’§5% WheTRin , Prodpct RIARe, %ﬁ]ﬁcafnn&hmoga
non- bi sami de,diahé! i¥ ptedi&t @ig ApRaRRidSANgIMafeleabits theSsh@MinBYs he
any catal yst system conpatible with the bisam de catal yst system 1In
one enbodi nelgest 38,48, aoH0slagani de cat al yst system conprises a

metal | ocene systemor a conventional transition netal catalyst |
system 20 |pemenn, amthenetrhbalémentyof Henimediode dhp dusidaging shpigetenitis
that is described herein as,a. ngt ne. .al | a

conpounds anﬁs%ogf%llilgtﬁrgtyg{egngﬂg gshﬁl%lgn&t gbl%l %\%é%%?%%ly%a%%ﬁ ude
t hose descr i fgetidnnofUinge, thateesid Ming clardtfetisBO Pespdnst 452 8&Bnd mek48deB19,

5,243,001, 5, 239, 022, 5,276,208, 5,296,434, 5,321,106, 5,329, 0
5,304, 614, SECSPPﬁ}*%@iTh% nopBisggle %ﬂ,taas%,%%’}‘ % 85‘2111'}%’6’5, Otg‘,‘@%ﬁ?ﬂéﬁg}*e
predicted aging characteristic response is a predicted melt index response of the

multimodal catalyst system as a function of time.

[0024] In still another embodiment, the product property predicted is a
multimodal polymer melt index, a catalyst residual content, a molecular weight
distribution, a percentage of high molecular weight component, or a percentage of

low molecular weight component.

[0025] In other embodiments, the predicted aging characteristic response is the
productivity response, hydrogen response, comonomer response, or comonomer

response of the multimodal catalyst system.

[0026] In other embodiments, the predicted aging response is the productivity
response, hydrogen response, comonomer response, or comonomer response of

the multimodal catalyst system determined in a batch, gas phase reactor.

(0027} In still other embodiments, the first aging characteristic response and the

second aging characteristic response are determined using an accelerated aging



5, 858, 903, 5, 859,158, 5,900,517, 5,939,503 and 5,962, 718 and PCT
publications WO 93/08221, WD 93/08199, WD 95/07140, WD 98/11144, WD
98/ 41530, WD208/M4929, WO 98/ 46650, WO 99/ 02540 and WO RGVUSEOPTN2EHAY
Eur opean publications EP-A-0 578 838, EP-A-0 638 595, EP-B-0 513 380,
EP- A1-0 816 372, EP-A2-0 839 834, EP-B1-0 632 819, EP-B1-0 739 361,
EP-B1-0 748 821 and EP-B1-0 757 996, all of which are herein fully

i ncor porated by reference. 100741 I n ofle enbodi ment, netall ocene
catal ysts conmpounds useful in the invention include netallocene,
conpounds demethpdedln fiurthen embadimsnts, thecaccplgimtedc aging imepmdo ppeg 08 2h WO

09/ 20637 and & B2 el Rl bni7 0 P00c er 5 08, 438,

5,198, 401, 5 ,A40..and .5, 26 05 .and Eur opean publicati. - A- 0
220 436, al 110Gl i N P SR Eeipor 7 yndeL O B el aing O il ripetse
100751 I n atof @eShul@med4lrqandyseEitah e adveldpbe bt anl feamsionaiofilayfirst | S
a conpound represented by the fornmula CPm MRn Xq, wherein "Cp" refers

to either a el dgsenetiiceend orderdgcaynhni ch may be substituted or
unsubstituted, or a cyclopentadienyl ring derivative, such as an
i ndenyl ri ngl003ghi Ehe airespt Wgntige alsqipsevidasaanetbed efreonballing iccaging ¢f 4

speci fic enbgodj t t 3 : ; unj I

pol yet hyl ene%ﬂiﬁﬁ%ies&?a \}\%E‘? c%d’@%g%eagll%g%ﬁgor%ﬁégh He?l);al%l ;H Sgﬁgg system

met al | ocene é@nprizirgr 4 édamaleharabysn systena atid b sondiisapedet cedialpstsystem; and

nmet al | ocene” or a /"bisCp tall ocene. " Pref.erabl t he tal |l ocene
used to for nﬁrWBO‘@PgttE‘é "Bgﬁ%i‘?@%aﬁﬁa@%@% SYSAOTY IBraePﬁg%q )‘/’eﬁsﬁz vﬁ)éfeéﬁl cene
used to formyept ves] §PRER 0h BRKS)ed! BRperaRFOBdiROINME LBt ONEC. In

descri bed herein (e.g., one of the two polyethylenes in a
2- pol yet hyl emetlizr embodiowept dietiontahle vesselt inbems rat arperdrotipd temparaéize ohlgst

f bly t | i,gands, d_i h b d d "bi s-
hetall ocene. an abopt ho Fobritm it prerSrahil G NBndBoTine et at | ocene i b
bstituted bi | t endj epyl 21. f bl t h. i
R L i e R
bi s(1, 3- met hyshid! eeagiioparhtdionipyikds 2l Gesupl B elntdihiag | EletaDreatalyst

di fluoride. 100761 O her exanples of netallocenes are 1dentified in 1
& 2 Met al | oceerera@adedlrpstil ginethen smpbodimensaierein the wultikaedah sriplyshds |
John Wl ey )0Q) - [ [ L m
Rev. 243- z9‘2‘“?%8@63"*3%n?’ﬂgﬁé’r“ﬁ@cﬁaﬁ g#{%fgggﬁ’étﬁiﬁsf%%%gg%g%ﬁ S
t he synt hesi systdm.pol yet hyl ene in 1 Metal |l oceneBased Pol yol efi ns
261-377 (2000). The netal |l ocene catal yst conpounds descri bed herein

i ncl ude " hal foomanbvatitithothederibodirhers avhelwircthe nodtirpadah csalfstvi mapsportedor

nore Cp |igands cl opent adi enyl and |igands.isolobal to

cycl opent adi ﬂﬁ)ﬂo§‘%§9ﬁﬁ W?Ef SYSERL FOTYE® %Bllgcqlgc%?lgﬂayﬁgnh@%\ne
atom and ongisahideDEalyseaVhiBE ek RetdNdathsit Bngduntl @RSIprieng a
nmetal atom Hereinafter, these conpounds will be referred to as

"met al | ocenegroupr3 tonkd metab atone berndalpya deasbpisorfienis leaving oyt st ene
descri bed herein J.S . i in a
par 1 cul ar  onpss oS FeSL RUEBlolip T4RARL 36 108, rudPRth i BLF bl o
support ed wi ghuprSwr i fietom throagh enotbatgadupsyhiclompp hea ) talOH hydrogirkorCp

| i gands are one or,nore rings.ar ring systen(s)..at .|eas rtion
of whi ch i ncPiR#Bs? ‘7Et?f88ﬁqa’e6°q’§%}%‘f‘%ﬁ&",‘l%sﬂﬁ‘%?“a?‘@%i“&&“l?age?@r@\o?‘%&&nds
and het erocyg} h GaldgH, QBERH thd RROubi 1B IF a8fm ah @lss e betidh Hotncal d ¥
conprise atons seleéected fromthe group consisting of Goups 13 to 16

atons, and mbydogay t3 U 11§, atpHe CORtERBE t HAP:naKAIeEsNL RE 2CheteTogiRfYs
Pl cheIt
ﬁir '?r g(i:]gn,er a L:éfnt%ﬁingi(\g}r@%é%rg%%r%ﬁ eg&f)ﬂﬁrﬂh@ or%rﬁﬁsﬂ P aBfns GRT QY bound to a

oxygen, ur, phosp , germani um boron and
al umi num and cydivigroumt and msaytdpepsaily, bevandiorhydgbn i hatoiges atsteatdregst

50%of the ring MRIRS Sout t2) HHSatbR chhiiid bbop. 1HG ftndrHRidGnThe 21 €



23 or al kylated reaction products of the described di halide conpl exes
that can be activated to a cationic state by the activators of this

i nvent i on YE3I648/0pd2 bel ow. 100801 Al so, one or nore speRETIRR007/023749
enbodi ments of the conpositions described herein include a mnultinodal
catal yst system conprising HN3, bis(2-
(trimethyl phenyl am do) et hyl )am ne zirconi um di benzyl (for a high

mol ecul ar wei ght conponent) and P-netafl ocene catal yst bi s(n-propyl
Cp) zirconiumdichloride (for a | ow nol ecul ar wei ght conponent).
100811 Al so dfrib¢ emdbeflimentrimmediatedye prsceshing thestontipked: thmperatgrg wiless thias ed

pubi T cat i onsi ol Sar20 for SR BTRIANR ShRECIRER o R g 57,

Comm, pp. 849-85 199 |1 .0of which are herei.n incorporated. by
Cofor ence. 10080 AT & sp ob BB AR OIS 96 BB CTAIE ¢ he
net al | ocene watAlNSbaal QfatdljAe sy iie WlcRin aiRs giulthesiadheuRst §elender thaei r
structural or optical or enantioneric isoners (neso and racem c

i somers, forcaalgiphsenes pamtaipyd gh@ sentrode@semperature hdpr #oleatt e
herein by re de dFeathdt” &S visBar GOfmdiARR3H CRAYEY/5ERAmay b
transition rrée%%ﬂgg%th%s%cg&%{#éé iﬂf\‘cf)sse traol?t ?ona%{ %’?e%?gﬁl- Nat aay ©

cat al yst's anapitRled Imhilpsn thg genteineoorivessek at al yst wel | known in the art.
Exanpl es of conventional transition netal catalysts are discussed in
U. S. Patent pms} Anctidr cadBdinknOdf71heGdvedtidiBproRiés a 4nhitodl, @Gfp]ymerizing
4,721,763, 4,879, 359 and 4, 960, (41 al | fQf whi ch are he[ei %ﬁ( ultlg’

i ncor por at edP1BinSy dHEhes ROBPTIFING 16 St § oﬁ&lwat‘"%meiiﬁ’ﬂtm cXav s yst
conpounds t zP%ﬁebgt KRS thel AultitRIR BBGAE sysRYERT thO BoritR8kd enperature;
transition @tsa'3 cprrpgungs f[‘L(l)nl1 Groups%I@I Iyto VI, pref erabﬁ.y VB to
VI B of the Pexibdiggatineghe moftirRrdatreatalyst sygosbefoge rontacging dhe multimodal
conventional _transition.unetal | yst conpounds and cat al yst systens
suitable for® %%Stfwrt%‘e”“g?‘é%“e’%’f" |e?'1"venti on are disclosed in U S.

publ | shed AU grpgtst smos g s Ao st [ € 3Ry prer

herein i ncorw%hgdleb,yumﬂﬁmemgst s48e8b1 Ot her catal ysts may include
cationic catal ysts such as Al Cl13, vanadi um constrai ned-geonetry

catal ysts, cpRa|tin ANMst drRentbatimhensithe maltimdial Ogalyuelsystidon eydpitated tfhre
art. 24 [00861 In one enbodi ment of the invention, the nultinodal
cat al yst systtdepstahept 24miry spray dried catal yst nmixture, wherein the
spray dried catal yst conpound conprises a_ bisam de catal yst conpound,
a net al | ocen@93sat fal af deastconppeabndiment, the mujiamedal caplystzsyptem 1§ (armed to
solvent. In ref err.ed. i .fu i i 1

nmet hyl al um)%a%%&aaﬁamt eﬁngs)eg%gg(% ral{ra.‘"éog Eﬁgd?ﬁlglﬂogglp%%arlfégg@ %%egrtﬁﬂ‘f/lw e

al unoxane. 1f0Rcerl N anot her enbodi ment, the catal yst conpounds

and/ or the activators are preferably conbined with a support materi al
such as a pajfobi7§ ulnabe Idaktl by offiet eniballinend theemulsiprodyl datiled, system is

preferably to forma free flow ng powder, ray,.dryin be by any
means known PATRYO gf least apqut HFCAbeforg agitasigg %%1@316?@@&1&3?@%%/3%?’-
5,674,795 and U. S,_ Patent No. 5,672,669 and U.S. Patent Application
Serial No. 08p3p4Othen featpiey ad catypripecseof Hlwg gresei @Herﬁ'aﬁtwﬁmbaﬂngﬁ
describe spray,fhyifigh Qhe %Hﬁ&%%e&zﬁaaaeﬁéipl%on.lo@l%%uﬁprbeyu@&%tdaa,

met hods and conpositions particul ar useful. to the current invention
are al so deshowded that the &taiRdtdestrip6pib %] BiE Speoifid etamipéesi whids ndicatingd

herein by referenge. ,In.gener one nay spray dry the.c | yst y
pl aci ng t he Brzfie e@é’f“"@@k?%%’fﬁnafaﬁﬁd“ﬁ{%‘%pﬁ cgﬁ%ﬁndba?%:/%vﬁé)tf 56&5(%%%@“0 IEJ[? ion
(al I owi ng t hgneatalinat cleapRowmdl nasiihiadbnsy akthin te EEAcand istombest ted) ,
adding a filler materjial such as silica or_ funed siligra, ucg aﬁ
Gasi | TM or CameRiian Wil beepsee pRRarsihdo ithesestilindi Bnthstarhitigm fh*% giateds

t hrough a noggslcgptic[nQOSQ] In sone spray dried catalyst m xtures, two



100951 In one preferred enbodi ment, the spray dried catalyst m xture
conprises: about 1 to about 3 wt % of the bisam de catal yst conpound
and t he neVaI2PBOE¥E2 conpound conbi ned; about 30 to aboltCTHEE2M7IRHAY
the activator; about 50 to about 70 wt% of the silica filler; and
about 2 to about 4 wm % of the residual solvent. 100961 In one

enbodi ment, the nultinodal catalyst system conprises the spray dried
m xture di scI osed above dispersed in a%iquid to forma slurried
catal yst m xture. This slurried catalyst mxture is then fed into the
pol yneri zation reactor. WBE@W@&\%@H@HE RBAWEFY conprises an
oil and a hydrocarbon, wherein the hydrocarbon is a C6 or higher

al pha ol efi I r a 10
to 40 wei gh?w%-gger& H)'i“ g-% I‘ﬁ%ﬁ@?‘?ﬁéﬁg‘;shgr‘ﬁ% aet}éla 9‘2‘%“ Er}lwitgure
and pr ef er abingludéd tmﬁﬁ&emﬂexghﬁstx%esqmmm ehpeas offithd preeent nnvdeomI ukhei ed
catal yst m xture. 1009‘17217 angtbherf enbodi nent fﬁ ed

cat al yat i XPUFEOR SRS e e ARAETOBE oF S TaBth (o P00 Ak BIOET oA 1M B

| ess than ab@Wondfhatbiovath theeaicfafic® dedttigh@ ofbhRbiic Wrnifodimenkdp@tdntdd
further embodi nents, the C6 or higher alpha olefinis preferably
hexane, and k#¢8: pr ef erably a high-purity isoparaffinic solvent, such
t hose avail abl e from ExxonMobi | Chem cal as_ |sopar TM Fl ui ds, haV| ng

an ASTM D 86[088] Ilflﬁ‘gedo‘ﬁ Bteraichevwasdne clwee eq %@afedpﬁm"&v Qvef HEWar k
of ExxonMobi | (QrR0r &t éowd%gwgﬁq]y gpah Dl(agj Laent of the

i nvention provides a nmer | ns conpri sing steps
of : providin I t r

cat al yat syPefl e TSR ol By ca%‘ﬁ%ﬁg%%ﬁ{yf%tﬂﬁn‘%u@%%@?. Pef R o

mul ti nodal cauhinysial satslyﬂrpcaz&deaand)latmmlhmedalt eatgyst atumryestored raf avatiousg
the nul ti nodal catal yst system a nono sel ected ..fromthe group
consi sti ng otfem@?af"ée%ﬁ“da?tﬁr?&“%‘? tﬁgpqreﬁurg %VH@F?QQ‘H gpn. process and
produci ng a nul ti nodal_.polyner, In th enbodi rire : %S ’La?

catal yst sysWO#H dompeised srpbuppuing theghange p pigleqn aéﬁ‘i?l t gisg a“%of
cont ai ni ng_ medihe,CAlbahoa ushP Hiinodal €argRr fid Aind unCbabiuEl iyt em
conprises a cene cat Iyst conpound; the contacting step is
conduct ed atmathnénperature of greater than about 60C and a pressure
of from about 200 psig to about 400 psig; the nultinodal catalyst is
stored for afood3paRigudc maygaph showingnthe oddlepdlar evefabt distributiprs of pgd¥methan
about 1C; and ed cat al roduct i vity |s a e )0 of
a fresh cat aP’fg Ceaqﬁlﬂ?c? Al '90 aﬁ)ﬁatgﬁgt ﬁ%redea mh Cﬁt%mﬁ%g%é of e

cat al yst pr oghyfdnt ivedtions at | east about 85% of a fresh cat aI yst
productivity, and preferably at |east about 90% of a fresh catal yst
productivity. In an alternate enbodinent, the controlled tenperature
is less than about - 9METANSTIDBESEREPNION OBMHBOINVENTION ent i on
provides a nethod of polynerizing ol efins conprising steps of:

providing a [pl4 i TRIRVeRRhProrsdes AUBRET SIPBD ez c&efhis%ﬁﬂipdﬁngabﬁd yst
system and a non-bi sam de_ catal yst systeny storing the rruﬁ)iay i nodal

catal yst syseEreyiding eewitimndabental byrplsion; GF%mgél’(‘ﬁﬂ‘&]@f‘I"H@' ceRbyst system

mul ti nodal pxg)%:g{ g

consi sting o?tt %ﬂf‘%"%ﬁ%ﬁ‘gﬁ %]’e?%f]ns I'h a po 1t€l¥r§gr§?§%§1|9%pn§yg§glc{evg§pd and
produci ng a mwhémemskiéctqabfipme the gmup fvossigimigoel Qerio : C4t hlehébwkém de a
catal yst syst mco%n ses a su%@ sl actiyv at or 8 an on
cont ai ni ng” mBYEAMCRAAR y B LB npBlind” d[“ﬁlélgannb impga epo g\'tngri yst' sys
conpri ses a gmbadimesethe nadimbys tatslonRestad ,combﬂse@erbisemﬁdemgtawsegrsrem
conducted at a tenperature of greater_than about 60C ﬁ‘glca@%ressure

of from aboutndpgosisgmidg catslist svatson ply apothenempedinERfy SINER i s
stored for s Joﬂﬁ?{gﬁ d@aeemrﬁé}%eﬁaea Fidtl 1R ploRPREAHE 8f L5 td €58phdran

about 1C, an ecu ar weight fractron of an aged catal yst
pol ymer pr odalséus amd amemmercseim@dsﬁ@p thes grgup [cersitting yd £+ 1850 @pha he

olefins in the polymerization process.




RAREzRLYR LmxntmR2Z | iot5 wherein Mis a Goup 4, 5 or 6
metal ; each X is independently an anionic |eaving group; n is the

oxi dati on WOB/6¢S1M mis the formal charge of the |i JEINELHMTIZIEY ng
Y, Zand L; Yis a Goup 15 atom Zis a Goup 15 atom L is a Goup
15 atom Rl and R2 are independently a Cl1 to C20 hydrocarbon group,
or a 29 heteroatom containing group wherein the heteroatomis
silicon, germanium tin, |ead, or phosHhorus; optionally, R and R2
are interconnected to each other; 12.3 is absent, a hydrogen, a group
14 at om cont 0431 ndys ysesukerein, featadgepgingt refer dp tho ahenemeaen aihnrengthe

group; R4 and R5 d I

substituted F@ﬂnsegrcgudﬁgggtg@gtcﬁg%h%ﬂ%%e%ﬁup& n‘éh'g) St@% @L%“éd (:lgll([:I Fhlec

al kyl group, cabalyss nfiitdluiré ili storet] nfite s yahefttuen dTiGe @hghghb? imcaalyst system

i ndependent |y absent an al kyl group, a hal.ogen, .,

het er oat om '&SWH?SO@’SrrB@‘FCWj{ §“ faet that, shity %%%5 n}%ﬁ’ﬁ ‘B&?fﬁ‘ﬁ
Predi cting Mékﬁdn@&%en%ﬁﬁ%ﬁéﬁtto @%ﬁ@&ﬂ@@ pol}@l@pﬁjth%c%\ﬁ&'%ﬁgﬁte?thet he
current invention lies inthe a to mnimze the change in

pol yner i zat i catelystspstuseischored éormJIbar:Odrmﬁ aimecaften [thescatalyst i empnuiidtingd.

anot her lies |nthea it e rti.es. of p [ duced
w th aged caf%fl Vsafn 3% 6%19@1 E’f%d?%é’ﬁ&?? gﬁalyﬁven?qrgnlgay ’pBO\({}l} des
a method of peleyirer wWeighg ddnethitios dfothprpptise Erodackd inayd ahange|afee theby
providing a nul tinpdal catalyst system .conprising .a bisam de cat al yst

system and acatdvst BHSHR laétoeeaitfa'r wnogmlm Thirds E%‘HP‘&E&W Heptlgrgme for
mul ti modal  caf Ry éa\fﬁ%:ﬁ' rﬂ@ o éJaHx{i&?e o Sfbirﬁoc&i)%%kttdy&@m' A hikh
poI ynerl zation process roduce a tl nodal po yne vvhere In a
product propolegulaf weight (VW npalminepeinypopent; is ppcr@dﬁtct:frem fuﬁrsngafalyst

Cyetom 10107 PRENGRE Brenc SePRoPaRRTLRtv) PEvY! [orlRiR s ThEME o,

char act eri st frémr £ 54qe0Ms atblysicoontpoasta lundéretht Reme adagtigt tcmiﬁtim Overall
performance of the multinodal catalyst system gﬂﬁﬁartl C nt er est

i s the respoPROBuGHity H%drr‘r‘(ﬂ"thyn‘ﬁﬁﬁalwﬂ‘@f’%q%gﬁtwé%t ’i“H cylar
polymer withyg; pamsmaﬁhaﬁ 19rd%%¥ne@r®pﬁ'|'et%é?fvet SR RRD LR tﬁésetd%
mul ti nodal cat& yst systemto a parti'cul ar polynerization paraneter.
As used her ecmnpdhamSpoEbus, wheheaging cafﬁette tQmamdtfctlaw,eltwé&or affersh éhe of

a catalyst s at a set ri con

per f or mance %‘PLEBP W'B'ﬁ Bu 45 asoplef}ﬁ l?&nﬁ‘ &%ﬂy aﬁ‘? e spfit 2
paramet er or (eReyiEARE thIaMW And DMV} areaﬁectécni;oa?glngThmpnamunﬁecwffwmﬂ y
nmay be any polyrrer propert and | s preferacgly anp rod t property or

pol yner i zat i Bifdpst dpeps Sef %@%t“é’&’ bpultimodalapolyfer 360‘1‘?6 ef‘?"brf”‘*@ﬁé‘
product propggilyeiTBym Q:?ﬁl a SRLRUNSholOflae Weight BisBlD4Sbn, @ SHhick?
nmul ti nodal 200810 51 CT/U5200/1023749 30 pol'ymer nelt index,
density, nel tenhlipwndestoed ambawemgjtharbrmssjmeﬁmtlgti etsons @rihe @exﬁ@mm age
of high rmle ul ar. t co ar
wei ght conpo aevﬁtgwe&r h%ﬁ ecn%a’? Pin Eﬁ%éﬁ R a%ﬁéérag%r}ggugérl ﬁ W?@hgﬁw

pol yneri zati an appzreedmtieémmmbﬁ tahﬁuﬁ:t&h@tla}/sﬁolymmdmaylhavbyat leydr mgen
concentration, nononer, co&%ﬁnt rati on, onmonQner concent rahl on,

activator coROBRIIALreight et Pz 5¥3YHSt B & tQPWOSIEPn Jijt Bicindes
process par apgl&efinsl GA@9 Lt TE446 xwasndemme hRildtulat NReiphte diseiRbo@0iNg
characteristic response refers to the quantifiable performance the
aged (post stansisigeyl tonbd vi‘mudtimodelt pell ymer, asytbatdemmais usedbsrein. Seaferably,

pol yneri zat i n i

function of gt% 1% thvﬁgtﬁ ff(f)e(r%ém 2‘302%591[69 i t}%y}ﬁ) %@éracgﬁgnm%gén%‘??? %ns
For exanpl e, hid&eilﬁﬁérexdlle\tee;bf&gmngomdsrahm&mnst| C response nay be a
catal yst response as a function of storage tine, tenperature, or
conbi nati on {oogs eTlhe teph “Anithadag® ak Mseal naélalty&tescrrmemopaanasozapdiymrti on

of storage tine, erature, or conbi na t her.eof The cat al
g composEtiecgp means any polymer, e.g., po tlyet}gylene that is not rnufairnodgl as

defined above, e.g., one having a single molecular weight distribution.



101101 In order to quantify the effect of catalyst aging on the
mul ti nodal catalyst system tests may be conducted on each catal yst
conponent WO 2008{06¢532 ne t he pol yneri zati on response of tHEIIUSSHTARI74
conponent over tinme. These tests can take a very long tine due to

sl ow changes over time of catal yst response. Thus, in one enbodi nent
of the invention, the predicted aging characteristic response is
determ ned using an accel erated aging Fet hod. As used herein, an
"accel erated aging nethod" refers to a nmethod wherein the tests to
quantify t he[mpm yiterterpet 'noiti meslploratady s systea'cel "andt:m@ﬂabyatsivsﬂ ahusethe

test cataly | evaijed . te eraturebfor t etet cat al IS
eval uat ed. ‘Sll}?ﬁ %?Fi%ée% %3t @’&@b?%ﬁpmgh &eaégm?aéeg% cHrgp%qegﬁs of
producing a §y§t‘éfns%‘&¥:@|cé‘l§l§(st RhpbRsabE yystanBiphsle l&gp@dﬁttlﬂgh@o@aieab)ﬂﬁt
conponent system storing the test catalyst at an el evate

t enper at ur e, differeptrrefuat REPPEFiEst Wek ap dpneirale, mﬁecglﬂaméahﬁ Hatft‘waw
pol yneri zati h Y, he I r 1
response of %Enecfntg @E{) 'a?;sgrtl a “&ﬁsﬁ o &%e&?%%tpaé gper{p IFNB R *ef ikl
2008/ 060512%&&%2@% D2 3im4Rded o mctbmhtarb)mctabltcaiaga‘s)tst agwnele bs & mudtiple-

portion of t st .catal,y hat is e lua

pr oduced. 10??%&5?‘7’#?“&(%& ‘5‘&‘{"38“%‘%‘1%% use s\?eé-‘f’ ﬁ{af I Jﬁ@s at
bi sam de andienpnwbi gisfeiede caalyl yshpowid, eaash smagad @ifferenanfketilhgroup.
mul ti modal catalyst systemitself The accel erated agi hg net hod

i ncl udes t hePrefeaibly, sreh diffsiantipaia)yst comPewnd wedescen aFpse SBERO&%PMW‘@
producing a {f ﬁ?pthgadtugi é!ﬁ&nﬁ%iﬂ‘?a@ali&ﬁ?h%gpp%&@& 'dﬂﬂ (Srhﬁmt:ﬁﬁk &ai’atl}é’sk yst
at an elevated tenperature to e aged catal yst; producing a

aged cat al ysHowa}ey,nasr used rhgtedn, theafsmr inniintiodal fntaimdsovbm@dlbﬁn@wh a

cat al yst sa | e durin ol zatio an alutln t he
properties Y EHC AT BB%;’;‘%EFP/%}%I e %‘nhgleeﬁaga\%eﬁs‘t gr 2 ucrogg‘ftg
preferably aéw@n tpARiclés JMEP hndtkd eatadidt adtiedh atr@maewmemnaa \Ahenm)ohhe
commerci al catalyst may be stored, and bel ow a deacti vat.i on

t enper at ur e BAtelpe Paefsrablyy in thatolaereinsanrendht WP HUPRATIS] AfaRlysts are
temperature j5,3004t A0 GRafk2 @bt teﬁﬁé?ahh‘}{ﬁlaﬂeoulélpeoﬁ|s@¥&hﬁﬂ]y, and
tenperature I's about 50 to80C, alternatively, the el evated

tenperature pelymbdaatiosls tondiOed laltbemmcnoeeofythe tduwal et bieatdlc catalyst

b 0 I
E :ggg; :E ﬂ{ S ]Iv, 3 eﬁbggé tl%,st»\%o coglggionﬁ ﬁggu J Q&ﬁ%l&/%? X ¢ Ezggl &E ?%/%n%das

el evat ed t enp@cdAbedr godve rﬁéyco ﬂldihaﬂjﬂ&oﬁﬁbpdﬂhﬂfﬁ(ﬁmp@eﬁﬂsrﬂlt:h taesintmﬂd)ra,l yst
conprising the bisam de cata Et conponent is gr ogﬁg%) st or edé lf?md
tested, and eomigpighaddidwes, etat dihg satayshgypieas Ry desee dyF dugy; hike the
catal yst COmpanentqifsereRl ABHESH. s§ﬁa@'b?91ffe?éﬁ@h?§r§l§eﬂld5{§@§drﬁet@differ%ﬁ)t1121
I n one enbodi nen the 1T nvention, the accelerated agi ng nmet hod uses
H gh Thr oughbatszgto,uperl zation Testing (HTPT) unit conprising a

Paral | el Polynerization Reactor (PPR), a high tenperature rapid GPC
station, a Spoespr Wikoutapeihddouad td/as Upaglivestr tByaay.eit) isabadicwad at dheat ed

FT-1 R Anal S ferred HTPT u
Di scovep 36/1 ¥3i§qssgo’}5$tﬂt8‘e\93ﬁ3p 5 Ve © AT HBIg< %Ig%{ﬁe%ﬁ %gn ll%!at‘fon feQiThsdy MY X

di scussed i Nofhapioup bhpirhis@f tRAAGLGLHGREM g bPeHanpe bldraitd Avarying
W1999064160, W2001098371, and WO 2000009255, all of. which are

i ncor por at edrdsr di hasdgen diseqvarsddhat fhpiratyof (s ghange AYB dimfews depprdent
met hod ftirt e, DidQy ega%?refa‘?rwhigﬁttkﬁr EAN AR thr'é@t B @Ehnge in catalyst
characteristic resp nse of the bisam de cat al yst sg{stem determ'ni ng
a second agi mgptm‘rsanaparspmlsttly trondegpmesior nhidtimeda! sitelyal wystemat espyaelly

system andcnbnln th ISt e t he
Stcond agi ng HDI20a BRBel Sk B8 #7050 By hE RS EARA
response to pgtgxgigtc eoipénept. edifc ttixdl padynngizatar aeatpenses bf cthe esyro ru:stalwlf

the mul ti nodal catal yst systgr& at the given ner.i.zation con cfon
components change af a different rate, then the pr. pe 1es of the polymer pro uce

at the same reactor conditions will change with the age of the catalyst.



10119) One class of enbodiments nmay al so provide a container or

vessel conprising the nmultinodal catal yst systemor the catalyst
system wh¥Papi§/0685é2 nul t i nodal catal yst system or the FSGTAS2EY702374% em
is maintained at a controlled WD 2008/ 060512PCT/ US2007/ 023749 34
tenperature. In at | east one enbodi nent, the container or vessel may
be agitated while in the container or vessel. 101201 For the sake of
brevity, only certain ranges are expliBitly disclosed herein.

However, ranges fromany lower limt may be conmbi ned with any upper
linmit to reci0odl aWithowebeirat bag| th cing | particabar tthegry, db isvelbe believes thiges

f | |.i.m b ined wi,th il
oo o s rangEHet BeRY sPEpg Pee ou etnfR o el 'E bontBabidel
any upper | i gitdlysteympeheaO MhiNea baistdh Bitlie diaRRatic tipEE ovar titide ih catalgst t e

a range not explicitly recited. Additionally, within a range includes
every poi nt BPIYGHNItY %8 AolXmasTization reheiei (62 EXRMpIET RECWA AR CHBINEH
not explicit el t T i RV ol [JaTs IREVA I I

serve as i tsééél\t/\a{%ﬁfi%v\ogl?y gr Bﬁ%gled‘r; F#%d'rﬁ? %@%?%%HIB% lﬁﬁgﬁyw%iﬁhgrgregg?ﬁnt
or indi vi duatlexatddu deroperatnges.ot Hemvenselgr aorcalypercohiaining a @on-disamnédea

range not explicitly necjted. 101211 Al priority d n I e.
herein full ypqn}Pé’BFIBo?’g‘febé db’i?“?*é?%? ecﬁénegef 8€eratllqlejlﬁrc|a%c?#ctl b’nse%lzﬁmv%i ch
such i ncor pofegioned) Thusp @heh airksltimbdal teatalydesyeehesdmaiseda disamidesmie i s
consistent wth the description of the present invention. Further,

al | document Rorapiearpide Spmpersit.cthe RhmRsTigRtipn espINSgIiohdhe £¥¢ jcpgponents
procedur es, H{éﬁéé ?@té OfiffercRALSAL S THIOWiffdbn@r i Gr&ser AL GighBf Gtdifgeei N
fully incorporated by re?erence for all jurisdicCtions in which such

i ncor por at i otemipgrapeesyi Bacawbe dlmdmoloculirevaightaesponsgaind grasisribdiyrad thestwo

consistent wth the desceiption of th resent. invention, 101229 |t
is to be und&HBE S?szﬁ{f%ﬁ?tloé’eli %e’iancggﬁfﬁc{wﬂhg@g%é’ghn&é§S rrfo) u@ﬁ‘}?tn
conj uncti on inetshmt Rendifi@sl fTie chabgdinnesdonsd feperdf on hdve 16rpr the oatalyst
description is intended to illustrate and not limt the scope of the
i nvention. Csem igsteesdiand thedgmperapesataichibiistaredt i ons wil | be
apparent to those skilled in the art to which the invention pertains.
[0123) Ther ek, Iftthe Fdymesizatien esepppicesl ar@tglyft Peemnissynpredigtable,
provi de t hos i i 3 i : i e
descri ption %Faﬁ%a\l/{}lt t%@la]#gﬁ%%gnog E?gé %%éagg%fpgghﬁggcegfﬁﬁ hé;%y%\%g?%r? ,
and are not c¢atdlgstded (4souded hierein,he “satadypst rad” tshthe pahod bf time 4 pargetlar s

regard as their .i nvefnti n. . gtootﬁ/ 060512PCT/ US2007/ 9237 9 35 "
EXAWPLES 10193ARS] GnEAaft eleh 280 6 ASRBEE STIETL BT oL BRI s
bel ow, the tg§honsetat ¥edudtdd dndjtREieaeliontoAdiloatiofiNes® dofpbnsagadthiy

hel d at 65C, 225 psig total s§stem pressure, 200 psi. ethyl ene

pressure, 0.DPOyessEICPested if@ pately they 1s neigr ppeldsr is 439 19 B ractingy
(continuous) Y PlHefAbieOPody! ivitP Yads SHAO AL SiRYicakiyen 10
runs using dfypsréﬂca?%ﬁggﬁgk’s (t)ésr ng%l grgg{él%tvo?bea f)el ow 10% and cf orygl?he
triplicate dbdtchesdt ¢ unhsabbt aBylatodingéhvd eatalpst at arcgeigolieddempergidse, gheg. 2

% The responses of the.catal yst. tens. i n_Exanpl l1to,5 r.
determi ned | FAVHRERReds SomuetioplR. Fn Sime SRl e Blas
reported in bpheofgpeimhdenBeabel 0w angyst3d rhrovprediciedle,y Rissi@Sf-grades iy ed
according to ASTM D-1238, at 432 psi and 190C. 101251 In the

experi nents BeHused ahibe deginaing REf gHelYHi'¢t ri buti on (MAD) was
characterized using Size-Exclusion Chronat ography (SEC). Ml ecul ar
wei ght , i ncl 98FThgAhwisemhthemsimr saged nesfabistil agfesieiogat calalygt, dha@ particular

nunber - aver a l%(SeH? EGUl ?ffu]t‘ﬂﬁ%c%g%)ﬂgl%}asgstmf ﬁagﬁﬁ%g}a&g‘]@d WSleR8d 8f fiingh

Tenperature Si clusion mat ogr npl es ‘were prepar ed
as follows: #pkaly fof msenthke 5 daydi ptdratdyl fomme® thhn @bout, 302dayanuhoze

Trichl b 160 d LUS. ' h ' ,
ampl o 15 pl BOETh C el BRSO ey 5 e et BT g o,

about 100 days.



101271 Thenon- bi sam dewasanet al | ocenecat al yst,

pent anet hyl cycl opent adi enyl (n-propyl cycl opentadi enyl) Zrd 2 as shown
bel ow. 10¥922408PH1xact i vat or was net hyl al unoxane. The JSHIFZNGT0BIT4Df
the spray dried catalyst was: Zr (0.045 mmol /g of catalyst), A (5.7
mmol /g of catalyst), residual toluene (3.7 wt%, and CaboSil TS610
filler (balance of catalyst). The dry powder catal yst was stored in
Hoke bonbs kept at 40, 60 and 75C. Thel4results are given in Table 1
bel ow and Figure 1 herein. As seen in the figures, tenperature

accel er at es @gR2hgAconed dercail Yfresht cablgst predugtivdgiictefars tty theccaalysls by

70% in a day; 7{%.at 6 and. no, dr t 40C .ln.a k..t he, decrease in
or oduct vi 1 yredisghine AAgT EERe T daryne? MRSk R ERARY
2008/ 060512 Py kiehdS3n7 (b2 € 4@e Scatal | sabstantialgi dhgngdeisyafiblayie catalyst is
Productivity gig Storage at 75C Productivity gi g{ Storage at 60C,
Product i vi t ymanufactured. An “aged catalyst productivity” refersto the catalyst productivity
of the multimodal catalyst system when it is fed to the polymerization system after
the catalyst has been stored for a period of time, typically for more than 5 days,
preferably for more than about 30 days, more preferably for more than about 60
days, and even more preferably for more than about 100 days. In one embodiment
of the invention, aged catalyst productivity is at least about 75% of the fresh
catalyst productivity, and preferably greater than about 85% of the fresh catalyst
productivity, and even more preferably greater than about 90% of the fresh

catalyst productivity.

[0053] As used herein, “at a controlled temperature” refers to maintaining the
temperature within given range taking into account the temperature at times may
exceed either end of the range so long as the nature of the chemical or
composition that is being controlled at a given temperature or temperature range is
not materially altered or effected.. In a class of embodiments, the temperature is
maintained within 30°C (+/- of a given temperature); alternatively, within 20°C
(+/- of a given temperature); alternatively, within 10°C (+/- of a given
temperature); alternatively, within 5°C (+/- of a given temperature); and

alternatively, within 2°C (+/- of a given temperature).

[0054] A change in the molecular weight distribution of the polymer can be
characterized by measuring the high molecular weight and low molecular weight
fractions of a “fresh catalyst polymer” (polymer produced using a multimodal
catalyst system before the catalyst substantially changes) and comparing that to
the high molecular weight and low molecular weight fractions of an *aged catalyst
polymer” (polymer produced using a multimodal catalyst that has been stored for
a period of time). In one embodiment of the invention, a high molecular weight
fraction of an aged catalyst polymer produced in the contacting step is at least
about 85% of the high molecular weight fraction of a fresh catalyst polymer. In

another embodiment, the high molecular weight fraction of the aged catalyst



g/g Storage at 40C % Drop in Productivity At 75 C % Drop in
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polymer is at least about 90% of the high molecular weight fraction of a fresh

catalyst polymer.

[0055] In accordance with the current invention, the multimodal catalyst system is
stored at a controlled temperature to prevent the catalyst from "aging.” In one
embodiment, the catalyst system is stored as a controlled temperature of less than
about 21°C, preferably less than about 1°C, and even more preferably less than
about -9°C.

[00s6] The length of time a multimodal catalyst system is typically stored can
vary depending on production schedules, manufacturing locations, shipping times,
and other factors. The storage time can be a matter of a few days, or several
months. For the purposes of this specification, the catalyst is considered to be in
storage from the time it is manufactured to the time it is injected into the
polymerization system, including the time it is being transported, or held in a
vessel of any kind. Thus, the .period of time during which the catalyst mixture is
stored is that time from the date of manufacture to the date the catalyst is injected
into the polymerization system. In one embodiment, the multimodal catalyst
system is stored for at least 30 days, preferably for at least 60 days, and even more

preferably at least 100 days.

(0057} The controlled temperature storage of the catalyst system may be by any
means known to one of skill in the art. For example, the catalyst system may be
stored in a jacketed storage vessel, wherein the temperature of catalyst system is
monitored and controlled. In another example, the catalyst system is placed in a
storage vessel or cylinder and the storage vessel or cylinder is placed in a
temperature controlled environment, such as a refrigerated locker, refrigerated

truck, or refrigerated transportation compartment.

Polymerization Processes

[0058] Embodiments of the invention described herein are suitable for use in any
polymerization process that facilitates the contacting of the catalyst with the
monomer or monomer/comonomer. Polymerization processes include solution,

gas phase fluid bed, slurry phase, and a high pressure process or a combination
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thereof. Preferred processes include gas phase fluid bed or slurry phase
polymerization of one or more olefins at least one of which is ethylene or
propylene. A gas phase process is particularly preferred (see for example U.S.
Pat. Nos. 4,543,399, 4,588,790, 5,028,670, 5,317,036, 5,352,749, 5,405,922,
5,436,304, 5,453,471, 5,462,999, 5,616,661 and 5,668,228 all of which are fully
incorporated herein by reference). Also preferred are polymerization processes,
particularly a gas phase fluid bed process, comprising a cycle fluid that comprises

a gas phase and a liquid phase.

[0059] In one embodiment, the method of this invention is directed toward a
solution, high pressure, slurry, or gas phase polymerization process of one or more
olefin monomers having from 2 to 30 carbon atoms, preferably 2 to 12 carbon
atoms, and more preferably 2 to 8 carbon atoms. The invention is particularly
well suited to the polymerization of two or more olefin monomers of ethylene,
propylene, butene-1, pentene-1, 4-methyl-pentene-1, hexene-1, octene-1 and

decene-1,

[0060] Other monomers useful in the method of the invention include
ethylenically unsaturated monomers, diolefins having 4 to 18 carbon atoms,
conjugated or nonconjugated dienes, polyenes, vinyl monomers and cyclic olefins.
Non-limiting monomers useful in the invention may include norbomene,
norbornadiene, isobutylene, isoprene, vinylbenzocyclobutane, styremes, alkyl

substituted styrene, ethylidene norbornene, dicyclopentadiene and cyclopentene.

10061] In one preferred embodiment of the method of the invention, a copolymer
of ethylene is produced, where with ethylene, a comonomer having at least one
alpha-olefin having from 3 to 15 carbon atoms, preferably from 4 to 12 carbon
atoms, and most preferably from 4 to § carbon atoms, is polymerized in a gas

phase process.

{0062] The reactor pressure in a gas phase process may vary from about 100 psig
(690 kPa) to about 600 psig (4138 kPa), preferably in the range of from about 200
psig (1379 kPa) to about 400 psig (2759 kPa), more preferably in the range of
from about 250 psig (1724 kPa) to about 350 psig (2414 kPa).

PCT/US2007/023749



4216 -22 5 1231 -77 7 3293 4830 -39 -11 9

WO 2008/660512 PCT/US2007/023749

17

[0063] The reactor temperature in a gas phase process during the contacting step
may vary from about 30°C to about 120°C, preferably from about 60°C to about
115°C, more preferably in the range of from about 70°C to 110°C, and most
preferably in the range of from about 70°C to about 95°C.

[0064] Other gas phase processes contemplated by the method of the invention
include series or multistage polymerization processes. Also gas phase processes
contemplated by the invention include those described in U.S. Patent Nos.
5,627,242, 5,665,818 and 5,677,375, and European publications EP-A- 0 794 200
EP-B1-0 649 992, EP-A- 0 802 202 and EP-B- 634 421 all of which are herein

fully incorporated by reference.

[0065] In one embodiment, the invention is directed to a polymerization process,
particularly a gas phase or slurry phase process, for polymerizing propylene alone
or with one or more other monomers including cthylene, and/or other olefins
having from 4 to 12 carbon atoms. Polypropylene polymers may be produced
using the particularly bridged metallocene catalysts as described in U.S. Patent
Nos. 5,296,434 and 5,278,264, both of which are herein incorporated by reference.
Propylene based polymers that are produced in the method of the invention
include atactic polypropylene, isotactic polypropylene, and syndiotactic
polypropylene. Other propylene polymers include propylene random, block or

impact copolymers.

[0066] One preferred polymerization technique of the invention is referred to as a
particle form polymerization, or a slurry process where the temperature is kept
below the temperature at which the polymer goes into solution. Such technique is
well known in the art, and described in for instance U.S. Patent No. 3,248,179
which is fully incorporated herein by reference. Other slurry processes include
those employing a loop reactor and those utilizing a plurality of stirred reactors in
series, parallel, or combinations thereof. Non-limiting examples of slurry
processes include continuous loop or stirred tank processes. Also, other examples
of slurry processes are described in U.S. Patent No. 4,613,484 and 5,986,021,

which are herein fully incorporated by reference.
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[0067] Examples of solution processes are described in U.S. Patent Nos.
4,271,060, 5,001,205, 5,236,998, 5,589,555 and 5,977,251 and PCT WO
99/32525 and PCT WO 99/40130, which are fully incorporated herein by

reference

Catalyst Systems

{0068} The multimodal catalyst system utilized by the invention may be any
suitable multimodal catalyst system for polymerizing alpha olefins. The catalyst
compounds which may be utilized in the catalyst system of the invention include
invention include: Group 15 containing metal compounds; metallocene
compounds; phenoxide catalyst compounds; additionally discovered catalyst
compounds; and conventional-type transition metal catalysts. All references to
chemical compounds used herein refer to the new IUPAC system of describing the
science of chemistry in general as defined in Nomenclature of Organic Chemistry,
Oxford:Pergamon Press, 1979; A Guide to IUPAC Nomenclature of Organic
Compounds, Recommendations 1993, Oxford:Blackwell Scientific Publications,
1993 and Nomenclature of Inorganic Chemistry, Recommendations 1990,
Oxford:Blackwell Scientific Publications. (1990). Under the new JTUPAC system,
a Group 15 clement is an element from the Nitrogen group elements (a.k.a. group
VA, formerly Group V of the old periodic table). The multimodal catalyst system
of the invention may comprise the catalyst compositions described in U, 8. Patent
Nos. 6,605,675, 6,846,886, 6,956,089, 6,274,684, 6,841,631, 6,894,128,
6,534,604, and 6,689,847 and PCT publications W001/30861 and WO02/46243,
all of which are incorporated herein by reference. Preferred catalyst systems
further include a catalyst system comprising a supported bisamide catalyst as
described in U. 8. Patent No. 6,271,325, which is also incorporated herein by

reference.

[0069] In one embodiment, the bisamide catalyst system of the invention may
comprise one or more Group 15 containing metal catalyst compounds. The Group
15 containing compound generally includes a Group 3 to 14 metal atom,

preferably a Group 3 to 7, more preferably a Group 4 to 6, and even more
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a hydrogen, a Group 14 atom containing group, a halogen, or a hetercatom
containing group, and wherein each of the two Group 15 atoms are also bound to a
cyclic group and may optionally be bound to hydrogen, a halogen, a heteroatom or

a hydrocarbyl group, or a heteroatom containing group.

[0071] Other bisamide catalyst compounds are those Group 5 and 6 metal imido
complexes described in EP-A2-0 816 384 and U.S. Patent No. 5,851,945, which is
incorporated herein by reference. In addition, bisamide catalyst compounds
include bridged bis(arylamido) Group 4 compounds described by D.H.
McConville, et al., in Organometallics 1195, 14, 5478-5480, which is herein
incorporated by reference. In addition, bridged bis(amido) catalyst compounds
are described in WO 96/27439, which is herein incorporated by reference. In one
embodiment, the multimodal catalyst system comprises a "bisamide" catalyst
compound combined with an activator, spray dried to a powder state, then
combined with mineral oil to form a slurry as described in U.S. Patent 6,605,675,

which is incorporated herein by reference.

10072] In one embodiment of the invention, the multimodal catalyst system
comprises a bisamide catalyst system and a non-bisamide catalyst system. A non-
bisamide catalyst system may be any catalyst system compatible with the
bisamide catalyst system. In one embodiment, the non-bisamide catalyst system
comprises a metallocene system or a conventional transition metal catalyst

system,

[0073] As used herein, the term “metallocene” is to be construed broadly, to

include any compound that is described as a “metallocene” in a publication or
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patent, as well as any chemical compound or structure that is described herein as a
metallocene. Metallocene catalyst compounds and catalyst systems useful in the
invention may include those described in U.S, Patent Nos. 5,064,802, 5,145,819,
5,149,819, 5,243,001, 5,239,022, 5,276,208, 5,296,434, 5,321,106, 5,329,031,
5,304,614, 5,677,401, 5,723,398, 5,753,578, 5,854,363, 5,856,547 5,858,903,
5,859,158, 5,900,517, 5,939,503 and 5,962,718 and PCT publications WO
93/08221, WO 93/08199, W0 95/07140, WO 98/11144, WO 98/41530, WO
08/41529, WO 98/46650, WO 99/02540 and WO 99/14221 and European
publications EP-A-0 578 838, EP-A-0 638 595, EP-B-0 513 380, EP-A1-0 816
372, EP-A2-0 839 834, EP-B1-0 632 819, EP-B1-0 739 361, EP-B1-0 748 821
and EP-B1-0 757 996, all of which are herein fully incorporated by reference.

{0074] In one embodiment, metallocene catalysts compounds useful in the
invention include metallocene compounds described in, for example, PCT
publication WO 92/00333, WO 94/07928, WO 91/ 04257, WO 94/03506,
W096/00244, WO 97/15602 and WO 99/20637 and U.S. Patent Nos. 5,057,475,
5,096,867, 5,055,438, 5,198,401, 5,227,440 and 5,264,405 and European
publication EP-A-0 420 436, all of which are herein fully incorporated by

reference.

10075] In at least one broad embodiment, the metallocene catalyst is a compound
represented by the formula CPm MRn Xq, wherein “Cp” refers to either a
cyclopentadienyl ring, which may be substituted or unsubstituted, or a
cyclopentadienyl ring derivative, such as an indenyl ring, which also may be
substituted or unsubstituted. In a specific embodiment the metallocene used to
make the unimodal polyethylene includes two cyclopentadienyl rings, and such a
metallocene is referred to herein as a “biscyclopentadienyl metallocene” or a “bis-
Cp metallocene.”  Preferably, the metallocene used to form one of the
polyethylenes, and preferably the metallocene used to form (e.g., prepare or make)
the “second polyethylene” described herein (e.g., one of the two polyethylenes in
a 2-polyethylene blend composition) has two or more Cp ligands, most preferably
two Cp ligands; and is thus to be considered a “bis-Cp metallocene.” In a more

specific embodiment, the metallocene is a substituted biscyclopatendienyl,
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preferably one that is substituted with a methyl group and a butyl group, such as
bis(1,3—methylbutyldcyclopentadienyl) zirconium dichloride or difluoride.

{0076} Other examples of metallocenes are identified in 1 & 2 Metallocene-Based
Polyolefins (John Scheirs & W. Kaminsky eds., John Wiley & Sons, Ltd. 2000);
G.G. Hlatky in 181 Coordination Chem. Rev. 243-296 (1999) and in particular,
those metallocenes for use in the synthesis of polyethylene in 1 Metallocene-
Based Polyolefins 261-377 (2000). The metallocene catalyst compounds
described herein include “half sandwich” and “full sandwich” compounds having
one or more Cp ligands (cyclopentadienyl and ligands isolobal to
cyclopentadienyl) bound to at least one Group 3 to Group 12 metal atom, and one
or more leaving group(s) bound to the at least one metal afom. Hereinafter, these
compounds will be referred to as “metallocenes” or “metallocene catalyst
components.” Each metallocene described herein is preferably supported on a
support material in a particular embodiment as described further below, and may

be supported with or without another catalyst component.

.100774 The Cp ligands are one or more rings or ring system(s), at least a portion
of which includes m-bonded systems, such as cycloalkadienyl ligands and
heterocyclic analogues. The ring(s) or ring system(s) typically comprise atoms
selected from the group consisting of Groups 13 to 16 atoms, and more
particularly, the atoms that make up the Cp ligands are preferably selected from
the group consisting of carbon, nitrogen, oxygen, silicon, sulfur, phosphorous,
germanium, boron and aluminum and combinations thereof, wherein carbon
makes up at least 50% of the ring members. Even more particularly, the Cp
ligand(s) are preferably selected from the group consisting of substituted and
unsubstituted cyclopentadieny! ligands and ligands isolobal to cyclopentadienyl,
non-limiting examples of which include cyclopentadienyl, indenyl, fluorenyl and
other structures.  Further non-limiting examples of such ligands include
cyclopentadienyl, cyclopentaphenanthreneyl, indenyl, benzindenyl, fluorenyl,
octahydrofluorenyl, cyclooctatetraenyl, cyclopentacyclododecene,
phenanthrindenyl, 3,4-benzofluorenyl, 9-phenylfluorenyl, 8-H-
cyclopent{alacenaphthylenyl, = 7H-dibenzofluorenyl,  indenofl,2-9]anthrene,
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thiophenoindenyl, thiophenofluorenyl, hydrogenated versions thereof (e.g.,
4,5,6,7-tetrahydroindenyl, or “H4Ind”), substituted versions thereof (as described

in more detail below), and heterocyclic versions thereof.

j0078] The metal atom “M” of the metailocene catalyst compound, as described
throughout the specification and claims, may be selected from the group
consisting of Groups 3 through 12 atoms and lanthanide Group atoms in one
embodiment; and selected from the group consisting of Groups 3 through 10
atoms in a more particular embodiment, and selected from the group consisting of
Sc, Ti, Zr, Hf, V, Nb, Ta, Mn, Re, Fe, Ru, Os, Co, Rh, Ir, and Ni in yet a more
particular embodiment; and selected from the group consisting of Groups 4, 5 and
6 atoms in yet a more particular embodiment, and a Ti, Zr, Hf atoms in yet a more
particular embodiment, and Zr in yet a more particular embodiment. The
oxidation state of the metal atom “M” may range from 0 to +7 in one
embodiment; and in a more particular embodiment, is +1, +2, +3, +4 or +5; and in
yet a more particular embodiment is +2, +3 or +4. The groups bound the metal
atom “M” are such that the compounds described below in the formulas and
structures are electrically neutral, unless otherwise indicated. The Cp ligand(s)
form at least one chemical bond with the metal atom M to form the “metallocene
catalyst compound”. The Cp ligands are distinct from the leaving groups bound to
the catalyst compound in that they are not highly susceptible to

substitution/abstraction reactions.

[0079] It is within the scope of this invention, in one embodiment, that the
metallocene catalyst compounds include complexes of Ni** and Pd** described in
the articles Johnson, et al., “New Pd(Il)- and Ni(Il)- Based Catalysts for
Polymerization of Ethylene and a-Olefins”, J. Am. Chem. Soc. 1995, 117, 6414-
6415 and Johnson, et al., “Copolymerization of Ethylene and Propylene with
Functionalized Vinyl Monomers by Palladium(II} Catalysts”, J. Am. Chem. Soc.,
1996, 118, 267-268, and WO 96/23010 published August 1, 1996, WO 99/02472,
U.S. Patent Nos. 5,852,145, 5,866,663 and 5,880,241, which are all herein fully

incorporated by reference. These complexes may be either dialkyl ether adducts,
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or alkylated reaction products of the described dihalide complexes that can be

activated to a cationic state by the activators of this invention described below.

|0080] Also, one or more specific embodiments of the compositions described
herein include a multimodal catalyst system, comprising  HN3, bis(2-
(trimethylphenylamido)ethyl)amine zirconium dibenzyl (for a high molecular
weight component) and P-metallocene catalyst bis(n-propyl Cp) zirconium

dichloride (for a low molecular weight component).

[0081] Also included as metallocene catalyst are those diimine based ligands of
Group 8 to 10 metal compounds disclosed in PCT publications WO 96/23010 and
WO 97/48735 and Gibson, et. al., Chem. Comm., pp. 849-850 (1998), all of

which are herein incorporated by reference.

[0082] It is also contemplated that in one embodiment, the metallocene catalysts
of the invention described above include their structural or optical or enantiomeric
isomers (meso and racemic isomers, for example see U.S. Patent No. 5,852,143,

incorporated herein by reference) and mixtures thereof.

(0083} Conventional transition metal catalysts are those traditional Ziegler-Nata
catalysts and Phillips-type chromium catalyst well known in the art. Examples of
conventional transition metal catalysts are discussed in U.S. Patent Nos.
4,115,639, 4,077,904 4,482,687, 4,564,605, 4,721,763, 4,879,359 and 4,960,741
all of which are herein fully incorporated by reference. The conventional
transition metal catalyst compounds that may be used in the present invention
include transition metal compounds from Groups III to VIII, preferably IVB to
VIB of the Periodic Table of Elements.

[0084] Still other conventional transition metal catalyst compounds and catalyst
systems suitable for use in the present invention are disclosed in U.S, Patent Nos.
4,124,532, 4,302,565, 4,302,566 and 5,763,723 and published EP-A2 0 416 815
A2 and EP-A1 0 420 436, which are all herein incorporated by reference.

[0085] Other catalysts may include cationic catalysts such as AlCly, vanadium,
constrained-geometry catalysts, cobalt, and iron catalysts, all being well known in

the art.
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[0086] In one embodiment of the invention, the multimodal catalyst system
comprises a spray dried catalyst mixture, wherein the spray dried catalyst
compound comprises a bisamide catalyst compound, a metallocene catalyst
compound, an activator, and a residual solvent. In a preferred embodiment, fumed
silica is combined with methyl alumoxane and then spray dried to from supported

methyl alumoxane.

{0087] In another embodiment, the catalyst compounds and/or the activators are
preferably combined with a support material such as a particulate filler material
and then spray dried, preferably to form a free flowing powder. Spray drying may
be by any means known in the art. See EP A 0 668 295 B1, U.S. Patent No.
5,674,795 and U.S. Patent No. 5,672,669 and U.S. Patent Application Serial No.
09/464,114 filed December 16, 1999, which particularly describe spray drying of
supported catalysts.

[0088] Spray drying methods and compositions particularly useful to the current
invention are also described in U.S. Patent 6,605,675, which is incorporated
herein by reference. In general one may spray dry the catalysts by placing the
catalyst compound and the optional activator in solution (allowing the catalyst
compound and activator to react, if desired), adding a filler material such as silica
or fumed silica, such as Gasil™ or Cabosil ™, then forcing the solution at high

pressures through a nozzle.

[6089] In some spray dried catalyst mixtures, two or more catalyst compounds
can be added together and cosprayed. Furthermore, additional additives or

solvents, such as 1-hexene can be present in the activator/filler mixture.

[0090] In another embodiment binders are added to the mix. These can be added
as a means of improving the particle morphology, i.e. narrowing the particle size
distribution, lower porosity of the particles and allowing for a reduced quantity of

alumoxane, which is acting as the ‘binder’.

[0091] In one embodiment of the invention, the spray dried catalyst mixture

comprises less than about 5 wt% of the bisamide catalyst compound and a
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metallocene compound combined, and preferably, about 1 to about 3 wt% of the

bisamide catalyst compound and the metallocene compound combined.

{0092] In another embodiment the spray dried catalyst mixture comprises about
30 to about 50 wt% of the activator, preferably about 35 to about 40 wi% of the

activator,

[0093) In yet another embodiment, the spray dried catalyst mixture comprises
about 50 to about 70 wi% of the silica filler, and preferably about 50 to about 60
wit% of the silica filler.

10094] In other embodiments, the spray dried catalyst mixture comprises and
about 1 to about 6 wi% of the residual solvent, and preferably about 2 to about 4

wit% of the residual solvent.

10095] In one preferred embodiment, the spray dried catalyst mixture comprises:
about 1 to about 3 wt% of the bisamide catalyst compound and the metallocene
compound combined; about 30 to about 50 wt% of the activator; about 50 to about

70 wit% of the silica filler; and about 2 to about 4 wi% of the residual solvent.

[0096] In one embodiment, the multimodal catalyst system comprises the spray
dried mixture disclosed above dispersed in a liquid to form a slurried catalyst
mixture. This shurried catalyst mixture is then fed into the polymerization reactor.
In one embodiment, the liquid comprises an oil and a hydrocarbon, wherein the
hydrocarbon is a Cg or higher alpha olefin. The slurried catalyst mixture
preferably has about 10 to 40 weight % spray dried mixture in the slurried catalyst
mixture, and preferably 15 to 30 weight % spray dried mixture in the slurried

catalyst mixture.

10097] In yet another embodiment, the slurried catalyst mixture comprises about
60 to about 70 wt% of the oil and less than about 20 wt% of the C; or higher alpha
olefin. In still further embodiments, the C4 or higher alpha olefin is preferably
hexane, and more preferably a high-purity isoparaffinic solvent, such those
available from ExxonMobil Chemical as Isopar ™ Fluids, having an ASTM D 86

M

boiling point above about 97°C (Isopar™ is a trademark of ExxonMobil

Corporation).



27 1710 -68.0 31 1754 -67.1

WO 2608/060512 PCT/US2007/023749

26

[0098] One embodiment of the invention provides a method of polymerizing
olefins comprising steps of: providing a multimodal catalyst system comprising a
bisamide catalyst system and a non-bisamide catalyst system; storing the
multimodal catalyst system at a controlled temperature; contacting the multimodal
catalyst system with a monomer selected from the group consisting of C; to Cq
alpha olefins in a polymerization process; and producing a multimodal polymer.
In this embodiment: the bisamide catalyst system comprises a support, an
activator and a Group 15 containing metal catalyst compound; the non-bisamide
catalyst system comprises a metallocene catalyst compound; the contacting step is
conducted at a temperature of greater than about 60°C and a pressure of from
about 200 psig to about 400 psig; the multimodal catalyst is stored for at least 30
days; the controlled temperature is less than about 1°C; and an aged catalyst
productivity is at least about 75% of a fresh catalyst productivity. In another
embodiment, an aged catalyst productivity is at least about 85% of a fresh catalyst
productivity, and preferably at least about 90% of a fresh catalyst productivity. In

an alternate embodiment, the controlled temperature is less than about -9°C.

[0099] One embodiment of the invention provides a method of polymerizing
olefins comprising steps of® providing a multimodal catalyst system comprising a
bisamide catalyst system and a non-bisamide catalyst system; storing the
multimodal catalyst system at a controlled temperature; contacting the multimodal
catalyst system with a monomer selected from the group consisting of C; to C4
alpha olefins in a polymerization process; and producing a multimodal polymer.
In this embodiment: the bisamide catalyst system comprises a support, an
activator and a Group 15 containing metal catalyst compound; the non-bisamide
catalyst system comprises a metallocene catalyst compound; the contacting step is
conducted at a temperature of greater than about 60°C and a pressure of from
about 200 psig to about 400 psig; the multimodal catalyst is stored for at least 30
days; the controlled temperature is less than about 1°C; and a high molecular
weight fraction of an aged catalyst polymer produced in the contacting step is at
least about 85% of the high molecular weight fraction of a fresh catalyst polymer,

preferably the high molecular weight fraction of the aged catalyst polymer is at



35 1736 -67.5 41 1682 -68.5

WO 2008/060512 PCT/US2007/023749

27

least about 90% of the high molecular weight fraction of a fresh catalyst polymer.

In an alternate embodiment, the controlled temperature is less than about -9°C.

10100] In some embodiments of the invention, the multimodal catalyst system is
warmed after being stored at the controlled temperature, and then agitated before
contacting the multimodal catalyst system with the monomer. As used herein,
"warmed" refers to raising the temperature of the multimodal catalyst system
above the temperature at which it is stored. The multimodal catalyst system may
be warmed by simply removing the multimodal catalyst system from the
controlled temperature storage environment and allowing the ambient conditions
to heat the catalyst. The catalyst may also be warmed by placing the multimodal
catalyst system if a heated environment, or applying heat to the storage container

holding the multimodal catalyst system.

{0101} The term “agitated,” as used herein refers to giving motion to the
multimodal catalyst system to allow the solids in the catalyst system to be
suspended in a diluent of the slurry catalyst system. The agitation can be by any
method suitable to cause the solids and the diluent to mix together and effect the
suspension of the solids, In some embodiments, the agitation.may be provided by
shaking, rolling or otherwise moving the container or vessel holding the

multimodal catalyst system.

[0102] In some embodiments herein, the multimodal catalyst system is agitated
after warming the multimodal catalyst system, In this embodiment, the container
or vessel holding the multimodal catalyst system may be removed from the
controlled environment a period of time prior to when the catalyst is to be
agitated. Then, after the catalyst warms, it is agitated by an agitating device, for

example a catalyst vessel rolling device.

[0103] In some embodiments, the multimodal catalyst system may be agitated for
a period of time sufficient to ensure that solid catalyst particles contained in the
multimodal catalyst system are fully suspended in the slurry. In some

embodiments, the multimodal catalyst system may be agitated at least about 12,
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24, 36, or more hours to allow any catalyst particles that have settled out of

suspension to be re-suspended.

[0104] In other embodiments, the multimodal catalyst system may be warmed to
at least about 0, 10, or 20°C before contacting the multimodal catalyst system with
the monomer. In some embodiments, the multimodal catalyst system may
warmed before agitating the multimodal catalyst system. In other embodiments,
the multimodal catalyst system may warmed while agitating the multimodal

catalyst system, or even after the multimodal catalyst system has been agitated.

Multimodal Polymers

[0105] One or more specific embodiments of the compositions described herein
include a bimodal polyethylene. In certain embodiments, a bimodal polyethylene
for the composition may be prepared as described in U.S. Patent Nos. 6,605,675
or 6,608,149, both of which are incorporated by reference, particularly the aspects
that disclose and teach the preparation of bimodal polyethylene. In at least one
particular embodiment, a composition includes a bimodal polyethylene prepared
using catalyst systems described herein. For example, a bimodal polyethylene can
be prepared by a polymerization conducted in the presence of a catalyst system

that includes a fumed particulate filler and a catalyst compound represented by the

formula:
R4
l _~R6
Rl— vy
/ AN
RS— L M 4
5

wherein M is a Group 4, 5 or 6 metal; each X is independently an anionic leaving
group; n is the oxidation state of M; m is the formal charge of the ligand
comprising Y, Z and L; Y is a Group 5 atom; Z is a Group 15 atom; L is a Group

15 atom; R' and R?* are independently a C; to Cy hydrocarbon group, or a



106 1286 -75.9 Exanpl e 3: 101311 The effect of catal yst aging on
nmol ecul ar wei ght was studied at an accel erated condition of 60C using
t he sanme DWVOGBOBI6EAT al yst described in Exanple 1. Pol yB&T/iedge74sas
produced using the sane binodal catal ygt batch that was fresh, and
aged over periods of days at 60C. The results obtained are given in
Tabl e 3 and Figure 3. Aging progressively increased the size of the

| ow nol ecul ar wei ght peak and decreased the size of the HWMWV peak.

Al so note t halterbdi6mRoniatGheanRg Viiradg thittheterdforhABlstican, Biepfagtam, tin,

Catalyst Slurry Aging At 60 C Mol egul ar, Wi ght Distribution Dayg 0 1

2 36 lead, or phosphorus; optionally, R™ and R” are interconnected to each other; R™ is
absent, a hydrogen, a group 14 atom containing group, a halogen, or a hetercatom
containing group; R? and R® are independently an alkyl group, an aryl group, a
substituted aryl group, a cyclic alkyl group, a substituted cyclic alky] group, or a
multiple ring system; and R® and R’ are independently absent, a hydrogen, an
alkyl group, a halogen, a heteroatom, a hydrocarbyl group, or a heteroatom

containing group.

Predicting Multimodal Catalyst Response:

[0106] One advantage of the current invention lies in the ability to minimize the
change in polymerization response of the multimodal catalyst system, while
another lies in the ability to predict properties of polymer produced with aged
catalyst.  Accordingly, the current invention also provides a method of
polymerizing olefins to produce a multimodal polymer by providing a multimodal
catalyst system comprising a bisamide catalyst system and a non-bisamide catalyst
system, and contacting the multimodal catalyst system with an alpha olefin
composition in a polymerization process to produce a multimodal polymer,
wherein a product property of the multimodal polymer is predicted using a

predicted aging characteristic response of the multimodal catalyst system.

[0107]) The predicted aging characteristic response may be any characteristic
response used to evaluate the polymerization performance of the multimodal
catalyst system, Of particular interest is the response of the multimodal catalyst
system in producing a polymer with a particular product property or the response
of the multimodal catalyst system to a particular polymerization parameter. As
used herein, “response” refers to the quantifiable performance of a catalyst system
at a given set of polymerization conditions, or a performance prediction model as

a function of a polymerization parameter or polymerization conditions.

[0108] The product property may be any polymer property, and is preferably a
product property or polymerization property effected by the catalyst composition.

The product property may be residual catalyst content, catalyst ash, a multimodal
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polymer melt index, density, melt flow ratio, molecular weight distribution, a
percentage of high molecular weight component, or a percentage of low molecular
weight component, or any other measurable polymer property.  The
polymerization parameter may be the catalyst productivity, hydrogen
concentration, monomer concentration, comonomer concentration, activator

concentration, polymerization temperature, or any other process parameter.

[0109] Thus, as used herein, the predicted aging characteristic response refers to
the quantifiable performance the aged (post storage) multimodal catalyst system at
a given set of polymerization conditions, or a performance prediction model as a
function of a polymerization parameter or polymerization conditions. For
example, the predicted aging characteristic response may be a catalyst response as
a function of storage time, temperature, or combination thereof, or a change in a
catalyst response as a function of storage time, temperature, or combination
thereof. The catalyst response may be the catalyst productivity response,
molecular weight distribution response of the catalyst, melt index response of the
catalyst, density response of the catalyst, hydrogen response, comonomer

response, or any other polymer property response of the catalyst.

[0110] In order to quantify the effect of catalyst aging on the multimodal catalyst
system, tests may be conducted on each catalyst component to determine the
polymerization response of that catalyst component over time. These tests can
take a very long time due to slow changes over time of catalyst response. Thus, in
one embodiment of the invention, the predicted aging characteristic response is
determined using an accelerated aging method. As used herein, an “accelerated
aging method” refers to a method wherein the tests to quantify the polymerization
response are accelerated by storing the test catalyst at an elevated temperature
before the test catalyst is evaluated. Thus, an accelerated aging method comprises
the steps of producing a test catalyst, preferably comprising a single catalyst
component system, storing the test catalyst at an elevated temperature,
polymerizing the test catalyst, and evaluating the polymerization response of the

test catalyst. The polymerization response of the test catalyst may be compared to
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a control catalyst, which is a portion of the test catalyst that is evaluated soon afier

it is produced.

{0111] The accelerated method is used to evaluate the bisamide and non-bisamide
catalyst systems separately, and the maltimodal catalyst system itself. The
accelerated aging method includes the steps of: providing a fresh test catalyst
batch; producing a fresh catalyst polymer sample; storing the test catalyst at an
elevated temperature to produce aged catalyst; producing an aged catalyst polymer
sample; measuring the productivity of each catalyst sample during polymerization,
and evaluating the polymer properties of each polymer sample. The elevated
temperature is preferably above the highest expected ambient temperature where
the commercial catalyst may be stored, and below a deactivation temperature of
the catalyst. In one embodiment, the elevated temperature is about 40 to 120°C;
alternatively, the elevated temperature is about 50 to 80°C; alternatively, the
elevated temperature is about 50 to 70°C; alternatively, the elevated temperature is
about 50 to 65°C; and, alternatively, the elevated temperature is about 55 to 65°C.
In a class of embodiments, the elevated temperature is 60°C. In one embodiment,
a first test catalyst comprising the bisamide catalyst component is produced,
stored, and tested, and a second test catalyst comprising the non-bisamide catalyst

component is produced, stored, and tested separately.

10112] In one embodiment of the invention, the accelerated aging method uses
High Throughput Polymerization Testing (HTPT) unit comprising a Parallel
Polymerization Reactor (PPR), a high temperature rapid GPC station, a Sensory
Array Modular Measurement System, and an Automated FT-IR Analysis Station.
A preferred HTPT unit is available from Symyx Discovery Tools, Inc. Various
test methods and PPRs are also discussed in U.S. publication 2003161763, and
PCT publications W01999064160, W02001098371, and WO 2000009255, all of

which are incorporated herein by reference.

(0113] In one embodiment, the method further provides for: determining a first
aging characteristic response of the bisamide catalyst system; determining a
second aging characteristic response the non-bisamide catalyst system; and

combining the first aging characteristic response and the second aging
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characteristic response to produce the predicted aging characteristic response of
the multimodal catalyst system at the given polymerization condition. The first
and second aging characteristic responses may be any characteristic responses
used to evaluate the polymerization performance of the catalyst, and is preferably

the same characteristic response as the predicted aging characteristic response.

10114] In one embodiment, the first aging characteristic response is a catalyst
productivity response of the bisamide catalyst system as a function of time, while
the second aging characteristic response is a catalyst productivity response of the
non-bisamide catalyst system as a function of time. As used herein, the catalyst
productivity response refers to the catalyst productivity of a catalyst system at a
given set of polymerization conditions, or a catalyst productivity model as a

function of polymerization conditions.

10115] In another embodiment, the first aging characteristic response is a first
molecular weight distribution response of the bisamide catalyst system after a
storage time, while the second aging characteristic response is a second molecular
weight distribution response of the non-bisamide catalyst system as a function of
time. In yet another embodiment, the first aging characteristic response is a first
melt index response of the bisamide catalyst system as a function of time, while
the second aging characteristic response is a second melt index response of the

non-bisamide catalyst system as a function of time.

[0116] In one embodiment of the invention, the first aging characteristic response
and the second aging characteristic response are determined using an accelerated
aging method to reduce the amount of time the characterization of the response
takes. In a further embodiment, the accelerated aging method uses a high

throughput polymerization unit to characterize the aging characteristic response.

[0117] In order to quantify the “responses” of the aging characteristics, it is
preferable to develop models that can be used to predict a product or
polymerization property. One of ordinary skill in the art may conduct
experiments to quantify the responses of the multimodal catalyst and/or the
individual catalyst systems that comprise the multimodal catalyst system. The

models may be polynomial mathematical models, that may include various orders
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of responses. In one embodiment of the invention, a first model of the first aging
characteristic response and a second model of the second aging characteristic
response are developed based on assumptions of a first order decay or a second
order decay. In another embodiment, the predicted aging characteristic response
of the multimodal catalyst system is developed based on assumptions of a first

order decay or a second order decay.

{0118} The catalyst systems are typically placed and/or transported in portable
containers or vessels for storage or shipment between the catalyst production
facilities and the polymer production facilities. The portable containers or vessels
may be simply moved locally within a plant site, or may be shipped by truck,
plane, or ship to other plant locations around the world. The portable vessels may
be cylinders, drums, DOT approved containers, or any other suitable portable
vessel. In order to control the aging of the multimodal catalyst, the portable vessel
may be held at controlled temperatures as described herein above. In one
embodiment, the portable vessel is held at a controlled temperature by placing the
portable vessel in a controlled temperature environment, such as a refrigerated
truck or shipping vessel. Alternately, the portable vessel may be provided with
any other suitable method of maintaining the interior of the portable vessel at a
controlled temperature. Thus, the current invention also provides a method of
controlling the aging of any of the multimodal catalyst systems described herein
comprising the steps of: providing a multimodal catalyst system comprising a
bisamide catalyst system and a non-bisamide catalyst system; and transporting the
multimodal catalyst system in a portable vessel, wherein the portable vessel is
kept at a controlled temperature of less than about 21°C, preferably the portable
vessel is kept at a controlled temperature of less than about 1°C, and more
preferably the portable vessel is kept at a controlled temperature of less than about
-9°C.

[0119]) One class of embodiments may also provide a container or vessel
comprising the multimodal catalyst system or the catalyst system, wherein the

multimodal catalyst system or the catalyst system is maintained at a controlled
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temperature. In at least one embodiment, the container or vessel may be agitated

while in the container or vessel,

[0120] For the sake of brevity, only certain ranges are explicitly disclosed herein.
However, ranges from any lower limit may be combined with any upper limit to
recite a range not explicitly recited, as well as, ranges from any lower limit may
be combined with any other lower limit to recite a range not explicitly recited, in
the same way, ranges from any upper limit may be combined with any other upper
limit to recite a range not explicitly recited. Additionally, within a range includes
gvery point or individual value between its end points even though not explicitly
recited. Thus, every point or individual value may serve as its own lower or upper
limit combined with any other point or individual value or any other lower or

upper limit, to recite a range not explicitly recited.

[0121] All priority documents are herein fully incorporated by reference for all
jurisdictions in which such incorporation is permitted and to the extent such
disclosure is consistent with the description of the present invention. Further, all
documents and references cited herein, including testing procedures, publications,
patents, journal articles, etc. are herein fully incorporated by reference for all
jurisdictions in which such incorporation is permitted and to the extent such

disclosure is consistent with the description of the present invention.

[0122] It is to be understood that while the invention has been described in
conjunction with the specific embodiments thereof, the foregoing description is
intended to illustrate and not limit the scope of the invention. Other aspects,
advantages and modifications will be apparent to those skilled in the art to which

the invention pertains.

(0123) Therefore, the following examples are put forth so as to provide those
skilled in the art with a complete disclosure and description of how to make and
use the compounds of the invention, and are not intended to limit the scope of that

which the inventors regard as their invention.
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EXAMPLES

[0124] In the polymerization tests described in the examples below, the test
catalyst is injected into a gas phase test reactor held at 65°C, 225 psig total system
pressure, 200 psi ethylene pressure, 0.007 C6/C2 ratio (continuous), and H2/C2
ratio of 0.004 (continuous). Polymerization time was one hour. Standard
deviation in runs using duplicate data sets was found to be below 10% and for the
triplicate data sets, the standard deviation ranged from 1.8% to 8.2 %. The
responses of the catalyst systems in Examples 1 to 5 were determined in a batch,
gas phase reactor. The flow index values reported in the experiments below are
I[;; flow index values measured according to ASTM D-1238, at 432 psi and
190°C.

10125) In the experiments below, molecular weight distribution (MWD) was
characterized using Size-Exclusion Chromatography (SEC). Molecular weight,
including weight-average molecular weight (Mw) and number-average molecular
weight (Mn), were determined using a High Temperature Size Exclusion (SEC)
Chromatograph. Samples were prepared as follows: 7.5 mg of sample is dissolved
in 10 ml of 1, 2, and 4 Trichlorobenzene at 160 degree Celsius. Using a heated
syringe, sample is placed in an autosampler vial. The instrument conditions were:
300 ul of sample is injected onto 3 Shodex mixed bed columns, a low molecular
weight column and a guard column. Column temperature was 140 degrees
Celsius. The instrument was a Polymer Laboratories HT-GPC 220. Raw data
was acquired through a TriSEc acquisition program and data is processed through

an in-house program.

Example 1:

j0126] To show the effect of aging of a multimodal catalyst system on catalyst
productivity, a bimodal catalyst was tested using a dry powder bisamide/non-
bisamide catalyst mixture (3.5 mole ratio) that was spray dried. The bisamide
was: [(2,3,4,5,6 MesCg)NCH,CH,,NHZrBz; where Bz is a benzyl group as

shown below:
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t he cal cul ated nunber average nol ecul ar weight; LMN M is the
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[0127] The non-bigsamide was a metallocene catalyst,

pentamethylcyclopentadieny! (n-propylcyclopentadienyl) ZrCl, as shown below:.

re
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[0128} The activator was methylalumoxane, The composition of the spray dried
catalyst was: Zr (0.045 mmol/g of catalyst), Al (5.7 mmol/g of catalyst), residual
toluene (3.7 wt%), and CaboSil TS610 filler (balance of catalyst). The dry
powder catalyst was stored in Hoke bombs kept at 40, 60 and 75°C. The results
are given in Table 1 below and Figure 1 herein. As seen in the figures,
temperature accelerates aging considerably. At 75°C, the productivity decreases
by 70% in a day; 7% at 60°C and no drop at 40°C. In a week the decrease in
productivity: 77%, 39% and 11% respectively at 75, 60 and 40°C.
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9 4750 -12

15 2920 4750 -46 -12

23 44380 -51 -17

30 3840 -29

51 3830 -29

Example 2:

[0126] The productivity of the same bimodal catalyst described above was studied
when stored at contrplked cooler temperature conditions and at warmer
temperature conditions. A dry powder system and a slurried catalyst system
composed of 22wt% solids, 10wt% hexane and 68wt% mineral oil (Hydrobrite
380) were tested. Accelerated aging studies were carried out at 60°C. The results
are presented in Table 2 and Figure 2. It can be seen that the shury ages more
than the solids. The shurry loses 28% productivity after one day and about 50% in
a week at this temperature. In comparison, solids lose 10% in a day and 40% in a

week,

[0130] A representative slurry was then stored inside a freezer at -10°C and aging
was measured for about 7 month period. Aging was indeed retarded and there
was a small amount of loss in productivity in the first three months and about 10%
loss in the next three months. The slurry stored at -10°C is also compared with
solids and slurry stored at 60°C in Figure 2. In 3 months of cold storage at -10°C,
the catalyst system in the slurry generally maintained its productivity, whereas at

60°C it lost almost 75% of its activity.
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TABLE 2
Bimodal Catalyst Aging — Powder and Slurry -50 micromol Zr/g loaded
Powder @ 60 °C Slurry @ 60 °C Slurry @ -10°C
# Productivity | Change # Productivity | Change | # Days | Productivity | Change
Days Gr./Gr. %% Days Gr./Gr. % Stored Gr./Gr. %
Stored Stored
0 5600 0 5336 0 5336
1 5031 -10.2 1 3830 -28.2 92 5255 -1.5
2 4925 -12.1 2 3020 -43.4 113 4905 -8.1
3 4264 -23.9 3 3019 -43.4 146 4896 -3.2
4 4216 -24.7 6 2621 -50.9 167 4825 -9.6
7 3293 -41.2 8 2546 -52.3 211 5230 -2.0
15 2921 -47.8 14 2053 -61.5
24 2664 -52.4 17 2144 -59.8 | Avg. 5075
21 1923 -64.0 | S.Dev. 223 44
24 1922 -64.0
27 1710 -68.0
31 1754 -67.1
35 1736 -67.5
41 1682 -68.5
48 1388 -74.0
69 1383 -14.1
106 1286 -75.9
Example 3:

j0131] The effect of catalyst aging on molecular weight was studied at an
accelerated condition of 60°C using the same bimodal catalyst described in
Example 1. Polymer product was produced using the same bimodal catalyst batch
that was fresh, and aged over periods of days at 60°C. The resuits obtained are
given in Table 3 and Figure 3. Aging progressively increased the size of the low
molecular weight peak and decreased the size of the HMW peak. Also note that
the FI increased by aging.
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TABLE 3
Bimodal Catalyst Slurry Aging At 66 °C
Molecular Weight Distribution
Days 0 1 2 3 6 8

Exp. Mn 10,970 | 6,056 7,806 6,148 6,939 5,060
Exp. Mw 366,772 | 279,026 | 318,694 | 279,142 | 232,457 | 196,863

Exp. Mw/Mn | 3343 46,07 40.83 45.41 33.50 38.91

Calc. Mn 11,489 | 5,432 6,947 5,432 5,949 4,438
Calc. Mw 365,259 | 277,641 | 314,455 | 278,835 { 229,596 | 195,027

Calc. Mw/Mn | 31.79 51.11 45.27 51.33 38.60 43.94

LMW Mn 3,751 2,380 2,898 2,770 3,121 2,649
LMW Mw 13,860 | 12,012 | 12,814 | 13,536 | 12,824 | 12,537

LMW 3.70 5.05 4.42 4.89 4.11 4.73
Mw/Mn

LMW Wt% 30.53 42,54 40.18 49.80 50.04 58.35
HMW Mn 123,107 | 108,327 | 112,578 | 116,726 | 64,245 | 82,538
HMW Mw | 519,691 | 474,334 | 517,073 | 542,042 | 446,678 | 450,640

HMW 422 438 4.59 4.64 6.95 5.46
Mw/Mn

HMW Wt% | 6947 57.46 59.82 50.20 49.96 41.65
Sum Err~2 | 4.644E- | 5.528E- | 2.360E- | 3.636E- | 5.606E- | 9.083E-

6 6 6 6 6 6

F1 3.47 4.76 4.25 5.82 13.23 24.86

In Tables 3 and 4:

EXP. Mn is the experimental number average molecular weight;

EXP. Mw is the experimental weight average motecular weight;

EXP. Mw/Mn is the experimental weight average molecular weight divided by
the experimental number average molecular weight;

Cale. Mn is the calculated number average motecular weight;

Calc. Mw is the calculated weight average molecular weight;

Calc Mw/Mn is the calculated weight average molecular weight divided by the
calculated number average molecular weight;

LMW Mn is the measured low molecular weight component number average
molecular weight;

LMW Mw is the measured low molecular weight component weight average
molecular weight;

LMW Mw/Mn is the low molecular weight component measured weight average
molecular weight divided by the measured number average molecular
weight;

LMW Wt% is the weight percent of the low molecular weight component in the
polymer sample;

HMW Mpn is the measured high molecular weight component number average
molecular weight;

HMW Mw is the measured high molecular weight component weight average
molecular weight;

HMW Mw/Mn is the high molecular weight component measured weight
average molecular weight divided by the measured number average
molecular weight;

HMW Wit% is the weight percent of the high molecular weight component in the
polymer sample;

Sum Err”2 is the sum of the error squared; and

FI s 1, flow index,
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distribution found in the polymer produced over a 30 week period is shown in
Table 4 and Figure 4, The variation in HMW, FI and HMW split are within the
expected variability in the measurements. In Figure 4, one can see the peaks
overlap upon each other during 30 weeks of cold storage. Thus, the storage at -

10°C does not alter the modality and hence the polymer product properties.

TABLE 4
Bimodal Catalyst Slurry Aging At-10°C
# weeks | Productivity | Change | FI | HMW [ HMW | LMW | LMW
@ -10 Gr./Gr. Mw wi% Mw | wi%
°C
0 5336
13 5255 -1.5 533 (454,521 71.0 {12,823 | 29.0
16 4905 -8.1 484,321 1 674 | 11314 32.6
21 4896 -8.2 471,091 | 69.1 1 8,977 | 309
24 4825 9.6 |541]491,360 | 67.1 | 11,247 | 329
30 5230 2.0 |4.41 645006 | 684 | 15204 | 31.58
Example 5:

[0133] Aging of a multimodal catalyst system described in the examples above
were conducted at 40, 60 and 75°C. To explore how well the traditional single
site kinetic models explain the aging behavior at these temperatures, first and
second order decays were tested. The kinetic constants were obtained by linear
plots. Data for activation energy graphs were taken from the kinetic constants and
tabulated for Arrhenius plot. Using the activation energy, the kinetic constants
were calculated and productivity at various storage time was calculated from the
respective kinetic expressions. Experimental data at 40, 60, and 75°C was
compared to the various model predictions. It was found that: models do not

predict well at 75 °C; first and second order are useful only for a short duration of
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days. Conpar ef nt s is
Shoan i 1 TableE: S Eed s T T B%m%e%'gf;% P ATES e LR,

Drop i n Produedel siasyolyasured % Drop in Productivity

P/PO = Exp (- k* )

where P and PO are productivity at times t and 0
respectively; k is rate constant at temperature T, and t is
storage time in days

LN (k)= (-13859/T +38.988)
where T = storage temperature in °K.
% drop in productivity= (P/P0 -1) * 100
= {[exp (-k*t)]-1} *100

[0134] The simple expression for aging of the tested bimodal catalyst at 40 °C

was found to be:
% drop in productivity = -0.4566 * storage time in days.

Comparison of the first order model and experimental results is shown in

Table 5.
TABLE S
First Order Decay Model
Aging Time | % Drop in % Drop in
Days Productivity Productivity
Measured First Order
Model
1 0 -.05
2 -6 -1
7 -11 -3.5
9 -12 -4.4
15 -12 -7.3
23 -17 -10.9
30 -29 -14
51 -29 -22.7




First Order Mbdel 1 0 -.052 -6 -17 -11 -3.5 9 -12 -4.4 15 -12 -7.3

23 -17 -10.9 30
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Example 6:

10135] Tests were conducted on the bisamide and non-bisamide catalyst systems
separately to evaluate the thermal stability of the two catalyst systems comprising
the selected bimodal catalyst system. Oil slurries of these two catalysts (spray
dried) were heated at 60°C for several days, followed by an ethylene/hexane

copolymer run on an HTPT unit.

{0136] Polymerizations were performed using a HTPT in a glass-lined 5-milliliter
autoclave reactor equipped with a mechanical stirrer. The reactor was dried and
degassed thoroughly at 115°C. The diluent, comonomer, and scavenger, were
added at room temperature and atmospheric pressure. The reactor was then
brought to process pressure and charged with ethylene while stirring at 800 RPM.
The catalyst system was added via syringe with the reactor at process conditions.
The polymerization was continued while maintaining the reaction vessel within
2°C of the target process temperature and 2 psig of target process pressure(by
automatic addition of ethylene on demand) until a fixed uptake of ethylene was
noted (corresponding to ca. 0.15 g polymer) or until a maximum reaction time had
passed. The reaction was stopped and the polymer was recovered by vacuum
centrifugation of the reaction mixture. Bulk polymerization activity was
calculated by dividing the yield of polymer by the total weight of the catalyst
charge by the time in hours and by the absolute monomer pressure in atmospheres.
The polymerization productivity was calculated by dividing the yield of polymer

by the grams of catalyst charge by the time in hours.

[0137] The HTPT unit is useful for testing single catalyst, however, running
multimodal catalyst in the PPR of the HTPT afforded monomodal product with
relatively high Mw for catalyst formulations where in the bisamide/non-bisamide
ratio was > 1.0. Without being bound to theory, it is believed that this is due, at
least in part, to the dramatically different kinetic profiles of the selected bisamide
and non-bisamide catalyst systems. As can be seen from Table 6, the drop in
productivity of the bisamide catalyst system was nearly 47%, whereas the drop in

catalyst productivity of the non-bisamide catalyst system was only 20%. Thus,
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101351 Tests were conducted on the bisam de and non-bi sam de cat algyst
systens sePr884512 0 eval uate the thermal stability ofPGIHS2R0FH2374
catal yst systens conprising the sel ect&d bi nodal catalyst system Q|
slurries of these two catalysts (spray dried) were heated at 60C for
several days, followed by an ethyl ene/ hexane copol ynmer run on an HTPT
unit. 101361 Pol ynerizations were perforned using a HTPT in a
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condi tions. The pol yrerijzatGuplysRroduefivityRespomselfer naji nt ai ni ng t he
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centrifugation of the reactigpn ni Xt Uy BUTK prd y0BEr T |zation activity

was cal cul ated by divi di mg—tyfre~yietd; $; pot TEY 690 hle total weight
h e ifll ttrs .d.ll.,ll’ tip?’é absol ute

of the catal yst charge by tlf
nononmer pressure in at nosphée R VAL = t7.§n roductivity was
cal cul ated by dividing tthe—rdeld-of ]pv yrerl-by /Ra grans of catal yst
charge by the time in hours. 101371 The HTPT unit is useful for
testing single catal yst, however, running nmultinodal catalyst in the
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system was ng@hé hvértion, Wiefigady! ey ds aor éxﬂlu@@‘irﬁbrﬁfﬁies R6@EHNG tasdiclayedof

t he non-bi sam de catal yst systemwas only 20% Thus, WO
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be combined with any other lower limit to recite a range not explicitly recited, in
the same way, ranges from any upper limit may be cdmbined with any other upper
limit to recite a range not explicitly recited. Additionally, within a range includes
every point or individual value between its end points even though not explicitly
recited. Thus, every point or individual value may serve as its own lower or upper
limit combined with any other point or individual value or any other lower or

upper limit, to recite a range not explicitly recited.

[0140] All priority documents are herein fully incorporated by reference for all
jurisdictions in which such incorporation is permitted and to the extent such

disclosure is consistent with the description of the present invention. Further, all



Cat al yst Productivity O/Or Non-bi sam de Cat. System Bi sam de Cat.
System 0 2,400 16,500 1 2,350 12,000 2 2,125 11,500 3 1,925 8, 750

101381 TheWBrRPBLEE12 in| ess ot herwi se specified, "consi SHC/ERAEARITAY |y

of' and "consisting essentially of' do#not exclude the presence of

ot her steps, elenments, or materials, whether or not, specifically
mentioned in this specification, as along as such steps, elenents, or
materials, do not affect the basic and novel characteristics of the

i nvention, adidimeninand yeferemey cidesd nntindrelndide téshpgipiocedusesnpirbiigttiops,

assocl at ed V\f.)attehntst,r}gur%clalegxr%&te?, &éldarg%te%r{ %llﬁ/ }ﬁ%&%brated by reference for all

jurisdictions in which such incorporation is permitted and to the extent such

disclosure is consistent with the description of the present invention.

[0141] While the invention has been described with respect to a number of
embodiments and examples, those skilled in the art, having benefit of this
disclosure, will appreciate that other embodiments can be devised which do not

depart from the scope and spirit of the invention as disclosed herein.



101391 For the sake of brevity, only certain ranges are explicitly
di scl osed herein. However, ranges fromany lower [imt may be
conbined with any upper limt to recite a range not explicitly
recited, as well as, ranges fromany kpwer limt may be conbined with
any other lower Iimt to recite a range not explicitly recited, in
the sane way, ranges fromany upper limt may be conbined with any
ot her upperAlMgit to recite a range not explicitly recited.
Additionally, within a range includes every point or individual value
bet ween ikts erddmgtipdpirelymaritingalgAnnenmmsispigi citly recited. Thus,
ever oi nt or, \ ngi ﬂ%az! s its own | ower or upper
| m%/ (F:)onbi ne a)V\,i ?llr?\égn o?lﬁgip%ggy%%[al%sﬁg%ﬁeg?’vi dual val ue or any ot her
| ower or upperb) i stoting the mdtinbdalxatadysyeysteot atex@intolled tempecintredyvherein
101401 Al priori doc nts are herein fully incorporated by
reference for all eﬁPPtgg[EEtt?%atFWl %Wa’éxc *incorporation is

perm tted and ()0 tdiRactixh@Rd nbliGHoddl S6LIGSLEStehS waANSMBheér Mdchdt fdn
description of the present invention. Further, all WO
20081060512PCT1USISPe2arasting ofibe tihenplphaatslinefrer eplymstigjtiopprocess;
herein, including,tgesting procedures, publications, patents, journal
articles, etc. are herein fully incorporated by reference for all
jurisdictions (dn piidodingachltimedt padyati.on is permitted and to the
extent such disclosure is consistent with the description of the

present invention. 101411 \Wi]e the invention has been described with
r espect _t?g a #&ﬁﬂ_&?t@l Olér?_%‘&i Lewﬁgrman eé&ﬁﬁﬁf}@@,wf B SYERT| OBPTR fhe
art, having bengfide @falyshiysictl &fd DS Rsaritié batAPRLEGEAL € that ot her
enbodi nents can be devised which do not depart fromthe scope and

spirit of the invention as disclosed herein. 45 CLAIMS: 1. A nethod
of pol yméri zi Adeohashiadnel damp.ivdieran thedisapride/tadalpgy suster|composkala Group
catal yst syst ) . Storin he multinodal catal yst systemat a
controlled teﬁrglecPlegat?Pﬁ'%neg,m\%ﬁlecr%teaﬁ}r’iq’?f%remoélggtor ol led tenperature is |ess
than 1 C (c) contacting the nultinodal catalyst systemwth a

nmononer sel ectd rhdtdd éh&aig DUPhGENThebisiigidefcateBst Sisteth @&nifiReOh afckdls
in a polynerizatjon process; and (d) producing a nultinodal polyner.
2. The net hod GREBEFhFGMPPUNGSRNBTIHNE AR T fonbhiBictat atog Yaynd 4g gt keadt one

cysrem 3. The eticad A EpkP XS, BMAAND of AR B LAAR SCuoah alkabione o )

conpri ses a Gobuyhidbiscadset biunilrig angroed 1Z at db ysim cloopgluabther group which
may be a C; to Cyo hydrocarbon group, a heteroatom containing group, silicon,
germanium, tin, lead, phosphorus, or a halogen, wherein the group 15 or 16 atom
may also be bound to nothing or a hydrogen, a group 14 atom containing group, a
halogen, or a heteroatom containing group, and wherein each of the two group 15

atoms are also bound to a cyclic group and may optionally be bound to hydrogen,

a halogen, a heteroatom or a hydrocarbyl group, or a heteroatom containing

group.

5. The method of claim 2, wherein the non-bisamide catalyst system comprises a

metallocene catalyst system or a conventional transition metal catalyst system.



4. The nethod of claim 3, wherein the bisam de catal yst system
conprises a netal catalyst conmpound conprising a group 3 to 14 netal
atom bound to at |east one anionic |eaving group and al so bound to at
| east two group 15 atons, at |east ong of which is also bound to a
group 15 or 16 atomthrough anot her group which may be a Cl to C20
hydr ocar bon group, a heteroatom containing group, silicon, germani um
tin, |ead phospheiied ofelaif IN¥haGRNhe WARIRIJAL (08 yE sk EdmMised 8 splapm
may al so be bound to _nothing or a hydrogen, a group 14 atom )
contai ni ng gr §tipd catehat syawre. ovheeindhe spay ofdorrtaly i MEFYE Copprisesda
wherei n each Tnﬁe?aﬁ ﬁ{gqu] o) vel
group and my%gsf%%n{gr%g%%ﬁg%%nﬁdgt 0 13(/)3(%1%9%%?5859 oag’n?naaéﬁ}é%h ‘nd
het er oat om or aaeshqudl sdeenby| group, or a het eroat om cont ai ni ng group.
5. The nmethod of claim 2, wherein the non-bisam de catal yst system

conpri ses, a al | ocene. cat t system or .a,conventional transition
met al catlal yst te ROl . @ﬁ_@llﬁ@fﬁﬁr&yaslfwféfﬁ{ﬂpﬁtfﬁuxm?mﬂ%éto3
nul tinodal catabyyf S¥SbRAMRNRAHSES camPAIAY 2l | @6 £RGLALMSE Hin{idihe,
wherein the spr aé, dried catal yst m xture conprises a bisam de

catal yst conp&ombined netal | ocene catal yst compound, an activator, and
a residual solvent. 7. The nethod of claim®6, wherein the spray dried
cat al yst gm xt ri.Ses tqg 3.W,% of the. bisam de, catal yst
corpound fand e AR 43 Eames efhebitln Bt e 2B SRFR ePpdfiespo o
claim 6, wher éDrvtbde tspacaiyatdr.i ed catal yst m xture conprises 30 to 50
wt % of the activator. 9. The nmethod of claim6, wherein the spray

dried catal yst m xture conprises 50 to 70 wt% of the silica filler
and 2 to 4 w Khemead efesaion faWhseminy tgtspraygined gatalyst Hdurs Comprsend8, to

wher ei n the sppayedinRdsiGal @lef Sha ik Wid oifa]e%sﬁﬁ&'i ﬁcﬁgeﬂ't.n aliquidto
d wh e

forma slurried catal yst mxture, an ereint Iquid conprises an
oil and a C6 or higher alkane. 11. The nethod of claim 10, wherein

t he C6 orl0hi gAde nadthoaned clamite xdreithe aphy ghied uathltyyt misapaisafifierdied in a
sol vent havi ng._an ASTM D 86. hoilin oi nt _above 97C. .12, The, net ho

of ¢l aim 10, VAEHLP TP BSEisA Al ERb g stnony Bereip Shecishis pumarisFEas 8l 30
wt % of the sprayadybeHighataalayst m xture. 13. The nethod of claim 10,
wherein the slurried catal yst m xture conprises 60 to 70 wt % of the
oil and less than 20 wt % of the C6 or higher al kane. 14. The net hod

of clai mll;, wHbe enathadchel Jaim 10 Wheteinahp & atr dnigher glkpes s heprame 09Chighs.
The net hod of Al r el he nmul ti l,.Gat.al yst .is stored for
o) tast 50  agike WparapERE d bAERH) ASTRER s WYk Int S e

contacting step is conducted at a tenperature of greater than 60C and

a pressune. of The aixh@A®REiIg 100WHERInAEE JurrREatalikt Bknas e6mpadea!1¥ %6 30

productivity is at least 75 of a fresh catal yst productivity.
wt% of the spray dried catalyst mixture.

13. The method of claim 10, wherein the slurried catalyst mixture comprises 60 to 70

wit% of the oil and less than 20 wt% of the Cy or higher alkane.
14, The method of claim 1, wherein the controlled temperature is less than —9°C.

15.  The method of claim 1, wherein the multimodal catalyst is stored for at least 30

days.



17. The nethod of claim 1, wherein a high nol ecul ar weight fraction of
an aged catal yst pol yner produced in the contacting step is at | east
85% of the high nolecular weight fraction of a fresh catal yst

pol ymer. 18. The nethod of claim1, fugther conprising the steps of:
a) warmng the nultinodal catal yst systemafter storing the nu noda
catal yst systemat the controlled tenperature; and b) agitating the

mul ti nodals. catieysdthalysticeimbeaeeincont acti ng the nul tinodal catal yst
systemw th the ngnomer. . 19. The net hod of claim 18, wherein the

mul ti nodal cat(@ y&e copRetis §tep igraditcted 2hp C@RPaKERSS oA greakrs tag G0 Guadp
catal yst system 20 Jfhe.fMeiH960 B%i @d@ég%g%anamer ein the nul tinodal
0

catal yst systemis warned to at ast a t 10C before agitating the
mul ti nodal cat(bl yet agodsriatyst Roditieityret didaastorS ofladiash ¢8alystpeodictivithe
mul ti nodal catal yst systemis agitated for at |east about 24 hours.
22. The nethod .of cl ai . wWherein the nujtinodal catalyst. is store
for ar 1 oder - abedtyBod b el T ot o Meh anelpt e aEE: gk or n dge
nul tinodal catealayst pblsmet Pr@RlcéDin ale t@ARtind QRpdRYA - lcft 850E oMatehRigh Of
claim1l1, wherein: iﬂa) the contacting step is conducted at a
(‘él T

t enper at ur e ofMQJpdar ateight Factnofadirsh cyrlasipgheess from 200 psig to
400 psig; and (b) an aged catal yst productivity is at |east 85%of a

fresh cat l%l. ystriR We%%tc;f\aati%'l, fu%er comprising the steps of:

a)  warming the multimodal catalyst system after storing the multimodal
catalyst system at the controlled temperature; and
b)  agitating the multimodal catalyst system before contacting the multimodal

catalyst system with the monomer.

19.  The method of claim 18, wherein the multimodal catalyst system is agitated after

warming the multimodal catalyst system.

20. The method of claim 18, wherein the multimodal catalyst system is warmed to at

least about 10°C before agitating the multimodal catalyst system.

21.  The method of claim 18, wherein the multimodal catalyst system is agitated for at

least about 24 hours.

22.  The method of claim 1, wherein the multimodal catalyst is stored for at least 60
days.
23.  The method of claim’1, wherein the multimodal catalyst is stored for at least 100
days.

24.  The method of claim 1, wherein:
(a) the contacting step is conducted at a temperature of greater than 60°C and a
pressure of from 200 psig to 400 psig; and
(b) an aged catalyst productivity is at least 85% of a fresh catalyst productivity.



25. The nethod of claim1l1l, wherein: (a) the contacting step is
conducted at a tenperature of greater than 60C and a pressure of from
200 psig to 400 psig; and (b) an aged catal yst productivity is at

| east 90% of a fresh catal yst productkyity. 26. The nmethod of claim1,
wherein a high nolecular weight fraction of an aged catal yst pol yner
produced in the contacting step is at | east 90% of the high nol ecul ar

wei ght fract i ameefetiddfdresimaatabyst pol ymer.

(a) the contacting step is conducted at a temperature of greater than 60°C and a

pressure of from 200 psig to 400 psig; and
(b) an aged catalyst productivity is at least 90% of a fresh catalyst productivity.

26.  The method of claim 1, wherein a high molecular weight fraction of an aged
catalyst polymer produced in the contacting step is at least 90% of the high molecular

weight fraction of a fresh catalyst polymer.



